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PREFACE.

There has been no time in the history of Locomotive
Engineering when the problems confronting the men who
manage and operate the railroads of this country have been
so important as they are at the present. It is true, in looking back over the constructive period of the past, that great
problems were met with and enormous difficulties removed,
but in those days the objects to be attained, while equally as
important as those met with to-day, did not have the same
reference to constructive details, concentration of service, or
diminished cost of operation, as they have now. The principles of construction and operation were such that many of
the finer details were lost sight of, in the effort to build a
road and operate it so as to meet satisfactorily the public
demands for continuity of service; but the increased sustained speed of passenger trains, and the increased weight of
both passenger and freight trains, together with the comparative scarcity of fuel and the increased safety demanded,
have led to the lowering of grades, the elimination of curves,
the introduction of newer forms of propulsion, the use of
various types of fuel-saving devices, and the installation of
elaborate signal systems.
At no time have the different types of locomotive construction and the methods of repair and operation had the
search-light of investigation turned upon them as to-day,
when every new piece of apparatus which has the least indi-
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cation of reducing the total operating and maintenance
expenses is welcomed, and accordingly tried out in practice.
The costs of fuel, water, labor, material for locomotive
repairs, wiping, hostlering, washing boilers, inspecting and
dispatching, and lubrication, are all factors which enter into
the problem of economical railroad management, so that it is
to be expected that water-softening plants, increased facilities
for weighing and handling the fuel, new types of valve gears,
the use of mechanical stokers, feed water heaters and superheaters are attracting world wide attention. While many of
these newer features of locomotive construction are still in
their infancy, they have had the sanction of many of the
head men of the largest railroad systems ; and while, perhaps,
some of these newer features may not stand the sustained
test of time, yet they are steps which indicate the path which
locomotive engineering will take in the future.
Among the various problems which are before the railroad world to-day, none are more important than the construction of the kinds of motive power to be used on each
individual road. While the steam locomotive of course is,
and will no doubt continue to be, the standard form of
motive power on all railroads, yet there are conditions of
service which give the electric locomotive many advantages
over its steam rival; and no greater proof of this is evident
than that many roads are adapting it for various kinds of
service. Steam and gasoline motor cars are also attracting
considerable attention, and are being used more extensively
on the branch lines of many roads where the service is of a
light character.
The newer types of balanced compound and Mallet
locomotives have given fresh impetus to the construction of
very heavy locomotives for both passenger and freight service. With the balanced compound engines, experience has
shown that they not only give a greater economy, due to the

long expansion of the steam, but that destructive influence
of the unbalanced reciprocating parts on the track and on
the engine itself is avoided. Results of several years service
of the Mallet Compound Articulated Locomotives have shown
them to be of considerable value in heavy slow freight service, and that iu them the high power heavy electric locomotive has a rival in the number of tons of freight which can
be handled and in the economy of operation and repairs.
In the fllowing pages all of the above subjects have
been considered with the idea of bringing to the attention
of every locomotive engineer the various problems of steam,
electric and motor car propulsion. There are various chapters on the duties of the fireman, the management of engines,
different types of locomotives, boilers and valve gears, with
instruction as to their repair and maintenance. Mechanical
stokers, feed water heaters and superheaters are described,
and there are several chapters on locomotive accessories,
electric railroadinz, and block signal systems. The subject of the air brake is one of the most important chapters
in the book, in which will be found a description of the
latest types of air brakes in actual use, together with air
brake and train air signal instructions as adopted by the
latest convention of the American Railway Master Mechanic's
Association. Methods of handling coal and ashes, and
methods of handling and softening the feed water, are two
subjects of very present importance in the operation of all
large railroads, and each is made a chapter of individual
study.
All the subjects in the book have been handled directly
from the practical standpoint, arid all historical matter and
description of old and useless types of apparatus and methods
have been eliminated, as it has been considered that while
we must all bow our heads to the many inventors and inventions which have made our twentieth century progress attain-
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able, yet at the same time the scope of the field of engineering is so great that the importance of understanding the
various types of apparatus and methods in use far overshadows what has been done in the past; consequently, all
reference to history and antiquated types of apparatus has
been avoided, except in several cases where it has been
found advisable to mention briefly the development of a
given subject. This will be found to be true in the chapter
on valve gears, where some of the older types of valve gears
which were used on older locomotives are briefly described.
To the railroad man whose interest lies in the shops,
there are chapters on sheet metal work, forge practice, construction and designs of boilers, the boiler shop and the lay
out of plates, machine shop work, measuring instruments,
the milling machine and its uses, tool making, etc.
To the student who wishes to study the fundamental
problems of locomotive design and construction, there are
chapters on the principles of locomotive engineering; mechanical drawing, heat, fuels and combustion, the steam engine
indicator, etc. A chapter is also devoted to the important
consideration of the use of crude oil as a fuel, in connection
with its extensive use on railroads in the West.
In compiling these books, the thanks of the authors are
extended to the various manufacturers of railroad equipments, for their kindness in supplying us with the latest data
and illustrations pertaining to the newest types of apparatus
in use on the railroads, particularly the American Locomotive Company, The Baldwin Locomotive Works, The Lima
Locomotive and Machine Co., The Link Belt Engineering
Co., The Union Switch and Signal Co., The General Electric Co., The Westinghouse Co., The Kennicott Water
Softener Co. and many others. Much valuable information
has been obtained from the proceedings of the American
Railroad Master Mechanic's Association, The Traveling

Engineer's Association, the American Engineer and Railroad Journal, and Railway and Locomotive Engineering.
In fact, no research nor expense has been spared in
making these books at once a reference library for the railway engineer, a text-book for the student., a book of instruction for the locomotive engineer and fireman, and a valuable
aid to the thousands of men who work in and around railway shops and round-houses. In view of the success of the
two other works written by the same authors, namely, Practical Shop Work and Practical Engineering, it is hoped that
these books will meet with the same approval in the locomomotive engineering field.
THE AUTHORS.
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Locomotive Engineering
PROBLEMS OF ECONOMICAL OPERATION.
A locomotive, in the elementary sense of the term, is a machine used for imparting velocity to a train. The steam locomotive uses the potential energy of coal or other fuel in the production of the impelling or tractive force required to overcome the
resistance of the train.
In the transformation of energy from the fuel to the train,
there are four steps which are required: 1, the combustion of
the fuel; 2, the production of the steam; 3, the utilization of the
steam; 4, the traction effort produced by the driving wheels.
Bate of Combustion. Coal and oil are the two most important fuels. Weight for weight, oil is nearly twice as efficient as
coal; but in the Majority of localities coal is less than half the
price of oil, and is therefore the more economical fuel. To obtain the most efficient results with coal, it must be burned at the
proper-rate, which will depend upon the quality of the coal.
If
the rate of combustion is too low, there are likely to be losses from
excess air and lack of efficient combustion by reason of the firebox temperature being too Iow. If the rate of combustion is too
high, the draft will carry off a large percentage of the smaller
coal unburnt. The most desirable rate of combustion of bituminous coal under the average service condition is about 100 pounds
of coal per square foot of gr-ate pet hour.
Heating Surface. A part of the heat thus produced by the
combustion of the fuel is.transferred, by radiation from the fire
and by convection of the heated products of combustion, to the
heating surface. The heat being thus absorbed by the water converts it into steam. A boiler of the regular locomotive type will
2
17
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absorb in every hour sufficient heat to evaporate from twelve to
fifteen pounds of water, from and at 212 degrees, for each square
foot of total heating surface. The larger part of this transfer
of heat takes place at the fire-box and fire-box end of the tubes.
The average amount of heating surface which is desirable in
a locomotive using soft coal is about sixty to sixty-five square feet
to every square foot of grate surface. If the heating surface is
made much less than sixty-five times the grate area, more heat is
generated than can be transferred to the water, and the boiler will
lose in efficiency. If, on the other hand, the heating surface is
made much more than sixty-five times the grate area, the transfer
of heat may be too slow, and it may be that if there should be any
increase in efficiency the increased cost and weight of the boiler
will more than counterbalance it.
Conditions of High Efficiency. To utilize the steam efficiently
in the cylinders so as to obtain a satisfactory percentage of heat
available in the steam, it is necessary to use steam of high pressure and to use a high rate of expansion. In order to avoid the
condensation losses and the mechanical difficulties which attend
the use of a high ratio of expansion in a single cylinder, compound
cylinders are often used; that is, the steam is expanded successively in two cylinders.
The amount of steam required to develop a given amount of
work will vary considerably with the conditions of service. With
a single-expansion engine in slow speed service, about forty-five
pounds of steam per hour may be required for each horse power
developed in the cylinders, while a high-speed compound locomotive has developed a horse power on about twenty-five pounds of
steam per hour.
Power Developed by a Locomotive. The power which can be
developed by a locomotive is determined by the rate at which the
boiler produces steam and by the rate at which the cylinders consume it. For example, suppose the boiler is capable of producing 40,000 pounds of steam per hour, then if the cylinders use
forty pounds per horse power hour, the locomotive will be capable of delivering 1,000 horse power continuously, while if the steam
consumption of the cylinders is lessened to say 32 pounds of steam
per horse power per hour, the locomotive would be capable of developing 1,250 horse power.
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Adhesion and Tractive Power. In driving the engine and
train, the adhesion of the driving wheels to the rails must be used,
as the driving wheels are rotated by the cylinders and by reason
of the friction between the wheels and the rail, the locomotive is
moved. This sets a limit to the tractive power of a locomotive
of given weight, for if the cylinder power be increased beyond a
certain point, the wheels will begin to slip and the tractive power
will not be increased, but will be actually diminished as the wheel
slips.
The tractive power of a locomotive is limited, independently of
the cylinder power, by the weight on the driving wheels and by
the friction between the driving wheels and the rails. If the
rails are dry and well sanded, it is possible to utilize as tractive
power as much as thirty per cent of the weight on the driving
wheels, but to represent fairly good every-day conditions it is usual
to assume that twenty-three and one-half per cent of the weight
on the driving wheels is available for tractive power ; or, in other
words, the weight on the driving wheels must, be at least four and
a quarter times as much as the maximum tractive power required.
This, taken in connection with the allowable load on each wheel,
determines the number of driving wheels. For example, a locomotive is required to develop a total tractive effort of 20.000 pounds
in starting. This engine must. have at least four and a quarter
times this amount, or 85,000 pounds, on the driving wheels. Then
if the maximum allowable weight per axle is 32,000 pounds, the
adhesive weight, as found above, must be distributed over three
axles, and the engine must have six driving wheels. It is usual.
however, whenever possible to keep down the number of driving
wheels to a minimum.
The efficiency of a locomotive, therefore, depends upon the
efficiency of each step in the transmission of the power from the
fuel to the wheels, and the efficiency as a whole depends upon the
proper combination of these different factors.
Horse Power of Locomotives. Horse power of a locomotive
is proportional to the product of tractive force and speed, the relation being
TV
375
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where II = horse power
T = tractive force in pounds,
V = speed in miles per hour,
and the speed at which a train can be hauled is shown in the
formula
v= 375T H

of locomotive to show the limitations of its power in relation to
the speed. For instance, Fig. 1 shows the curves for an Atlantic
A
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which the locomotive is capable of producing, and this in turn
depends principally upon the capacity of the boiler. From the
above formula a characteristic curve can be drawn for any type

type of locomotive, and Fig. 2 shows the characteristic curves for
a Consolidation type of locomotive.
Tractive Force. The tractive force of a single-expansion
locomotive is determined by the following formula:

T=

C2XSX.85XP
D

X2,
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in which
T=tractive force in pounds.
C=diameter of cylinders in inches.
S=stroke of the piston in inches.
P=mean effective pressure in pounds.
D=diameter of driving wheels in inches.
These factors are all constant with the exception of the mean
effective pressure. At slow speed, this is usually assumed to be
equal to eighty-five per cent of the boiler pressure. Owing to the
limited size of locomotive boilers, however, a speed is soon reached
at which it is impossible to maintain this pressure; hence an enran fjpctive Pressure or Yanees Speeds
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a large number of indicator diagrams taken from locomotives in
service, and represents average conditions. It will be noticed in
the diagram that after the speed has passed sixty revolutions per
minute, a mean effective pressure equal to eighty-five per cent of
the boiler pressure cannot be maintained. At 120 revolutions,
the mean effective pressure is reduced to sixty per cent; at 180
revolutions to thirty-five per cent; and at 340 revolutions to
twenty per cent. The tractive force in each case is reduced in
like proportion.
In order to increase the tractive force at high speed, the point
of cut-off must be lengthened, which results in raising the mean
effective pressure. This in turn requires an increase in boiler
capacity to fill the cylinders up to the point of cut-off. Assuming, therefore, that the steam is being efficiently used in the cylinders, the ability of the locomotive to haul a heavier train, or to
increase its rate of speed, depends upon the boiler capacity. It is
for this reason that locomotives of the Pacific type can develop
a high tractive force in heavy service with relation to the weight
available for adhesion.
Effective Tractive Force. To determine the effective tractive
force which can usefully he employed in hauling a train, the force
necessary to overcome the resistance of the locomotive and tender must be deducted from the total available tractive force. The
resistance of the locomotive and tender may be calculated by the
following formula given by Lawford H. Fry in Cassier's Magazine:

T=8+0.087V+0.0036V 2,

9.

per nimure

Fig.
RELATION OF SPEED AND MEAN EFFECTIVE PRESSURE.

gine must be worked at an earlier cut-off, with a consequent reduction in the tractive force developed. The accompanying diagram, Fig. 3, shows approximately the drop in mean effective
pressure which occurs as the speed is increased. This curve is
given by the Baldwin Locomotive Works as having been based on

in which
R=resistance in pounds per ton (2000 pounds) of the engine and
tender.
V=speed in miles per hour.
The resistance for the Atlantic type and Consolidation type of locomotive as calculated for a half loaded tender is given in tables 1
and 2, and the force of this resistance, being deducted from the
available tractive force, the curves A'B'D' in Figs. 1 and 2 are
obtained.
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TABLE I.

Atlantic Type.
Speed
111.P.Hr.

10
15
20
30
40
50
60
70

Boiler
Horse Power

Available
Tractive Force
Pounds

Resistance of
Loco. Jr Tender
Pounds

Effective
Tractive Force
Pounds

928
975
1,021
1,114
1,207
1,300
1,393
1,486

34,800
24,400
19,150
13,900
11,300
9,750
8,530
7,980

1,430
1,570
1,730
2,150
2,670
3,310
4,070
4,910

32,370
22,830
17,420
11,750
8,630
6,440
4,460
3,070

PROBLEMS OF ECONOMICAL OPERATION.

quires only sufficient tractive force to accelerate a comparatively
light train, and the draw-bar pull does not rise above 23,000
pounds, which is available up to nearly fifteen miles an hour.
Tractive Effort for Compound Engines. Using the same letters with the same meaning to each as above, the tractive effort for
a cross-compound engine becomes

C2 XSXIP
D
The formula for a four cylinder compound is
-

T- C2 XSX1P,± C2 XSXIP
D

D

TABLE II.

25

The formula for a four cylinder compound working simple is
-

Consolidation Type.
Speed
M.P. Hr.

10
15
20
30
40
50

II

Boiler
Horse Power

900
944
988
1,076
1,164
1,252

Available
Tractive Force
Pounds

Resistance of
Loco. k Tender
Pounds

Effective
Tractive Force
Pounds

33,800
23,600
18,530
13,450
10,900
9,310

1,450
1,600
1,760
2,180
2,720
3,360

33,350
22,000
16,770
11,270
8,180
5,950

As will be noted, the Consolidation engine, being designed
for heavy trains and slow speeds, has a maximum effective tractine force, or tender draw-bar pull of 37,300 pounds; which is
available up to a speed of only about eight and one-half miles an
hour, from which point the boiler capacity reduces the drawbar pull as the speed increases. The small diameter of the driving
wheels limits the speed. The characteristic is carried out to fifty
miles an hour, but an engine of this type will not do much work
at any speed over about half of this figure.
The Atlantic type passenger locomotive at low speeds re-

T

(C 2 -1-e2 ) X .425P X S
-

D

For a Mallet Compound the formula becomes

T-

C2 XPX.52XS

Where C is the diameter in inches of the high-pressure cylinder
and c is the diameter in incites of the low-pressure cylinder, P is
the boiler pressure, S is the stroke in inches, and D is the diameter
of driving wheels in inches.
Factor of Adhesion. The factor of adhesion is the number
of times the tractive effort is contained in the total weight on the
driving wheels; this total being called the adhesive weight. The
formula is
A
1/=-17
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where R is the factor of adhesion, A the adhesive weight and T
the tractive effort. In practice the factor of adhesion for switching engines is as nearly as possible 4, and for freight engines 4.5,
and for passenger engines 5.
Traction Increasers. What is called a traction increaser is a
device usually employed on engines having a rear truck. It consists of an apparatus operated by air pressure for transferring
weight from the rear truck, and incidentally from the engine truck
to the drivers. The rear truck is connected by equalizers to the
back hanger of the trailing drivers, and this equalizer is pivoted
about a point which gives the long arm of the equalizer to the rear
truck. The pivot pin-hole is usually a slot capable of allowing
the equalizer to be pressed down off the pin pivot. The traction
increaser is also a device by which, through a lever of the bell-crank
type, a new fulcrum is brought to bear down on the top of the
equalizer about 5 or 6 inches nearer the trailing driver than the
pivoted fulcrum. This has the effect of shifting some of the
weight from the rear truck to the drivers, and by thus increasing
the overhang of the engine behind the trailing driver takes some
of the weight off the engine truck and transfers it to the drivers.
The result produced in this way affects the ratio of adhesion only,
and does not alter the tractive effort of the engine.

Weight per Square Foot of Heating Surface. With the same
total weight of engine, an Atlantic type will have about ten per
cent more heating surface than a Consolidation type locomotive.
In the cases illustrated in Tables I and II the Atlantic type weighs
56.5 pounds for each square foot. of heating surface, while the
Consolidation weighs 60.5 pounds. These are favorable examples, and the average weight in American practice will be nearer
sixty pounds for the Atlantic type, and sixty-five for the Consolidation. The difference in weight is due to the lighter weight of
the driving wheels and connecting rods of the Atlantic type.
The problem that, therefore, confronts the designer of locomotives is to increase the power of a given type of locomotive
without excessively increasing the cost of maintenance and fuel
consumption. The tendency in passenger service is to increase
the weight and speed of trains, and in freight service the tendency is to use powerful engines, so that large train loads can be

handled.
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Resistance of Locomotives. An inspection of Figs. 1 and 2
will show that at slow speeds the tractive power depends solely on
the weight of the driving wheels. At higher speeds the effective
tractive force is increased by increasing the horse power or decreasing the resistance of the locomotive and tender. The resistance of the locomotive at high speeds is mainly due to the air
esi stance, and although efforts have been made to reduce the air
resistance by making the smoke-box front conical, no important
decrease in air resistance will probably be possible with the modern type of locomotive. A more important consideration in decreasing the total resistance is to make the locomotive and tender as
light as possible and increase the available tractive power by increasing the horse power. The resistance of passenger trains may
be represented by the formula
R= ❑ +2
where R=resistanee in pounds per ton and V the velocity in miles
per hour.
Factors which Determine Horse Power. The horse power of
a locomotive depends upon the total heating surface, the rate of
steam production, and the efficiency of the utilization of the steam.
The power of any locomotive may therefore be increased by increasing the heating surface, increasing the rate of steam production, or increasing the efficiency of the utilization of the steam.
An increase in the heating surface means an increase in weight,
and this increases the total resistance so that the whole gain is not
effective in moving the train. The type of boiler used in locomotives determines the rate of steam production; but as the type
used on alI locomotives at the present time gives such excellent
results, it is doubtful if it will be changed for a water-tube or other
type of boiler. The economical utilization of the steam is therefore the factor in increasing the horse power which is mostly interesting locomotive designers.
Single-expansion Locomotives. The simplest form of locomotive is, of course, a locomotive which has two single-expansion
cylinders operated by a simple link motion. Owing to its very
simplicity, the simple locomotive has had the widest use, but with
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the increasing size and demand for a more economical locomotive
various methods, such as high steam pressures, special valve motions, compound cylinders, and superheated steam have been tried
in order to meet the demand for a very high speed locomotive.
High Speed Locomotives. For heavy high speed locomotives,
the greatest advance in the economical utilization of steam has
been along the lines of the balanced compound type, of which a
large number have been built. These engines all use high pressure steam and a long expansion, and the arrangement of the four
cylinders allows a perfect balance to be obtained in the moving
parts.
Slow Speed Locomotives. For heavy, slow freight service, the
balancing feature is not so important, so that there are several
other systems of compounding in use which give a desirable economical utilization of the steam without unnecessary and troublesome complicated valve gear. Among these types in use are the
two-cylinder compound, the four-cylinder tandem compound and
the Mallet Compound.
Two-cylinder Compound.
The two-cylinder compound can
show practically the same efficiency of steam consumption as the
four-cylinder, and has fewer working parts. On the other hand,
the power developed is not always equally divided between the
two sides of the engine and the excessive diameter of low-pressure
cylinder, and the consequent excessive -width of locomotive required for high powers puts a limit to the growth of this class of
engine.
Tandem Compound. The tandem compound gives equal powqr
on both sides of the engine and economical steam consumption.
The heavy reciprocating parts, due to both pistons being on the
same rod, make the engine difficult to balance, but at slow speeds
this is not a great disadvantage. The weight per axle is not susceptible of any considerable increase, so that to obtain an engine
of greater hauling capacity it becomes necessary to add another
coupled axle. This increases the rigid wheel base, and, apart from
the great internal resistance, an excessively long wheel base renders
it extremely awkward for curves.
Mallet Compound. If more tractive force is required, the
Mallet type compound offers the greatest facilities for development.
The wheels are in two groups, and as these groups have a flexible
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connection between them, the locomotive can curve easily. The
rear group of wheels is driven by the two high-pressure cylinders,
and the front group by low-pressure cylinders, so that the same
power is developed on both sides of the engine. The double expansion of the steam gives economy in fuel, and the whole construction of the locomotive is comparatively simple.
In locomotives of moderate power the simplicity of two cylinders may be of sufficient value to determine the choice in favor
of the two-cylinder compound, or even the single-expansion type;
but when great hauling capacity is required, the advantage of
dividing the power to he developed between four instead of only
two cylinders far outweighs the possible disadvantage of the multiplication of parts.
The Future of the Locomotive. The high speed locomotive of
the future will therefore probably be a four-cylinder balanced compound, using steam at high pressure. Superheated steam may
also be probably used together with the Walschaert, or some other
improved type of valve gear. Where fuel, however, is not expensive, it becomes a question whether the small gain due to compounding will compensate for the increased first cost and cost of
maintenance of the compound locomotive.
For slow speed service, the typical locomotive will probably
continue to be a simple expansion engine using superheated steam;
but where heavy hauling power is required, the tandem compound
with a rigid wheel base, or a Mallet Compound engine, will probably be the type most used in general service.
Hauling Capacity. The hauling capacity of a locomotive is
computed by dividing the tractive force of the locomotive by the
rate of resistance per ton due to gravity and rolling friction, and
then deducting the weight of the locomotive and the tender, if
there is one. This gives the weight in tons of 2,000 pounds of the
train which the locomotive can haul.
In the consideration of the practical determination of the
proper hauling capacity advisable in any case, the following precautions, based upon experience, should be considered. First, it
is always desirable to provide a reasonable amount of surplus
power, and not to work a locomotive regularly too close to its full
capacity. The reserve of power is economical, because it cuts
down the cost of repairs, and also of fuel and oil, to the lowest
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point, and lengthens the mefill life of the locomotive, and also
provides for emergencies and increased output. Second, it is not
always safe to figure on a grade as level because the land is flat
In these cases the so-called level grade may prove to be one per
cent or more, which may cut down the hauling capacity of a locomotive more than one-half what it otherwise would be on a perfect
level. Third, it. pays to buy a locomotive of the proper design for
the requirements; the rolling stock should be kept in good condition; bad grades and sharp curves should be avoided if possible;
the roadbed and track should not be allowed to get into bad condition. As can be seen, the hauling power of a locomotive depends
to a large extent upon a number of outside influences over which
the locomotive itself has no control.
Grade Resistance. The resistance of a grade due to gravity
increases in direct proportion to the steepness of the grade. If
there is a rise of one foot in every 100 feet, the grade resistance
will always be 20 pounds per ton of 2,000 pounds; that is, the
locomotive must exert enough force to lift 1 1-100 of the total
weight of the train, or, what amounts to the same thing, to exert
tractive force enough to overcome a resistance equivalent to the
required lift of the train. For a grade of per cent the resistance
is 10 pounds per ton, for two per cent grade 40 pounds per ton,
for a three per cent grade 60 pounds per ton, and so on.
Grades are designated in various ways. The usual engineer's method is by per cent, or the number of feet rise per 100 feet
of track, fractions of a foot being expressed in tenths of a foot instead of in inches. The American Railroad method is to state the
number of feet rise in the distance of one mile, in which case, to
reduce the grade, stated in feet per mile, to the grade stated in per
cent, divide the number of feet rise per mile by 52.8. Grades are
sometimes stated in degrees, or the amount of angle which the incline makes with the level ; but since this also requires considerable calculation in order to find the percentage of grade, it has not
come into general use among practical men.
The proper way of determining grades is by means of surveyors' instruments; but an easy method, which is sufficiently accurate
for track purposes, is to use a straight-edge 100 inches long, leveling
it with an ordinary spirit level, and measure the distance from the
bottom of the straight-edge to the top of the rail. This gives the
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grade in per cent, which can be reduced to feet per mile by multiplying by 52.s. On very low grades this, of course, is not practical, but will be found useful in finding steep grades.
Rolling Friction. The resistance due to rolling friction varies
with the character and condition of the rolling stock and track.
With extra good cars and track it may be as low as 5 pounds per
ton of 2,000 pounds, but Gi pounds may be taken as a fair average
for first-class cars and track, 8 to 12 pounds for reasonably good
conditions, and as high as 20 to 40 pounds for hard running cars
and rough track. A poorly laid track and crooked rails increase
the resistances very much, as does also the overloading of cars.
The resistance is greater in cold weather than in warm weather,
and the resistance of rolling friction per ton is greater for empty
cars than for loaded cars.
Curves. The simplest way of designating a railroad curve is
by giving the length of the radius; that is, the distance from the
center to the outside of the circle, or one-half the diameter. The
shorter the radius the sharper the curve. The length of the radius
is usually stated in feet, and the length of the radius of a railroad
curve is measured to the center of the track. Engineers designate
railway curves by using the sign degrees and minutes, there being
60 minutes in one degree. The sharpness of the curve is determined by the degree of .a curve, or the number of degrees of the
central angle subtended by a cord of 100 feet. In other words, let
two lines start from the center of a circle in the shape of a V, so
that the angle at the point of the ❑ is one degree, which is equivalent to 1-360 of a complete circle, then if the sides of the V are
prolonged until they are 100 feet apart, any part of a circle made
by using one of these lines for its radius is a one-degree curve.
The exact length of radius, which with an angle of one degree has
a chord of 100 feet, is found to be 5,730 feet. If the angle at the
point of the V is two degrees and the sides are prolonged until
100 feet apart, the length of each side is almost exactly 4 as long
as when the angle is one degree, or 4 of 5,730, or 2,865. For a
three-degree curve the radius is of 5,730; for a four-degree curve
I of 5,730, and so on. For perfect exactness the length of the 100
feet should be measured, not along a straight line connecting the
ends of the V, but along the line of the circle of which the sides of
the ❑ are radii ; that is, the arc should be used and not the chord.
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The difference, however, is very slight for curves used on standar,
gauge, but for extremely sharp curves, such as are used on narror
gauge roads, a considerable mathematical error would be involves
by using the chord instead of the arc. In practice, however, the
formula of dividing 5,730 by the degree of the curve is almost
universally used to get the radius, and the accompanying table
gives the different lengths of radius in feet for the different curves:

Table Showing Lengths of Radius in Feet for Curves
from One to Sixty Degrees.
DEGREES

1
2
3
4
5
6
8
9
l0
11
12
13
14
15
16
17
18
19
20

=
=
=
=

RADIUS

DEGREES

RADIUS

5730 feet
2865 "
1910 "
1432 "
1146 "
955 "
819 "
717 "
637 "
573 "
521 "
478 "
441 "
410 "
382 "
358 "
337 "
318 "
302 "
287 "

21
22
23
24
25
26
27
28
39
30
31
32
33
34
35
36
37
38
39
40

273 feet
260 "
249 "
239 "
229 46
220 ti
212 is
205 44
198
191 61
185 C4
179 CC
174 CC
169
163 14
159 44
155
151 44
147
143

=
=
=
=
=
=
=
—
=

=
==

DEGREES

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

as they generally decrease the loads which locomotives can handle,
and also increase the cost of operation and repairs required for
track and rolling stock. It is usually preferable, therefore, to increase the expense of track construction than to increase the cost
of operating expenses.
It is customary when a curve occurs on a grade to reduce the
grade on the curved part of the track, so that the combined resistance of the flattened grade and the curve will not exceed the
resistance of the steeper grade on the straight part of the track.

D

RADIUS

140 feet
136 "
133 "
130 "
127 "
125 "
122 "
119 "
117 ii
115 41
112
110
108
106
104 44
102 44
100 44
99 ti
97 54
95 Ci
14.

The Resistance of Curves. The frictional resistance to the passage of trains around curves is very considerable, and is also very
variable. The shorter the radius of the curve the greater is the
resistance. The length of the wheel bases of locomotives and of
the cars, the elevation of the outer rail, the speed, the condition
of the track and rolling stock, the length of the train and the length
of the curved track are all matters which influence the resistance
of a train on a curve, so that no formula can be given which will
apply to all cases. Excessive or irregular curves, and especially
sharp curves, in connection with steep grades, are to be avoided,

A
Fig. 4
METHOD FOR MEASURIS0 RADIUS OF CURVE.

In practice engineers compensate for curves on grades at the rate
of 2 1-100 feet grade in each 100 feet for each degree of curvature.
Rule for Measuring the Radius of a Sharp Curve. Stretch a
string, say 20 feet long, or longer if the curve is not a sharp one,
across the curve corresponding to the line from A to C in the diagram, Fig. 4. Then measure from B, the center of the line AC
and at right-angles with it, to the rail at I). Multiply the distance AB, or one-half the length of the string, in inches by itself ;
measure the distance D to B in inches, and multiply it by itself.
Add these two products and divide the sum by twice the distance
from B to D. This gives the radius of the curve in inches. The
formula is stated thus:
AB2+BD2

R—

2BD

It may be more convenient to use a straight-edge instead of a
string. Care must be taken to have the ends of the straight edge
or string touch the same part of the rail as is taken in measuring
the distance from the center. If the string touches the bottom of
•
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the rail flange at each end, and the center measurement is made at
the rail head, the result will not be correct. In practice it will be
found best to make trials on different parts of the curve to allow
for irregularities. It is a good plan to make measurements on
the inside of the outer rail of the curve. In this case, one-half of
Si
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struments as follows: As shown in Fig. 5, the straight track is
represented by the line A, and the point where the curve is to begin
is noted as station one (SO. Continue the straight line beyond
S a distance of 100, 50 or 25 feet, according to how sharp a curve
is to be laid out, or whether the situation is cramped or not. Start
from station S 1 with a line or chain of length (', as given by the
table. From the end of this line C measure the offset D, of the
length as given in the table to station two (S 2 ), so that its distance from station S, is also measured by the line C. Then measure from S, the same offset D to point 3, making the distance
from S, to point 3 also the same as line C. A line drawn from
S, to 3 and continued in the same direction an additional distance
C fixes the next point station three (S e ). From S, make another
offset D, so that the distance S 2 to S, and S, to 4 are each the
length of line C, and prolong the line from S. through 4 an additional distance C. This fixes station four (5 4 ). Thus the points
S„ 52, 83 and 54 have been fixed, and the curve must pass through
them. This same process is continued until a point is reached
where it is desired to discontinue the curve and lay straight. track.
In cramped locations, the length of the line C, which is the
chord of the arc, can be decreased to one-half or one-quarter of the
lengths given in the accompanying table.

Fig. 5

Table of Radii and Deflections for Curves.

METHOD FOR LAYING OUT RAILROAD CURVES.

(g I
a

t, It
wine
in Feet

64

id

ao

The °Met D forgiven radius R and chord

•er:

—

e‘i 1.1 CI

coen

6.10
6.98
7.85
8.72
9.58
10.45

._50 Feet

Offset D
In Feet

ft};

5.23

Radius R
in Feet

C

S22 ,.'zi4 ,-pp!2 2T tzta cq

.87
1,74
9 .62
3.49
4.36

a

i

0i0
4.4

ut, cC r•-•

5,730
2,865
1,910
1,133
1,146
915
819
717
637
573
521
478

D
in Feet
C-100 Feet

ea •alLator. cc

el co

the width of the gauge should be deducted from the radius, when
calculated, as the radius of the curve should be measured to the
center of the track.
Suppose, for example, that the length of the string is 30 feet,
and that the distance BD is 3 inches, then the distance AB is 15
feet, or 180 inches, and 180 multiplied by 180 equals 32,400; 3
multiplied by 3 is 9, so that 32,400 added to 9 gives 32,409, which,
divided by twice 3, or 6, gives 5,401.5 inches, or 450 feet 11 inches,
which is the radius of the curve. If the measurements have been
taken on the inside of the outer rail of the curve, 281- inches should
be deducted from the above result.
Laying Out Curves. The proper method of laying out of
railroad curves comes directly within the province of the surveyor, but it is possible to lay out a curve without surveyor's in-

:31
,

ga

Radius R
in Feet

°Me D
in Feet
e
C-25 Feet

229
220
205
191
179
159
143
130
115
95

1.362
1.405
1.51
1.615
1.72
1.935
2.14
2.34
2.64
3.125

25
21
28
30

32
N
40
44
50
60

is found from formula 13

cv
—
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In the accompanying table the length of the line C is taken
at 100 feet for curves 1 to 12 degrees; 50 feet for curves of 13
to 24 degrees and 25 feet for sharper curves, for the reason that
for the sharper curves the situation is usually so cramped that
measuring the longer distances is impracticable. The line R in
Fig. 5 represents the radius of the curve, but in actual practice the
formation of the ground where the curved track is to be laid is
generally such that it is impossible to find the center of the curve.
For extremely sharp curves it is practicable to lay off the curve
by the above method by using inches throughout instead of feet.
Curves of Track and Wheel Base. The sharpest curve to
which two pairs of flanged wheels will adjust themselves depends
upon their distance apart, the diameter of the wheels and the size
and shape of the flanges. Considering the Master Car Builder's
standard for flanges and rails, a sufficiently accurate formula for
all practical purposes is as follows:
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or an additional rail must be introduced at the curve. If the intermediate wheels are flanged, the sharpest curve is dependent upon
the play allowed between the flanges and the rails.

Fig. 6
11=

jV

The value of sin a for various diameters of wheels is given below:
Diameter of wheels, 20" to 25", sin a=.117
"

"

Li

Cg

dC

LL

CC

"

IC

cc

rr

TIMM

2 sin a

in which R=radius of sharpest curve that can be passed.
W =wheel base.
A=angle the flanged wheels make with the rails.

fg

SWING OF FOUR—WIIEEL

25" to 30", sin a=.107
31" to 40", sin a=.09
41" to 50", sin a=.08
51" to 60", sin a=.075

If intermediate wheels are introduced between the two pairs
of flanged wheels, their relation with the rail requires a separatt
consideration. If these wheels are plain, the tires must be of
sufficient width to prevent them from dropping between the rails,

When a truck is used, the swing must be sufficient to allow the
locomotive to pass the curve. The relationship between the truck
swing, wheel base and radius of curve is given by the formula:
▪
▪

WT
2S

in which W=distance from center of pin of truck to rear of rigid
wheel base.
T=distance from center pin of truck to front of rigid
wheel base.
S=one-half the total swing of truck.
R=radius of sharpest curve which can be passed.
All dimensions must be in either feet or inches. Figs. 6 and 7
show how these dimensions are taken for four and two-wheel
trucks.
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Resistance Due to Acceleration. The accompanying diagram,
Fig. 8, gives the resistance in pounds per ton, due to acceleration

would require from thirty to fifty miles per hour in one mile and
forty-two pounds per ton to produce this acceleration in one half
mile.
Gauge of Track on Curves. Theoretically, in order to pass

75

70
65
60
55

Fig. 7

50
45

SWING OF TWO-WHEEL TRUCK.
45
35

of speed up to seventy-five miles per hour. The formula on which
the calculation is based is as follows:

30
26
20

A=.0132 (V2—v2)
/0

in which A=resistance in pounds per ton.
v=initial speed in miles per hour.
V=the accelerated speed, or speed of one mile thereafter.
When the train starts from rest, v=zero.
In using the chart, note the -resistance due to the final or accelerated speed, and from this amount subtract the resistance due
to the initial speed. The difference will he the resistance developed in an uniform acceleration from one speed to the other in one
mile. If the speed is gained at a less distance than one mile, the
resistance will be proportionately greater. For example, from
Fig. 8 it can be seen that. the resistance due to acceleration for fifty
miles per hour is thirty-three pounds per ton. The resistance for
thirty miles per hour is about twelve pounds per ton. Then it
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Fig. 8
RESISTANCE DUE TO ACCELERATION.

around curves perfectly, every axle in the train should point to the
center of the curve, and the outside wheels should be larger than

the inner wheels. In practice, the difference in size of the wheels
is supposed to be accomplished by making the tread of each wheel

40 PROBLEMS OF ECONOMICAL OPERATION.
in the form of a cone, so that the diameter close to the flange is
greater than at the front face. The radial position of the axles,
however, is impracticable, as cars and locomotives are built so
that two or more axles are parallel. On sharp curves this arrangement of the axles causes the cars and locomotives to bind ; a fourwheeled car or truck having a tendency to press the front wheel
against the outside rail and the rear wheel against the inside rail.
On this account the usual amount of clearance between the rails
and wheel flanges must. be increased. The exact amount of additional width of gauge required on a curve depends upon the radius
of the curve, the gauge of the track, and the wheel basis of the
rolling stock. The width of the tread of the wheels limits the
amount. of extra width of gauge practicable.
Elevation of Outer Rail on Curves. In passing around curves
the centrifugal force tends to tip over the cars and engines and to
crowd the wheels against the outer rail. This tendency increases
with increased speed, and is greater in the case of a sharp curve
than an easier curve. To counteract this tendency, which at a
very high rate of speed might derail the train, it is desirable to
elevate the outer rail of a curved track, so that the train will lean
inward to such an extent that at the desired rate of speed there will
be no more pressure against one rail than against the other.
Where the same track is used for both slow and fast trains it is
usual to elevate the outer rail to suit the fast train. Excessive
speeds, however, around very sharp curves are altogether impossible. It is customary to elevate the outer rail one-half inch for
each degree of curvature on radius of Standard gauge and for
speeds of 25 to 35 miles per hour. For narrow gauges the elevation is proportionally less. Thus, on a standard gauge road with a
speed of 30 miles an hour on a 10 degree curve, the outer rail would
be elevated 5 inches. If the outer rail is elevated exactly the
proper amount, it will be impossible for a passenger to feel any
sensation of tipping or rocking while the train is on the curve. The
exact elevation, however, to secure this result can only be arrived
at in each ease by very complicated calculations. It is considered best practice in approaching a curve to begin to make a difference in the level of the two rails, some distance away, 50 or 100
feet before the curve is reached, and to elevate the outer rail and
depress the inner rail, so that the center of the track is level. The
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accompanying diagram, Fig. 9, will show the elevation required
for the outer rail on curves up to 70 degrees and for speeds up to
60 miles per hour for a standard gauge track.
The best difference in level between the two rails, however,
on a curved track can only be determined by actual trial after the
track is built, so that in practice if any variation is found advisable
from the results obtained from the accompanying diagram, it will
probably be in the direction of the reduced rather than of increased
heights. For instance, if the elevation of the outer rail for sten-
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Fig. 9
RELATION OF ELEVATION OF OUTER RAIL TO SPEED OF TRAIN.

(lard gunge track on a 20 degree curve for a speed of 25 miles an

hour is required, by reading along the diagram and finding where
the 25 mile per hour speed intersects the line for the 20 degree
curve it will be found that the required elevation will be about 81
inches.
Gauge of the Track. Gauge of a track of a railroad is always
the distance measured in the clear between the rails as shown in
Fig. 10, so that a standard gauge road should measure exactly 564
inches between the rails on the straight track. The gauge of the
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track is not measured between the flanges of the wheels, and it is
considered a mistake to increase the track gauge for sake of clearGauge 0'. Track

Fig. 10
GAUGE

or TRACK.

ance except as to widening the track gauge on a curve. In the construction of locomotive and car wheels the proper amount of clear-

Fig. 11
CLEARANCE BETWEEN WHEEL AND

RAIL

ance or side play is provided, as shown in Fig. 11. The position
of the gauge line is 1 7-16 inches from the back face of the tire.
The width of the tread is 3 9-16 inches measured from the gauge
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line, the width over all being 5 inches; the depth of the flange
1 3-32 inches ; the taper of the tread 1-32 inches.
Speed of Locomotives. When considering the speed of a locomotive, it must be remembered that it requires more power to start
a train than to keep it in motion after it has been started. This
is due to the fact that the resistance of axle friction and of flange
friction is greatest in starting, and diminishes very rapidly as the
train acquires motion, and then continues to diminish, but less
rapidly, as the train speed accelerates. Journal lubrication is
more perfect at high speed than at low speed, and in cold weather,
when the oil becomes less liquid, the difference is greatest. The
lessening of a flange friction with increase of speed is believed to
be due largely to the increase of momentum and to the tendency
of a body in motion to move in a straight line. For these reasons
a locomotive may be relied upon to haul any train it can start.
The resistance of the atmosphere is practically zero at slow speed,
but increases very rapidly at high speeds. Sharp or badly laid
out curves or uneven track may prevent a rate of speed which
would be considered moderate on a good straight track. Car trucks
out of square, wheels out of center, wheels misplaced on the axles,
and other rolling stock defects, increase the resistance with the
increase of speed. The resistance due to grade is absolutely constant, whether the speed is fast or slow, but the momentum of fast
speed will take the train up a grade of considerable length with
very little retarding, while the same grade may stall a slow-moving
train.
Maximum Speed and Maximum Load. No locomotive can at
the same time haul its heaviest load and make its fastest speed.
As speed increases the available tractive force decreases. At slow
speed the mean effective pressure is estimated at 85 per cent of the
boiler pressure. Steam requires time to move, and as the piston
speed is increased the steam from the boilers cannot get into the
cylinders quick enough, nor the exhaust steam be expelled quick
enough, to maintain the same mean effective pressure as at slow
speed, and, besides, the steam must be used expansively for mechanical as well as economical reasons. Together with this loss
of mean effective pressure at high speed a considerable amount of
power is lost in forcing the exhaust steam through the exhaust
nozzles. This ratio of loss of effective tractive power, as the
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speed increases, varies greatly with the design of the locomotive.
A better proportion of maximum load at maximum speed can be
hauled by a passenger locomotive than by a freight locomotive, each
locomotive being designed for its own particular service. This is
because the passenger locomotive with its large driving wheels has
a more moderate and effective piston speed when developing high
train speed than the freight engine with small drivers at less train
speed. This results in the peculiar condition that a passenger locomotive can haul a heavier train at fast speed and can develop more
horse power than a much heavier freight locomotive with larger
cylinders and greater tractive force.
The Waste of Energy in Railroad Operation. The energy stored
in the fuel must be used to make steam, the energy in the steam
must be used to move the engine and pull the trains, and the
energy stored in the men and officials must be used to properly
regulate the whole. The law of the conservation of energy does
not permit energy to be created nor destroyed ; it may be changed
from one form to another, however, and the problem which must
be met on all railroads is to convert the stored-up energy in the
fuel into useful work with as little waste as possible.
Importance of the Locomotive Fuel Question. Fuel for locomotives is the largest single item of expense in the cost of conducting transportation on most of our American railroads. For nineteen representative roads the cost of fuel on the locomotive tender
amounted to $92,492,098, or 11.42 per cent of the total operating
expenses of these roads. The next most important item in the
cost of conducting transportation is the combined wages of enginemen and roundhouse employees. For seventeen railroads this item
amounted to $67,369,934 as compared to $80,554,716, the cost
of fuel. These costs are for one year.
Ratio of Cost of Fuel to Operating Expenses. A study of the
ratios of the cost of fuel to the total operating expenses on American railways brings out some interesting facts. The ratio is
highest (from 13 to 17 per cent) on the New England and Middle Western roads and on the Seaboard Air Line. it is lowest on

the Chesapeake & Ohio (7.81), Louisville & Nashville (8.01),
Pennsylvania Railroad (9.25), and Baltimore & Ohio (9.34).
On the other roads it ranges between 10 and 13 per cent. On fifteen of nineteen representative roads the wages of enginemen and
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engine house men combined arc less than the cost of fuel—in
some instances very much less. On the Pennsylvania Railroad
these two items are about equal, while on the Baltimore & Ohio,
Chesapeake & Ohio and Louisville & Nashville the wages are
higher than the cost of fuel.
It would be reasonable to suppose from the importance of the
fuel item that the railroads as a whole would devote considerable attention to its inspection, handling and economical use.
It is surprising, therefore, to find how little attention is given to
this question, and bow little its importance seems to be appreciated.
The energy wasted on railroads may be divided into three
classes:
First. Energy wasted by present well-established systems
which, while known to be wasteful, nevertheless appear to be in
some cases the only practical, or in others the most economical,
means to accomplish the desired results. Second. Energy now
wasted by improper systems of management or improper or uneconomical machines or devices of various kinds now in use, these
being under the control of officials higher than the road foreman of
engines. Third. Energy now wasted either by improper system
of management or by improper methods of handling of working
machines, or the improper condition of the machines themselves.
Amount of Heat Utilized. Of the actual energy known to
exist in a pound of coal but a small per cent is realized, the waste
taking place in the slacking of the coal, the loss of heat due to
improper combustion, the loss of heat in making steam, the additional loss from the steam itself, and the greatest loss in converting the energy in the steam into effective work in the locomotive.
The mechanical equivalent of one heat unit (B.T.U) is 778 foot
pounds of work, so that to produce one horse power for an hour
requires power equivalent to 2,545 heat units. One pound of coal
when properly burned will give off about 14,100 heat units, or
enough to produce five and one-half horse power for one hour. In
locomotive service it takes at the lowest estimate twenty-five pounds
of steam per indicated horse power per hour. Neglecting the loss
due to friction of the engine, this means that to produce five and
one-half horse power per hour in a locomotive requires 1371
pounds of water. As one pound of coal evaporates only about
five pounds of water in a locomotive boiler, twenty-seven and one-
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half pounds of coal would be required, which means that only 3.6
per cent of the actual energy in the coal is realized, the other 96.4
per cent being energy wasted, due to the present method of converting the heat into work.
Improvements in Locomotive Engineering. Practically all the
improvements made in the past few years tending to better the
economy of the locomotive have been along lines that at the most
would save only a fractional per cent of this great loss; but these
fractional savings have amounted to hundreds of thousands of
dollars in some cases. In view of a greater possibility of saving, efforts have been made for years to obtain power direct from
coal without this wasteful method of making steam and converting
the energy in the steam into power by means of the engine.
Central Power Plants. With present methods, however, the
most economical results have been accomplished by having a large
central power plant where boilers reach the highest efficiency in
transforming the heat in the coal into steam, and where highly
efficient, compound engines, or turbines driving generators, convert the power in the steam into electrical energy, which can be
transported long distances with small loss and used in motors
for practical power purposes. Railroad managers, realizing the
economy of this method, are now experimenting on and perfecting systems of this kind to supplant the individual power plants
which each locomotive now represents, and which in comparison to
this new system are considered wasteful.
Gasoline Locomotives. Other experiments are being made
with explosive engines, principally gasoline engines, where power
is required in small units, in thinly settled territories This method
often shows a large saving on account of the economy of gas engines over steam. It is doubtful, however, if the gas engine will
be used extensively in railroad work, except for special service, on
account of the many seemingly impractical features connected
with its use.
Grade Conditions Affecting Economy. The grade line of the
road may also be such that a very large amount of power is wasted.
Possibly a small expenditure on grade reduction would more than
pay for itself in power saved. The method of handling tonnage
is also to be considered, as when the rating is too light energy is
wasted by not using the machinery to its economical capacity,
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and if an engine is overloaded, energy is wasted in slipping, stalling, and to the much slower rate of speed at which the train is
moved, which is a controlling factor in considering the amount of
energy wasted.
Type of Engine Affects Economy. The type of steam engine
used is a factor also, some roads using very large and powerful
engines, others using small power, some with compound locomotives, Walschaert valve gear, superheaters and other devices, all
endeavoring to give greater economy and better service. Each
type of engine, valve gear or special device, if it has merit, shows
its greatest economy under certain conditions, and in order to save
fuel careful consideration should be given to the selection of not
only the locomotive, but the special devices on it, to insure having
a machine that will be economical under the conditions under
which it will have to work.
The track conditions in a great many cases are such that the
friction or train resistance of the cars passing over it is greatly
increased over what it would be were the track properly maintained. All increased resistance of this kind, of course, means a
corresponding waste of power.
Fundamental and Variable Wastes. The foregoing cases are
what might be called fundamental wastes on a road ; that is, they
are determined by the physical condition of the road, the class of
power and equipment and the fixed policy of the management.
There are numerous other wastes, however, which can be reduced
to a minimum. There is a possibility of a large loss of energy
due to improper lubrication of locomotives and cars. Dry valves
on a locomotive will make a difference of twenty-five to fifty tons
in the train load that can be hauled over the grades, and there is
reason to believe that the waste would be as great in proportion
on a comparatively level road. Hot pins, eccentrics, driving
boxes, etc., cause waste through increased friction of the parts,
although the loss of time caused is a much greater and more costly
item than the loss through increased friction. The same is true of
hot boxes due to improper lubrication.
The Problem of Fuel Consumption. The problem of fuel consumption, or better combustion of fuel, is another serious matter.
On most roads there is one man who is held accountable for the
amount of fuel used. It has been suggested by the Traveling

48 PROBLEMS OF ECONOMICAL OPERATION.
Engineers' Association that railroads should have a man whose
title might be fuel superintendent, who would have charge of and
direct the work now done by the fuel agent, including inspection
of coal and the assignment of certain grades of coal to various
coaling stations. He would be so closely in touch with the mechanical department that he would be able to advise what class of
coal was to be furnished each division point., so that engines might
be drafted for the class of fuel to be burned, and he would have
on his staff a corps of traveling firemen to see that the men were
properly instructed concerning the principles of combustion, and
were firing their engines according to correct principles, and that
the engines were drafted so that they would burn the fuel in an
economical manner when properly fired. Such a man should be
able to effect a wonderfully large saving when it is considered that
to-day the fuel agent in some cases is trying to make a record of
buying cheap fuel, and will not admit there is such a thing as poor
coal. The mechanical department, to avoid steam failures, is
drafting engines to handle the poorest fuel, and the men, on
account of poor coal, improperly drafted engines or lack of interest, are burning from ten to twenty per cent more fuel than
necessary.
Other channels through which energy is wasted have been
completely given by D. C. Buell in a paper read before the Traveling Engineer's Association as follows:
How Coal is Wasted. Coal not properly inspected at the
mines, allowing slack and dirt in considerable amounts to take up
space in cars, tanks and fire-boxes that the coal should occupy, to
say nothing of the loss caused by dirty fires, clinkers, etc.; coal
spilled at coal chutes and not picked up; coal stolen all along the
line; coal wasted on account of improper or wasteful methods of
firing up engines at the roundhouse; coal spilled from engine
tanks being filled too full; coal spilled from engine deck on account of its not being kept clean ; coal wasted through grates on
account of the fireman shaking grates improperly; coal wasted on
account of firing not being properly done.
How Heat is Wasted. Ash-pans not properly made for admission of air to give proper combustion or not kept cleaned out ;
engines not drafted right to give proper combustion; boilers or
flues being dirty; steam leaks in fire-box or front end that inter-
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fere as well as wasting heat by the leakage; forcing the fire too
hard, drawing the gases out of the stack at too high a temperature;
engines not properly lagged ; heat wasted which might be saved
by hollow fire-brick arches, combustion tubes, feed-water heaters,
or special devices of this nature that have been proven economical.
How Steam is Wasted. Valves or cylinder packing blowing;
cylinders not smooth ; that is, where the inside of the cylinder
wall has not become glazed so as to reflect the heat and keep it in
the cylinder, instead of absorbing it, and radiating it out as a cylinder which is pitted or unglazed will do ; leaks across steam passages; leaks in steam valves; pipes or fittings leaking, either on
the engine or in the cab ; improper location of piping or working
of the injectors; air leaks on the engine or ears; steam heat leaks;
hot water leaks at any point from boiler or fittings; steam wasted
through the pops on account of the engine not being fired properly.
How Power may be Wasted. Valves set improperly ; lack of
lubrication; improper feeding and firing of the boiler; improper
running and handling of the engine; drafting the engine so as to
give excessive back pressure; improper handling of the air; brakes
set up too close; the waste of time on a railroad is almost always
accompanied by a waste of energy because cars, engines and men
are lying around when they might be doing useful work.
Time Wasted at Roundhouse may be Due To: Engineers not
making proper work reports; inefficient or insufficient force not
getting work done promptly, thus delaying a $15,000 machine for
want of machinist or helper ; sand-house, coal chute, water tank
and cinder pits not properly arranged; lack of proper supplies
at storehouse, requiring engineers to hunt up foremen, and to
spend more time robbing other engines to get what they want.;
lack of tools on engines, so that engineers cannot do necessary
work promptly; not having a proper record of where men live and
can be called; not having extra men enough to keep power moving
as fast as ready and wanted; not having men called in time so they
can get ready to go out on their call.
Time Wasted on Road may be Due To :—Not having proper
tools on engines in ease anything happens ; trying to stop an engine
at water tank with a long train instead of stopping short and cutting the engine off; not having fire in condition to go after meeting
4
—
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a .train or getting orders; not oiling around promptly; engineer
and conductor not working together to make meeting points or
figure on station work ; careless handling of train and pulling out
draw-bars and bad order of cars; not watching for signals from
train crew ; not having a supply of sand at convenient points between terminals for bad weather or emergencies; engines not properly washed out, causing foaming and consequent loss of tonnage
or time; allowing coal to get in tanks, stopping up injector supply
pipes; not cleaning strainers in injector supply pipes at frequent
intervals; water accumulating in main reservoir, thus requiring
a longer time than necessary to release brakes; not keeping sanding
devices in good working order, with result that engine slips badly
in starting train or on hard pulls; engineer and fireman not working together so they will have steam and water where needed ;
fireman not awaking to the fact that ash-pan needs cleaning until
engineer and train crew are ready to go; engineer laying down
when something goes wrong with his engine, when with a little
thought and some energy he could have fixed things and brought
his train in; crew stopping to eat just where it suits them without
notifying the dispatcher or regarding the possible disarrangement of his plans; engineer or conductor not advising dispatcher
if anything is going wrong so they cannot make the time expected
of them ; engineer not willing to admit there is anything wrong
with his engine when he knows he could not make ten miles an
hour with the train.
Waste of Energy in Yard. There is a great deal of energy
wasted in the yard and on the road directly chargeable to the
transportation department, part of the cost of which in many
cases falls on the mechanical department. For example, time
wasted in not having trains made up, crews ready or the yard
open so the engine can get to the train and get out on call, and
indifference in matter of switching coal to chutes.
Along this line may be mentioned the seeming delight some
switchmen take in blocking the roundhouse leads, so engines
cannot get in or out ; there is also time wasted getting bills and
orders, all of which is reflected in cost of coal charged against
engines and wages of enginemen, etc. ; on the road there may
be waste due to poor distribution of time on schedules, poor dispatching, slow orders which should have been cancelled, orders
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put out at points where it is hard to stop and start when some
place where train would have to stop for water or a meeting point
could have been used just as well; another waste is due to trains
being made up improperly, loads behind instead of ahead, empty
car doors open, short loads in what is supposed to be a through
train, etc.; slow orders put out by the maintenance department
also add to the fuel bill, because unfortunately they are usually
necessarily placed on track just at the foot of a grade or on a
curve or some hard pull; many tanks are located so that it is uphill both ways away from them. Streams are usually found at
the bottom of the hills, but it is cheaper to pump water to a tank
at the top of the bill than to pull the train from a standstill to the
same point.
It is toward the reduction of these wastes that the entire organization of every large railroad is striving, and considerable
success is being attained along these lines, not only by properly
educating the various employees in their respective duties, but by
using suitable apparatus and methods required to meet each
problem.
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REVIEW QUESTIONS.
PROBLEMS OF ECONOMICAL OPERATION.

1. What is the most desirable rate of combustion on locomotives using bituminous coal?
2. What four steps are required in the transformation of
energy from the fuel to the train?
3. How is the efficiency of a locomotive affected when the
rate of combustion is too high ?
4. What is the average amount of heating surface allowed in
a locomotive per square foot of grate surface ?
5. What effect on the fuel economy will it have if the
boiler contains too much heating surface?
6. What are the conditions necessary in order to utilize the
steam efficiently in the cylinders of a locomotive?
7. What is the usual amount of steam required to develop
one horse power in the cylinders?
8. How does the boiler capacity affect the horse power of a
locomotive?
9. Mat limits the tractive power of a locomotive for a
given weight ?
10. Suppose an engine is required to give a total tractive
effort of 35,000 pounds in starting, what would be the required
weight of the engine to obtain this tractive effort ?
11. What would be the horse power required to obtain a
tractive effort of 20,000 pounds when the locomotive is running
at a speed of 15 miles an hour ?
12. What are the different factors which enter into the problem of finding the tractive force of a locomotive?
13. What is the difference between the available tractive
force and the effective tractive force?
14. What is the difference between the tractive force of a
Consolidation engine and that of an Atlantic type engine, and
why do they vary from each other ?
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15. How do you obtain the factor of adhesion of a locomotive,
and what are the usual amounts found in practice ?
16. What are traction increasers and why are they used?
17. What is the usual weight of engine per square foot of
heating surface for Consolidation freight locomotives?
18. What factors enter into the problem of finding the resistance of a locomotive ?
19. Give three factors which determine the horse power of
a locomotive, and how could you best increase the horse power and
at the same time economically utilize the steam ?
20. How is economy of steam obtained in high speed locomotives, and what are the tendencies of economical steam utilization in locomotives used for heavy slow freight service ?
21. Why is it that the Mallet Compound is giving such good
service in moving heavy freight trains?
22. Upon what conditions does the hauling capacity of a locomotive depend, and how can you increase the hauling capacity of
a given locomotive?
23. Name several methods of designating the grade on a road.
24. If a road has a grade of 20 feet to the mile, what percentage of grade is this ?
25. Not having any surveyor's instruments at hand, describe
a rough rule for finding a grade.
26. What is the average rolling resistance in pounds per ton?
27. If there is a three-degree curve on the road, what would
be the radius of it ?
28. Why is it that a curve has more resistance than a straight
track ?
29. Give a rough rule for finding the radius of a sharp curve.
30. What effect has the wheel base of a locomotive upon the
degree of curves which can be used on a road, and describe how
the degree of curve is obtained with a given swing of truck ?
31. How does the resistance of a train increase due to the
acceleration of speed ?
32. Is the gauge of track on curves larger or smaller than a
standard gauge?
33. Why are the outer rails on curves elevated, and how can
the difference in level between the two rails be determined ?
34. What is the Standard gauge of a track used on American
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railways, and how is it measured, from the inside or outside of
the rail ?
35. How does the speed of a locomotive affect the horse power
required, and what conditions should be fulfilled to obtain the
maximum speed with a given locomotive?
36: Describe the relations existing between the maximum
speed and maximum load of a locomotive, and why is it that no
locomotive can at the same time haul its heaviest load and make
its fastest speed.
37. Describe various ways in which energy is usually wasted
on railroads.
38. What percentage of heat is generally utilized in one ton
of coal?
39. What are the general improvements that are being made
in locomotive engineering?
40. Why are central power plants with electric transmission
being used, and what economy in operation are they supposed to
attain?
41. Having given two roads of different grades, would you
use the same kind of motive power on each road?
42. How does the condition of the track affect the economy
of an engine ?
43. What effect will imperfect lubrication of a locomotive
have upon the train load that can be hauled over a road ?
44. Give five methods by means of which coal may be wasted
on a locomotive.
45. If a locomotive cannot keep up steam pressure, what
would you examine to find out if steam is being wasted ?
46. Suppose everything pertaining to an engine and train
were steam-tight, and the locomotive was not giving its proper
power, what may be the probable causes?
47. What precautions must be taken by road officials to see
that time is not wasted at the roundhouse or on the road ?
48. Give a brief description of what you would consider to
be an ideal condition in building a road so that there would be no
energy needlessly wasted.

BALTIMO RE&O HIOF REIG HT LOCOMO TIVE— FOUR CYLINDERARTICU LA TED COMPOUND
( Amer ica n Locom otive Company )

Heat.
Nature of Heat. Heat is a form of energy, and is said to
depend upon the molecular motion of the particles within a body.
Since it is energy, it has capacity for doing work ; thus, it may
cause steam to drive a piston; it may cause solids or liquids to
expand and contract, or it may change the molecular condition of
the bodies as when solids are fused or liquids vaporized. Heat
does not act the same as matter, because a heated body is no
heavier than it was before it was heated, and that, unlike matter,
heat can be lost, as in melting two pieces of ice by rubbing them
together, in which case a quantity of heat entirely disappears.
Sources of Heat. Since heat is a form of energy, there are
numerous sources from which it is derived, because energy can
be transferred into heat. The energy which provides us with
heat exists in both the kinetic and potential forms. The first
form is illustrated by the energy of moving air and water, as in
winds, tidal waves or ocean currents; and the energy in stored
water or in coal is an example of potential energy. Friction,
compression, percussion, or any process by which motion is arrested, produces heat.
Combustion. The most general method of heat production
upon the earth, however, is combustion, by which is meant chemical combination of fuels with oxygen. The most usual substances which are burned consist of hydrogen, carbon, sulphur, and
phosphorus, of which carbon and hydrogen are the most important. The combination of hydrogen and carbon forms the basis
for all commercial fuels, such as coal, oils, or gases. When one
pound of pure hydrogen is burned, it develops 62,000 heat units,
and when one pound of carbon is completely burned, it will give
out 14,500 heat units.
The following table gives the heating value of the most usual
sources of heat used in engineering:
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A pproximate Total Heat
:II

Hydrogen
Petroleum Oils ( benzine, etc.)
Petroleum, crude
Petroleum, refuse
Coal Gas....
Carbon .
Coal, good quality .
Coke
Wood Charcoal.
Wood, dried
Peat, 25%, moisture

1 pound of fuel

T hermal I 7n its.

62,000
27,500
20,400
20,000
17,800
14,500

14,000
I3, 500
11,000
8,000

7,000

Other fuels which are sometimes used include straw, tan or
bark, and bagasse. Straw is very bulky, but will give out about
8,000 heat units. Tan is oak bark which has- been used in tanning, and when burned dry will give out 6,100 heat units per
pound. Bagasse is the name given to the fibrous portion of sugar
cane after the juice has been extracted, but, unless dried, it is difficult to burn, and as usually burned contains only about 3,000
heat units per pound.
Measurement of Heat. The intensity of the heat of a body
is indicated by a thermometer, and has nothing directly to do
with the quantity of heat that a body contains. Thus, if a pound
of iron has the same temperature as a pound of water, the latter
will give out about eight times as much heat as the former for
each degree it is cooled. Temperature is, therefore, only a measure of the heat which affects the senses. It cannot be measured
directly, but only by one of the effects produced by heat, usually
expansion. An instrument in which expansion is made use of,
for determining temperatures, is called a thermometer; or a pyrometer if the temperatures are high. Air, mercury, and alcohol
are the substances generally used in thermometers. The air thermometer has great range and great accuracy, and is generally used
as a standard. The alcohol thermometer is used only for very
low temperatures. The mercury thermometer is the most convenient form of instrument, and is therefore commonly used.
It consists of a capillary glass tube called the stem, on the lower
end of which a spherical or cylindrical bulb is blown, of such a size
that the expansion of the mercury it contains, between the limits
within which the thermometer is to be used, exactly fills the stem.
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When thus filled with mercury the upper end of the stem is
sealed.
In order that the indications of all thermometers shall be
comparable, two fixed points are marked upon their stems. These
fixed points are the melting point of ice and the boiling point of
water, which, under proper conditions, represent the same temperature everywhere. The lower point is called 32 degrees and the
upper point 212 degrees, according to the Fahrenheit scale, or
zero, and 100 degrees, according to the Centigrade scale, which
is used for all scientific purposes. There are, therefore, 180 degrees between the melting point of ice and the boiling point of
water according to the Fahrenheit scale, and only 100 degrees
according to the Centigrade scale. These graduations are either
marked on the stem or alongside.
In engineering, temperatures are usually measured on the
Fahrenheit scale, but sometimes the Centigrade is used. In order
to convert degrees Centigrade into Fahrenheit, multiply by 1.8
and add 32. For instance, to change 40 degrees C into degrees F
multiply 40 by 1.8 and add 32 degrees, which gives 104 degrees.
Conversely, to change Fahrenheit into Centigrade subtract 32 and
divide by 1.8.
The process of measuring the amount of heat in a body is
called calorimetry, and the instruments used are called calorimeters. The amount of heat necessary to raise the temperature
of a body is proportional: (1) to the size of the body and (2)
to the temperature rise; the total amount of heat required, therefore, being the product of its mass and temperature change. On
comparing different substances, however, it is found that they
are heated or cooled differently with the same amount of heat,
even though their masses be the same. That amount of heat which
will raise one pound of water one degree will raise one pound of
iron ten degrees, or one pound of mercury thirty degrees.
Unit of Heat. It is therefore necessary to agree upon a particular substance, so that the amount of heat required,to raise a
unit mass through unit temperature is called unity. Such a substance is water. It is readily obtained pure, and it requires a
greater amount of heat than any other substance to produce in it
a given temperature change. A unit of heat is, therefore, defined
as the amount of heat required to raise one pound of water one
degree, and is called a British thermal unit.
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Specific Heat. Since other substances require a less amount
of heat to change the temperature one degree, the ratio of this
amount to unity is called the specific heat. The specific heat can
therefore be defined as that fraction of a unit of heat which is
required to raise the temperature of unit mass of that substance
one degree. The specific heat of various substances is as follows:
Liquids.

Water
1 0000
Mercury....0.0333
Alcohol..... 0. 7000
Benzine....0.4500
Ether ......0.5034

Boil&

Copper
0 0951
Gold ..
0 0324
Wrought. Iron .. .0. 1138
Cast iron
0 1298
Steel
0 1170
Lead
0 0314
Zinc
0 0956
Ice
.0.5040

Air
0 2375
Oxygen
0 2175
Hydrogen
3 409
Nitrogen
0 2438
Superheated Steam
0 4805
Ammonia
0 5080
Salt solution-15% salt...0.8606

If, therefore, the specific heat of a substance be known, the
amount of heat which it contains can be calculated, if it does not
change its state. For instance, suppose a copper ball weighing 10
pounds is raised from 60 to 132 degrees, how many heat units are
required ? It is only necessary to multiply the difference in temperature by the weight and specific heat, or 72 X10 X.0951=68.47 heat units.
Expansion by Heat. When heat is applied to a body it generally expands, and the amount of expansion for each degree of
rise in temperature is quite regular, and is called the co-efficient
of expansion. This co-efficient is the amount a body of unit length
will expand or contract for each degree difference in temperature.
The co-efficients of expansion for a few of the important solids are
as follows:
Aluminum
Brass—sheet..
Lead
Wrought iron
Cast iron.
Copper
Steel.

.....

.0000123
.0000105
0000157
0000064
0000055
0000088
0000065

For liquids and gases the co-efficient of cubic contents per
unit rise in temperature is given rather than linear expansion.
A few of these follow:

Air
Mercury

Alcohol
Sulphuric Acid

002034
000099
000610
000270

Expansion of Water. There is one important substance that
does not always expand upon the application of beat, and that is
water. When water at 32 degrees Fahrenheit is heated, it contracts instead of expanding, and this continues until the temperature reaches 39.2 degrees, which is the point of minimum volume.
Above that temperature the addition of heat causes the water to
expand.
Change of State. In addition to change of temperature and
change of volume, heat produces change of state. There are
three states in which a substance is found: solid, liquid, and gaseous. When a solid body is exposed to the heat, not only does
its temperature rise and its volume increase, but it liquefies, if it
is not previously decomposed. When a liquid body is sufficiently
heated, it is vaporized, and becomes a gas or vapor. The former
is called liquefaction and the latter vaporization. The laws of
liquefaction and vaporization are quite important in engineering,
for water, which is used extensively, is commonly found in the
three states: solid, liquid, and gaseous. For solids such as ice
there are two important laws: 1st. Every substance begins to
melt at a definite point of temperature, which is always the same
for the same substance and pressure. 2d. After melting begins,
the temperature of the liquid remains constant until the liquefaction process is complete.
In general, solids expand on melting, so that the volume of the
liquid is greater and its density less than that of the solid. Water,
bismuth, type metal, and cast iron are exceptions to the rule.
Were it not for the fact that ice is lighter than water, all the
rivers would be frozen solid in the cold weather.
Solidification. As a solid may be melted by the addition of
heat, so may a liquid be solidified by the subtraction of heat.
Therefore for every liquid there is a definite solidifying point,
the temperature of which is constant so long as the solidifying
process is in progress. Substances like bismuth and antimony,
which expand on solidification, give sharp castings, while gold,
silver, and copper, which contract, do not give good castings, but
must be stamped in a die to get good effect.

60

61

HEAT.

HEAT.

Latent Heat of Fusion. Since during the time a solid body is
melting or a liquid body is freezing no change of temperature
takes place by the addition or subtraction of heat, it follows that a
certain amount of heat is not accompanied by any temperature
change. Consequently this heat energy is stored up in the body
as potential energy, and is called the latent heat of fusion. The
latent heat of liquefaction is the same as the latent heat of fusion,
except that it is the amount of heat, measured in heat units, which
is required to change a solid of unit mass into a liquid under the
atmospheric pressure without alteration in temperature.
The following are a few examples showing the melting points
of solids and their latent heat of liquefaction in British thermal
units per pound:

called the critical pressure, while the temperature required to
liquefy a gas is called the critical temperature.
Laws of Boiling. There are two important laws which relate to the formation of vapor from a liquid. It has been found
that for a given pressure (1) every liquid has a definite boiling
point, and (2) this point remains constant after boiling commences until all the liquid has been vaporized. The following
are a few of the boiling points of liquids under atmospheric
pressure:

Melting Point.

Ice
Beeswax
Phosphorus
Sulphur
Tin

32
140
177
405
426

Latent Hest.

144.
148.
9.06
16.86
500.

Vaporization. Still more important than solidification and
liquefaction is the vaporization of a body, which is the process of
converting a liquid into vapor. Vaporization may be effected in
two ways: by evaporation or by ebullition. Evaporation takes
place solely from the surface of a liquid, while ebullition is the
production of vapor throughout the mass. When liquids produce
vapors readily, they are called volatile liquids, as ether or alcohol,
and those which do not are called fixed liquids, such as heavy oils
or mercury.
A vapor in contact with its liquid is called a saturated vapor,
because evaporation of the liquid will continue until the maximum pressure for that temperature is reached. If, however, all
the liquid is evaporated and heat is continued to be added, the resultant vapor is called unsaturated or superheated vapor, in which
case it follows the laws of a gas.
A superheated vapor may be converted into a saturated vapor
by increasing the pressure or by decreasing the temperature; and
by the continuance of either one or both the vapor may be converted into a liquid. The pressure at which a gas liquefies is

Alcohol
Alcohol, wood
Ammonia, liquefied
Ammonia water
Benzine
Mercury
Naptha
Petroleum, refined
Water, pure
Saturated Brine

173° Fahrenheit
)51.
37.3
140.
177.
. 670.
186.
316.
212.
225.

Since the boiling point depends directly on the pressure,
it is evident that the boiling point of a liquid may be raised by
increasing the pressure and lowered by diminishing it.
Heat of Vaporization. Since a liquid and its vapor may have
the same temperature, that heat which is given to the liquid to
form vapor is used in doing internal work and is stored up in the
vapor. A vapor therefore possesses more energy than its liquid.
This heat of vaporization is not indicated by the thermometer,
and is therefore generally called the latent heat of evaporation.
At atmospheric pressure water boils at 212 degrees, and its latent
beat of evaporation per pound is 966 British thermal units. Alcohol boils at 173 degrees under atmospheric pressure, and its
latent heat is 364 heat units.
The steam table shows the variation of the boiling temperatures and the heat of vaporization with the pressure. The
pressure of the atmosphere is always taken at 14.7 pounds per
square inch, which is the zero reading on the steam gage. If the
temperature of boiling and the latent heat of vaporization are required at 100 pounds gage pressure, by referring to the table
found on page 68 in this section on Heat it will he
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found that the temperature of vaporization will be 337.8 degrees
and the latent heat of evaporation will be 876 heat units.
Transfer of Heat. Heat may be transferred in three ways:
by conduction, by convection, and by radiation. The transfer of
heat within a body is called conduction, and takes place between
adjacent particles. Those substances which transmit heat readily
are called good conductors; among which may be classed silver,
copper, brass, iron, and the metals in general. Poor conductors
of heat include wood, glass, liquids, and gases. Silver is one of
the best conductors of heat, and, based upon its conductivity, the
following values of the metals are given:
Silver

100

Copper
Gold
Brass

Zinc

73.6
53.2
23.1
19.0

Iron

11 9

Steel
Lead

11 6

Platinum .........
Bismuth

85
8.4
1.8

The conductivity of liquids is exceedingly small, and that of
gases is still less.
While in solids the heat is transferred from one part of the
body to another by conduction, in liquids and gases the transfer
of heat is effected chiefly by convection. For instance, if the
water in a boiler be heated at the bottom, the water rises, and,
coming into contact with the colder water, heats, and thus produces a circulation until all the parts are at the same temperature.
The convection of gases is very important, since they are such poor
conductors of heat. The air in a room in which there is a radiator is heated principally by convection. The third method of the
transfer of heat is by radiation. This is caused by the formation
of wave motion in the " aether " which pervades all space. Certain bodies have the property of emitting more radiation than other
bodies, and these bodies also have different properties of absorption. The brighter a substance is the less radiating power it has.
Lampblack is one of the best substances for absorbing heat, since
it reflects none of it. The radiating powers of various substances
compared with lampblack are as follows:
Lampblack
Glass
Bright Lead
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100
90
19

Silver
Clean Tin
Blackened En
Copper
Mercury

..

12
12
100
12
20

The radiator in a room should therefore not be polished, but
should be kept dull.
Mechanical Energy and Heat. Heat, which is molecular
energy, may be made to do work. The principle of this conversion is quite simple, and is affected by some agency like steam in
a steam engine, which by its expansion transforms some of its
heat into work. It has been found by careful experiments that
one British thermal unit, which is the amount of heat necessary
to raise one pound of water one degree, is equivalent to 778 foot
pounds of work. For instance, it has been stated above that a
pound of good coal will give out about. 14,000 heat units, which
is equivalent, should all the heat be utilized, to 10,802,000 foot
pounds of work.
When heat energy disappears as heat, it must, according to
the principles of the conservation of energy, appear or exist in
some other form of energy. When the heat in the steam drives
the piston of an engine, the steam loses heat by the operation and
an exact equivalent of the energy so disappearing reappears as
work clone or as energy of the moving parts of the engine, except
that which is taken up by radiation and friction. The mechanical
equivalent of a heat unit is called Joule's equivalent, because it
was he who made the first determination of the mechanical equivalent of a heat unit in Manchester, England. After a series of
experiments, extending over seven years, lie at that time came to
the conclusion that its value was 772 foot pounds, yet later experiments have proved this value to be too small, so that Joule's equivalent is now universally taken as 778 foot pounds.
The first law of thermodynamics, which is the science of
heat, can now be stated : Heat and mechanical energy are mutually
convertible in the ratio of about 778 foot pounds for the British
thermal unit.
Heat Engines. In general, heat engines are machines for
continuously transforming heat into work. Such engines in
practice work in cycles. One of the best known principles on
which an imaginary heat engine works was devised by Carnot.
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It involves the most important fundamental principle of ibis science, and is known as Carnot's cycle.
In any heat engine it is essential that there should be, 1st,
a working fluid; 2d, a source of heat; and 3d, a receptacle for
unexpended heat, both of which latter must be external to the
working fluid. In operation a heat engine must receive the heat
of the working fluid at a certain temperature, it must convert the
heat into work, and it must discharge the unconverted heat at a
lower temperature than that at which it was received. The difference between such higher and lower temperature is called the
range of temperature," and the engine is called a perfect engine
when the whole heat corresponding to its range of temperature
is converted into work. The ratio of the maximum mechanical
effect in a perfect heat engine to the total heat expended on it is
a function solely dependent upon the initial and final temperatures
at which heat is received and rejected and is independent of the
nature of the working fluid.
Based upon the experiments made by Joule, Rankine and
others, the following laws have been established:

where E is the efficiency and l l and t., the initial and final temperatures respectively and based upon the absolute zero of temperature. The only theoretical way, then, of increasing the efficiency of an elementary engine is to increase the range of temperatures between which it is worked.
This, therefore, shows that the latent heat which is common
to steam is not necessarily wasted. It is often supposed that if
all the heat received by the steam was expended in elevating its
temperature, instead of going into a latent condition, a larger
percentage could be turned into power. It has been upon this
supposition that the use of most of the substitutes for steam has
been based. To show that this supposition is not true, it is only
necessary to consider the engine using steam as a gas without
expenditure of latent heat, and compare it with results attained
in engines in which latent heat is expended in the boiler and discharged in the condenser. Assume, for instance, that steam be
supplied at 320 degrees temperature and exhausted from the
engine at 28 inches vacuum or 100 degrees, then, according to the
above formula the heat efficiency of the engine will be

1. In any heat engine the maximum useful effect, expressed in foot
pounds or in percentage, bears the same relation to the total heat expended
that the range of temperature bears to the absolute temperature at which
heat is received.
2. In any heat engine the minimum loss of heat bears the same relation to the total heat expended as the temperature at which the heat is
rejected bears to the temperature at which it is received, both being reckoned from absolute zero.

Absolute Zero. The absolute zero of temperature upon which
all calculations for the efficiency of heat engines are based corresponds to the condition of the total deprivation of heat. This
temperature has never been reached, the nearest approach to it
being produced by the expansion in liquefying air, oxygen, and
hydrogen. It has been determined by computation that 460 degrees below the zero on the Fahrenheit scale is the point of absolute
zero.
The above laws, expressed in Algebraic form, are as follows:

E-=1*-11
IL

780 —560
=28 per cent.
780
The heat expended per pound of steam would be 220 X.475X778
=81,301 foot pounds, of which the engine would utilize 28 per
cent, or 22,764 foot pounds. Since the horse power is equivalent
to 1,980,000 foot pounds per hour, there would, therefore, be required 1,980,000 H22,764= 86.9 pounds of steam per horse
power per hour and that in a perfect engine ; but within the same
limits in an ordinary steam engine, using water with its large
latent heat, a horse power is often obtained on from 16 to 18
pounds of steam. Latent heat must therefore be an efficient
source of energy.
Water the Best Fluid. As the lowest available temperature
and highest practical pressure are the some for all vapors, it becomes evident that that fluid having She highest temperature at the
limit of pressure has the advantage, theoretically, in possible
economy. Of all available liquids water fulfils this condition
best, and its great abundance and low cost more than counterbalance any other advantages which other liquids might have.
-
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Generating Steam. The chemical composition of water consists of two parts hydrogen and one part oxygen, and exists in
three states or conditions—ice, water, and steam—the only difference between these states or conditions is the presence or absence of a quantity of energy which may be either indicated on the
thermometer or be in the form of latent heat. If we have a
pound of ice say at zero degree, by adding heat to it it will grow
warmer until a temperature of 32 degrees is attained. At this
point heat can be added until all the ice is melted without any
difference of the temperature. After all the ice is melted, the
addition of more heat will cause the temperature to again rise, but
more slowly than before, because it takes about twice as much
heat to raise a pound of water one degree as it does a pound
of ice. The addition of more heat will cause the temperature to
rise until another critical point is reached, and that is when the
water starts to boil. If the water is under atmospheric pressure,
it will boil at 212 degrees, and it will be found that a large quantity of heat will be required before all the water is turned into
steam without raising the temperature above 212 degrees. The
amount of heat which one pound of water will require in being
raised from water at 212 degrees into steam at 212 degrees is
equal to 966 heat units, or enough heat to have raised the water
to a temperature of 1,178 degrees if the specific beat of the water
had remained constant. Thus over four-fifths of the heat which
has been added to the water has disappeared or become insensible
to the thermometer.
After steam has been formed, a further addition of heat increases the temperature again at a much faster ratio to the quantity of heat added, according as to whether the steam is kept at a
constant pressure or a constant volume. This can be continued
until such a point is reached that the steam will disassociate into
its original gases of hydrogen and oxygen.
The accompanying diagram, Fig. 1, shows graphically the
relation of heat to temperature, the horizontal scale being the
quantity of heat in British thermal units and the vertical scale
the temperature in Fahrenheit degrees, both reckoned from zero.
The horizontal lines of the curve show the effect of latent heat in
changing from ice to water and from water to steam. In changing
ice from zero to 32 degrees 32X.504=16.1 heat units are required. In changing ice at 32 degrees to water at 32 degrees,

144 heat units are required. In changing water from 32 to water
at 212 degrees, 212-32=180 heat units are required. In changing water from 212 degrees to steam at 212 degrees, 966 heat
unit, are required, and in changing steam to a temperature above
212 degrees, 0.48 heat units are required for each degree the
temperature is raised.
Boiling Point. The above data applies only when the water
is at atmospheric pressure. At any other pressure not only is the
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melting point and boiling point changed, but the latent heat of

Fig. 1
vaporization is also changed. The temperature of boiling and

latent heat for different pressures has been found carefully by
experiment, and will be found in the steam tables in this section
on page 68.
Total Heat in Steam. As a result of experiments, the total
heat above 32 degrees of steam for any temperature can be found
from the formula
H=1019.7+.305 (t-32°),
in which t is the temperature of boiling and H the number of heat
units above 32 degrees.
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Latent Heat of Steam. The formula for the latent heat of
steam has also been found by experimentation, and is given as
follows:

TABLE OF PROPERTIES OF SATURATED STEAM.
Gauge Pressure Temperapressure in pounds Lure In
in pounds per sq in. d*re:p
per sq. above Fab reninch. vacuum.
heit,

1

2

3
4

0
0.3
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
125
135
145
155
165
175
135
210
285
260
285
310
335
360
385
485

6
7
8
9
10
14.7
15
20
25

30
3,5
40
45
50
55
60
65
70
75
80

85
4x)
95
105
110
115
120
125
130
140
150
160
170
180
190
200
225
250
275
300
825
350
375
400
500

10

101.99
126.27
141.62
153.09
162 34
170.14
176.90
182.92
188.83
193.25
212.00
213.03
227.95
240.04
250.27
259.19
267.13
274.29
280.85
286.89
292.51
297.77
302.71
307.38
311.80
316.02
320.04
323.89
327.58
331.13
384.56
337.86
341.05
344.13
3-17.12
352.85
358.26
363.40
368.29
372.97
377.44
381.73
891.79
400.99
409.50
417.42
424.82
431.90
438.40
445.15
466.67

Heat
Heat of Total heat
In
from
vaporizeliquid
water at
Lion, or
from
32°.
latent heat.
320.
Heat units. Heat Unit&
Heat units.

70.0
94.4
109.8
121 4
130.7
138.6
145.4
151.5
156.9
161.9
180.9
181.8
196.9
209.1
219.4
228.4
236.4
243.6
250.2
256.3
261.9
267.2
272.2
276.9
281.4
285.8
290 0
294.0
297.9
301.6
805.2
308.7
312_0
315.2
318.4
324.4
330.0
335.4
340.5
345.4
350.1
354.6
365.1
374.7
383 6
391.9
399.6
406.9
414.2
421.4
444.3

1043.0
1026.1
1015.3
1007.2
1000.8
995.2
990.5
986 2
982.5
979.0
965 7
965.1
954.6
946.0
938.9
932.6
927.0
922 0
917.4
913.1
909.3
905.5
902.1
898- 8
895.6
892.5
889.6
886.7
884.0
881.3
878 8
876.3
874.0
871.7
869.4
865.1
861.2
857.4
853.8
850.3
847.0
843.8
836.3
829.5
823.2
817.4
811.9
806.8
801 5
796.3
779.9

1113.1
1120.5
11251
1128.6
1131.5
1133.8
1135 9
1137.7
1139.4
1140.9
1146.6
1146.9
1151.5
1155.1
1158.3
1161.0
1163.4
1165.6
1167.6
1169.4
1171.2
1172.7
1174 3
1175.7
1177.0
1178 3
1179 6
1180.7
1181.9
1182.9
1184 0
1185 0
1186.0
1186.9
1187.8
1189.5
1191.2
1192.8
1194.3
1195.7
1197.1
1198.4
1201.4
1204.2
1206.8
1209 3
1211.5
1213.7
1215.7
1217.7
1224.2

Density or
w eigh t
of cubic ft
in pounds

Volume
of 1
pound in
cubic
feet.

0.00299
0 00576
0.00844
0.01107
0.01366
0.01622
0.0E874
0.02125
0.02374
0.02621
0.03794
0 03826

334.5
173.6
118.5
90.31
73 21
61.67
58.37
47.06
42.12
38.35
26.36
26.14

0.05023

19.91

0.08199
0.07 .60
0.08508
0.09644
0.1077
0.1188
0.1299
0.1409
0.1519
0.1628
0.1736
0.1843
0.1951
0.2058
0.2165
0.2271
0.2378
0 2484
0.2589
0.2695
0.2800
0.2904
0.3113
0.3321
0.3530
0.3737
0.3945
0.4153
0.4359
0.4876
0.5393
0.5913
0.644
0.696
0.748
0.800
0.853
1.065

16.13
13.59
11.75
10.37
9.287
8.414
7.696
7.097
6.583
6.143
5762
5.426
5.126
4.859
4.619
4.403
4.205
4.026
3.862
3 711
3.571
3.444
8.212
3 011
2.833
2 676
2.535
2 403
2.294
2.051
1.854
1.691
1.553
1.437
1 337
1.250
1.172
.939
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L=1091.7-.695 (t-32°),

k

in which t is the temperature of boiling, and L the latent heat of
vaporization.
Saturated and Superheated Steam. Saturated steam is steam
whose temperature is due to its pressure, and is the kind of steam
always given off from a body of boiling water. It may be either
wet or dry, depending upon whether or not it contains particles
of water suspended in it. Superheated steam is steam which
is heated to a temperature above that due to its pressure. In
order to superheat steam, it must be done outside of the pressure of the water from which it was generated.
Quality of Steam. In general practice the steam given off
by a steam boiler contains more or less moisture. If it contains
no moisture, it is said to be dry, and the quality is 100 per cent,
but if it is wet, the amount of water in the steam is expressed
by the quality of the steam. Thus steam of a quality of 98.5 per
cent contains 1.5 per cent moisture. The amount of moisture
in the steam as given off by the boiler depends upon the design,
the kind of feed water used, and the degree to which the boiler is
forced.
Calorimeters. The apparatus used for determining the
amount of water in the steam is called a calorimeter. In its
earlier forms a barrel filled with water was used, but at the present
time modern calorimeters of the throttling or separator type are
used, especially if accuracy is essential.
When making boiler or engine tests, for the purpose of finding the efficiency and economy of the engine or boiler, it is very
important that the amount of water in the steam be known, because in the case of a boiler, if the amount of water in the steam
were not known, the efficiency of the boiler would appear
higher than it actually would be, because if a certain percentage
of the feed water is not evaporated the boiler does not give np
the whole amount of heat which is indicated by the number uf
pounds of feed water evaporated, the temperature of the feed,
and the pressure of the steam. In the case of a steam engine it is
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not fair to credit the engine with a certain steam consumption
unless it is known that all the steam flowing into the engine is dry
steam. Consequently it is of importance to know the general
methods in use for finding the moisture in the steam.
Barrel Calorimeter. The barrel calorimeter consists of a
wooden barrel placed upon a platform scale, as shown in Fig. 2.
The scales should weigh accurately to the quarter pound. Into
this barrel is led a pipe, either of iron or a piece of rubber hose,
from the main containing the steam to be tested. The barrel
should contain about 300 pounds of water, and when careful

removed. At the same time the temperature of the water and its
weight should be found. The necessary data is now obtained
for making the calculation of the quality of the steam. The
steam that enters is composed partly of dry steam and partly of
water, the percentage of which can be found from the formula:

70

1

4—

W(t,—t,)
wi

ti—t

in which Q is the quality of the steam, W is the weight of cold
water in the barrel at first ; w is the difference between the first and

Fig. 2
measurements are required it should be covered with a lagging
of good non-conducting material to prevent radiation.
In making the test for the quality of the steam the weight
of the water in the barrel should be closely determined and its
temperature taken, for which purpose an accurate Fahrenheit
thermometer should be used. Now blow steam through the pipe
into the air until all condensation is blown out of the pipe and the
pipe thoroughly heated. Then turn the current of steam into
the water in the barrel, keeping the end of the pipe near the bottom
of the barrel, so that all the steam will be condensed. While the
steam is being condensed the water should be thoroughly stirred
with a wooden paddle, so as to obtain a uniform temperature
throughout. When the temperature has risen to about. 110 degrees, the flow of steam should be stopped and the steam pipe

Fig. 3
last weights of water in the barrel; t 2 is the final temperature of
the water in the barrel; / 1 is the original temperature of the
water ; t is the temperature of the steam being tested, and can be
obtained from the steam table if the pressure is known; d is the
latent heat of the steam at the pressure in the steam pipe, which
also can be found in the steam table. The quantity Q will give
the quality of the steam in per cent.
Throttling Calorimeters. Fig. 3 shows a section through a
typical form of instrument . . Steam is drawn from the vertical
pipe by a nipple. It should be made of Finch pipe, and should
extend across the diameter of the steam pipe to within half
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an inch of the other side, being closed at the end and perforated with not less than twenty Finch holes equally distributed
along and around its cylindrical surface, but none of these boles
should be nearer than a 4 inch to the inner side of the steam pipe.
The calorimeter and the pipe leading to it should be well covered
with felting. These precautions should be taken with all forms
of calorimeters, so that a proper sample of the steam is obtained.
Having connected the calorimeter to the sampling pipe,
steam is led around the upper thermometer cup, then through a
hole about inch in diameter in the disc, as shown. It next
passes around the lower thermometer cup, after which it is permitted to escape. Thermometers are inserted in the cups, which
are filled with cylinder oil, and when the whole apparatus is
heated the temperature of the steam before and after passing
through the hole in the disc is noted.
The calculations are based upon the fact that when steam
passes from a higher to a lower temperature, as in this case, no
work is done in overcoming resistance, and, assuming that there
is no loss from radiation, the quantity of heat is exactly the same
after passing the disc as it was before. Suppose that the higher
steam pressure is 150 pounds by gage and the lower pressure that
of the atmosphere. The total beat in a pound of dry steam at the
former pressure is 1193.5 B. t u., and at the latter pressure
1146.6 B. t. u., difference 46.9 B. t. u. As this heat still exists
in the steam of lower pressure, its effect is to superheat that
steam. Assuming the steam to have been dry originally, and
knowing that the specific heat of steam is 0.48, the steam will then
be superheated 46.9-0.48=97.7 degrees. Suppose, however,
the steam had contained one per cent of moisture. Before any
superheating could occur this moisture would have to be evaporated into steam at atmospheric pressure. Since the latent. heat of
steam at. atmospheric pressure is 965.8 B. t. uu. , it follows that one
per cent of moisture would require 9.65 B. t. u. to evaporate it,
leaving only 46.9-9.6537.25 B. t. u. available for superheating; hence the superheat would be 37.25-4-0.48=77.6 degrees as
against 97.7 degrees if the steam were dry.
Based upon these principles, any amount of moisture in the
steam can be found.
Let H=total heat of steam at boiler pressure.
L=latent heat of steam at boiler pressure,

h=total heat of steam at reduced pressure after passing disc,
ti =temperature of saturated steam at reduced pressure,
t2 =temperature of steam after expanding through disc,
0.48=specific heat of saturated steam,
x=proport.ion of moisture in steam.
The difference between the beat units in a pound of steam at boiler
pressure and after passing the disc is the heat which must
evaporate the water in the steam and do the superheating; hence
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H—h=XL-0.48
Or,

X— H—h-0.48 (4-0
L
In most throttling calorimeters the lower pressure is taken
as that of the atmosphere, in which case h=1146.6 and 4=212;
hence the formula becomes

H-1146.6-0.48 (4-212)
L
In practical work the upper thermometer can be dispensed with
and an accurate steam gage used.
Napier's Law of the Flow of Steam into the Atmosphere.
When steam flows through an orifice into the atmosphere, such as
the hole in disc, Figs. 3 and 4, the amount of steam flowing
through is proportioned to the pressure of the steam and the
area of opening. Napier's approximate formula is as follows:
Pounds of steam per second= P.
70
in which p=absolute pressure in pounds per square inch and a=
area of orifice in square inches.
Separating Calorimeter. The separating calorimeter mechanically separates the entrained water from the steam and collects
it in a reservoir, as shown in Figs. 4 and 5. The steam flows out
of the calorimeter through an orifice of known size, so that either
its total amount can be calculated by the Napier formula, or it can
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be condensed and weighed. Fig. 4- shows one form of separator cal-

the principle of the ordinary and familiar steam separator. The
steam, freed thus of its moisture, passes up and out of the pipe C.
In this pipe is placed a diaphragm I), in which is drilled a hole
inch in diameter. At G is a pipe opening into the space connecting F and E, to which a steam gage may be attached.
The operation of this style of calorimeter is as follows:
The steam to be tested is admitted through the pipe F. As it
escapes from pipe C it should be led into a tank of cold water and
condensed. In beginning a test first blow steam through the calorimeter to heat it. Then turn the escaping steam into the condensing tank and note the level of the water in the gage glass A.
This water level should be kept constant during the test, which
can be done by d - awing it off as fast as it collects through the
cock A, this moisture being kept and carefully weighed at the
end of the test. When the steam has run for about half an hour,
the test is stopped by shutting off the steam, drawing off the water
in the gage to its original level, and weighing the steam condensed
in the tank. Then knowing the weight of steamW discharged from
C and condensed ; w, the weight of moisture drawn from chamber B; and the loss R due to radiation from the surface of the
calorimeter; we have for the quality of the steam
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orimeter that can be easily made. It consists of a main chamber
B, to which is attached a water gage A. Above this chamber B
are several other pipe connections. One of these, F, admits the
steam which is to be tested for moisture. It opens into E, which
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W+R
Q= W+2.0

Fig. 4

Fig. 5

is continued downward into chamber B, as shown by the dotted
lines. This pipe is perforated with a large number of holes about
. inch in diameter. The steam, entering at F, is deflected into
pipe E, and escapes into chamber B through the small holes, in
doing which the moisture is removed, and falls to the bottom of
chamber B. It is on this account that the name separating calorimeter has been applied to this instrument, since it acts upon

The radiation loss R is found by coupling another separator
calorimeter, just like the one shown, to the pipe C. The steam
leaving the first calorimeter and entering the second is dry steam,
so that any moisture which collects in the latter, called R in our
formula, is due to the condensing effect of the second instrument.
And since the two are alike it may be taken as the radiation loss
of the first also.
It may be that in some cases it would be very inconvenient
to condense the escaping steam. In such a case the amount of
steam escaping may be calculated according to the Napier formula
by taking the exact time during which steam flows, as well as the
steam pressure by gage at G.
Fig. 5 shows a separator calorimeter in which the readings
can be made directly on the gages A and B. Gage A shows the
number of ounces of water collected from the moisture in the
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steam, and gage B indicates not only the steam pressure but the
amount of steam flowing through orifice 0 in 10 minutes. The
steam flows through the steam pipe as shown, and is made to change
its direction in going through the calorimeter, the moisture being
thrown down in the interior chamber D, while the dry steam
flows through the outside chamber E and out through orifice 0.
The method of procedure is as follows: After the calorimeter is
connected, it should be carefully insulated and warmed up by
allowing steam to flow through it.. When the test is started the
gage hand A should be set to the level of water in D, which is
indicated on gage glass G. Steam should be allowed to flow for
10 minutes, when the level of water in D should again be found,
the difference in the level being the amount of moisture in the
steam passing through the calorimeter. The amount of dry steam
passing through 0 is indicated on gage B, which has been calibrated for all pressures. If, then, W represents the weight of dry
steam and w represents the weight of the moisture, then the quantity Q can be found from the formula:

wear away the turbine blades, which would cut down its efficiency. In an engine steam is admitted to the cylinder after the
metal has been cooled by the exhaust. The heat necessary to
bring the temperature from that of the exhaust to that of the
entering steam must be supplied by the entering steam with the
result that when saturated steam is used some of it must inevitably condense. This amount of condensation may run as high
as 20 to 30 per cent of the weight of the steam used. If, however,
an amount of heat could be brought with the steam sufficient to
warm the cylinder walls without condensing the steam, an amount
of steam very much less could be used. This can be done by
superheating.
Fuel Weeded for Superheating. The superheating of saturated steam naturally requires heat. Based upon the fact that
for every pound of saturated steam that is raised one degree,
0.48 B. t. n. is required, it can be calculated that the fuel used to
generate saturated steam must be increased by about the following percentages, in order to superheat the steam to the degreee
named :
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Q= W+w
Superheated steam is steam whose temperature exceeds that of saturated steam of the same pressure.
It is produced by adding additional heat to saturated steam which
has been removed from contact with the water from which it was
formed. Its properties approximate those of a perfect gas, and
it does not conduct heat as well as saturated steam.
There are several reasons why superheated steam is favored
in engineering. It is used because there is always a loss of heat
from radiation in steam pipes, and the heat so lost represents an
equivalent condensation when the pipe conveys saturated steam.
Superheated steam cannot condense ; it. must first lose all its superheat and be reduced to saturated steam. In consequence, if sufficiently superheated, it can lose the amount. of heat represented
by radiation from the steam pipes and at the same time reach
the engine perfectly dry.
In the steam turbine it is used because the energy in the
steam is transformed into velocity, in which case should there be
any moisture in the steam it. will have a tendency to corrode and
Superheated Steam.

of Superheat.
75°
11H1 0
1500
DOD

Degree

2500
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Additional Fuel Needed.
5%

7
11
15
20

In engineering practice it has not yet been definitely determined whether economy is effected by the use of superheat. It
depends to a large extent upon the design of the engine. In a
reciprocating engine the superheat which may be used to advantage
is limited by the design of the working parts, and any considerable
amount of superheat increases the difficulty of lubrication, and
causes trouble with the packings. With the steam turbine the use
of high superheat is not so limited, but the blades have a tendency to warp, due to the high temperature.
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REVIEW QUESTIONS.
HEAT.
1. What is the nature of heat ?
2. What are the sources of heat ?
3. How is heat measured ?
4. What is the difference between temperature and quantity of heat?
5. Explain the reasons why it requires a comparatively large amount
of heat to vaporize water.
6. What is a British thermal unit?
7. How many foot-pounds of work are equivalent to one British
thermal unit?
S. What is meant by an engine working in a cycle ?
9. Is a steam engine a heat engine?
10. What is the absolute zero of temperature, and of what. use is it in
making calculations for efficiency of heat engines?
11. Describe the difference between saturated and superheated steam.
12. What kind of steam is usually given off by a steam boiler?
13. What is a calorimeter?
14. Mention some of the different types of calorimeters in general use.
15. What is Napier's law ?
16. When would you use superheated. steam to replace saturated steam ?
17. Suppose steam was supplied to an engine at. 350 degrees Fahrenheit, and exhausted from the engine at 212 degrees, what would be its heat
efficiency ?
18. If in a sample of steam 100 pounds of steam were condensed for
every 2f pounds of water that was collected in the calorimeter, what per cent
of moisture would the steam contain ?
19. Suppose in a throttling calorimeter the initial pressure was 100
pounds absolute, and it was found that the steam was superheated 10 per
cent after it was expanded to atmospheric pressure, what per cent of moisture
would the steam contain ?
20. What precautions should be taken when using a barrel calorimeter?
21. Explain the difference between radiation, conduction, and convection.
22. Are there any substances that expand when they are solidified ?
23. How can superheated steam be changed to saturated steam ?
24. If a pound of good coal gives out 14,000 heat units. how many
foot-pounds of work would it give out if all the heat, was utilized ?

Fuels and Combustion.
COAL.

COALING STATION OF THE LAKE SHORE & MICHIGAN
SOUTHERN RAILROAD
Located at Wick, Ohio. Delivery is Made from Four ro-Ton Auxiliary
Scale Pockets. Total Storage, 500 Tons
(Link-Belt Company)

The vegetation that flourished on the earth in bygone ages,
long since buried and stored, has, after undergoing certain changes,
yielded to man the energy stored within itself and is now depended
upon universally in the conduct of business and manufacturing.
Long before man existed, the vegetable kingdom stored up carbon
in trunks, branches, stems, and roots. These fell into the water,
which made around them and were later covered by clay and sand
beds, excluding the air, which would have caused the disintegration of the carbon. In layers are found these deposits, and in such
quantity that, though we have been picking out the coal for long
years, yet by various soundings and borings we know that there is
still enough beneath the surface to last some generations.
Anthracite Coal is very nearly pure carbon ; some organic
matter is held with the carbon, and usually some hydrogen, oxygen,
nitrogen, and sulphur. T:sually there is little or no hydro-carbon,
that is, chemically combined hydrogen and carbon.
The anthracite from Pennsylvania is n standard type, while
there is a variety found in Rhode Island which is exceedingly
hard, almost as hard as graphite, being one of the amorphous
forms of carbon; it burns with some difficulty. Anthracite of a
good grade burns with but little smoke, if dry ; is hard, breaks
with a vitreous fracture ; makes a very hot fire, but is likely to
crack into small pieces when fired into a hot furnace, occasioning
some loss through the grate bars.
Bituminous Coal contains less fixed carbon than anthracite,
and correspondingly more volatile matter. Its chief distinguishing characteristic is its coking property. As the mass heats up,
after the volatile portions are drawn off, it is found to have swelled
up, taking on the new form. The coke so formed burns freely and
with intense beat. Coke for metallurgical and other purposes is
made in retorts where the by-products are illuminating gas, ammo79
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nia liquor, and coal tar, this latter compound yielding a variety of
substances, prominent among which are benzene, creosote, pitch,
aniline, and alizarine.
Semi-Anthracite and Semi-Bituminous coals are often referred to as grades lying between the two principal classes, and are
named according to which class each lies the nearer. Bituminous
coals are often further classified as follows:
Clean burning or dry, without caking.
Coking, rich in bitumen, which swells up and cakes—good
for gas distillation.
Long Flaming or Cannel, which may or may not cake.
Lignite, often referred to as brown coal, is probably of more
recent formation than coal proper, and can be considered only
in the light of a substitute where coal is unobtainable. It is
lighter than coal, and does not emit as much heat upon combustion.
Peat. In bogs the accumulation of roots, brandies, etc., continuing for some time, gives a fuel known as peat. It is cut out
in blocks, stacked up to dry, and in the absence of other fuel
becomes quite serviceable. As in the ease of lignite, it would
scarcely be considered for steaming purposes, except .where coal
cannot be had.
Slack. Hard coal is screened to separate the dust from the
coal proper. Several different• sizes of coal are sorted out and
named from furnace to rice, the names varying with locality, but
the refuse too small for use is often called slack. Some of the sizes
may be mentioned as follows: Furnace, egg, stove, nut, pea,
buckwheat, numbers are one, two, and three, and rice.
Some authorities refer to the larger screenings as rough slack,
the smaller as small slack. and the dust as doff or smudge.
Buckwheat is a favorite size for many, as it handles readily,
permits of a grate bar with openings large enough to secure a good
draft and yet not allow the fuel to waste.
In many cases buckwheat does not give out as many heat
units as average bituminous, hut the cost of the coal, where transportation allows, still makes it the cheaper fuel. As a general
thing, too, it will not permit of as much forcing as will soft coal,
but except for some special reason it is not a good thing to depend
upon forcing a boiler. Ratter increase the battery the necessary
amount to secure the desired steam. Buckwheat and soft coal are
sometimes mixed in proportions ranging all the way from one

third to two-thirds of the mixture or more, the exact proportions,
fitted to the steaming qualities, cost., etc., being arrived at quite
easily in any one plant. Among the points to be considered are
the heat units in each kind of coal, freight rates, steaming capacity, draft, etc.
Wood may be classed with peat and lignite, so far as steaming
properties are concerned. It is likely to have, when normally
dry, about one-fourth of its weight water ; it kindles quickly, and
when used in a boiler test to start a new fire may be figured as
from to of its weight in coal. Hard wood is often considered
as the equivalent of a little less than one ton of average coal per
cord of wood, while the soft woods may go to less than one-half
this amount. Some plants have a sufficient amount of sawdust,
shavings, and waste pieces to make all the steam used. The furnace
doors are ordinarily made large with accompanying mouthpiece, so
that the pieces of wood may be thrown in with as little labor as
possible. In a planing mill where a sufficient quantity of planer
shavings is made continuously, a very neat and profitable arrangement is to carry the shavings directly from the bonnets over the
planer cylinders to the boilers. There should, of course, be a
separator to allow the escape of such portion of the air blast as is
not necessary to throw the shavings across the grates without
cooling the fires by too much air overhead.
Charcoal is made by subjecting wood to heat, without allowing
access of air, which would cause it to burn. The volatile portions
are driven off and the remainder is nearly pure carbon. Charcoal
burns with a very clean, strong heat, and is useful in certain reductions, but is seldom thought of in connection with a boiler plant
as fuel.
Liquid Fuel. Usually this is some form of petroleum, and
is used by spraying it into the furnace, either by air or steam jet,
and gives an intense heat which is easily controlled. Unless special
precautions are taken, there will be a soot, tending to choke up
passages and tubes ; an elevated temperature, assisted by a form
of muffle and plenty of air, will reduce the difficulty, however.
The accompanying diagram, Fig. 1, represents an ordinary horizontal boiler ; an arch M made of the best fire brick is thrown over
in the furnace directly in front of the blast coming in through
the nozzle N. The arch acting as a muffle serves to render the
combustion more complete. For burning coal, some boilers
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have been set to advantage with an arch directly over the front
of the grate. The arch reflects heat on the green coal as fired,
helps to cake it and to rehder the combustion of the volatile products more complete.
Gaseous Fuel. In the fields of natural gas, or by the blast
furnaces of the iron districts, a boiler may be set to be operated
by these forms of heat to good advantage. As generators are now
set in " producer " plants, it is both desirable and economical to
lead the hot gases from the combustion chamber through a boiler,
thereby cooling the gases on their way to the holders, or directly
en route to the cylinders, if it be a suction plant, and securing a

Pressed Fuels. All sorts of combustible material may be
pressed into briquettes by the use of some bonding material, such
as tar, and thus serve to save fuel, which, where its cost is high,
would occasion a considerable loss.
Other fuels might be mentioned, such as bagasse, the refuse
of cane after extracting the juice, spent tan bark, straw, etc., but
their uses are local, and the question of efficiency as steam producers is not of moment. There is, of course, an importance
connected with the particular industry to which each waste product may lend an item of saving, but in many cases the question
is partly that of saving the cost of disposition of the waste, or some
other local question which is apart from the one of buying fuel
outright.
COMBUSTION.

By this term is meant in general the chemical combination
of oxygen with the various elements of the fuel, attended by the
evolution of heat ; in short, it is burning. In coal we find by
analysis carbon, hydrogen, oxygen, nitrogen, sulphur, and ash.

Fig. 1
source of steam for auxiliary purposes and for generating water
gas from time to time.
Alcohol, Gasoline, or Petrol, as the latter is sometimes called,
Kerosene
and
may be used in small units for the generation of

steam, though the question is one more of convenience than of
efficiency. The future of alcohol, denaturized, that is, containing
some poison rendering it unfit to use internally, is somewhat problematical, but at present looks promising_ . Alcohol,* sometimes
known as Spirits of Wine, may be made from a great variety of
vegetable growths; chemically, it is merely carbon two parts,
hydrogen six parts, and oxygen one part. In isolated districts,
with the excise tax removed, it may serve the small user of power
very acceptably, either in an explosive engine or to generate steam.
It burns with a great heat in a clean, blue flame.
* Chemically there are many alcohols; this one is ethyl alcohol,

1

Of these, certain portions are already in combination, as for instance in the ease of water, known chemically as H 2O, where two
parts of hydrogen are combined with one part of oxygen. Water
can be broken up by heat, but it would absorb a certain amount
of heat to do this, and the heat would be given back again only
when the hydrogen is burned. Carbon burns to two gases, carbon
monoxide, CO, that is, one atom of carbon combined with one of
oxygen, and also to CO„, carbon dioxide, more commonly known
as carbonic acid gas, in which one part by volume of carbon is
combined with two parts of oxygen.
Carbon monoxide may be further burned to carbon dioxide.
Hydrogen burns to H2O (water), and sulphur to SO 2
(sulphroacid),btemunofslphritca
so small that the heat liberated by this combustion is negligible.
Nitrogen acts as a diluent to the oxygen, and does not enter
into combination during the combustion. It carries away
a certain amount of heat, however, in passing through the fire.
Oxygen combines with the combustible elements in burning; it
is the element which supports life is we breathe it in from the air.
All coals leave a certain amount of ash or incombustible
residue. As ashes are raked out from the pit hot, they withdraw

R4
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a certain amount of otherwise useful heat, and thereby reduce
the efficiency proportionally; then, too, they serve to make trouble
above the grate bars in forming clinker.
Atmospheric Air is composed of oxygen and nitrogen mechanically mixed in the ratio of nearly four parts of nitrogen to one of
oxygen. The atomic weight of nitrogen is 14 and of oxygen 16,
hence the mixture of the two is sensibly uniform at all times. It
may be noted in passing that, although the air is considered as
constituted as above stated, there is a difference between the weight
of nitrogen obtained from air by extracting the oxygen and that
obtained from ammonia. Lord Rayleigh and W. Ramsay have
demonstrated that nitrogen obtained from the air contains about
one per cent of argon, a heavier substance. It does not seem to
influence combustion, however, and as it is present in so small an
amount, may for practical purposes be disregarded. Surely we
know that some other errors are greater than this. Some other
gases are present in air, but they are even less in amount than the
argon.

meaning such portion as is not distilled off as smoke or vapor by
the heat of the fire. A " proximate analysis " gives

COMPOSITION OF FUELS IN PER CENTS.
Mahler gives a table from which the following figures were
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60-65
47.4
90-95

3.5
1-2
1-2
1-2
1
1-3
6.9
0.3-0.5
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24
3-6
4-5
5-6
5
24-26
39.8
2-3

eAwluAt
Didoos

.

Cannel ..............
Lignite
Norwegian Pine
Coke

1-2
2-3
4-5
4-5
5
4-5
5.6
0.4.0.7

-0:12-C11

-

Bituminous,

86-87
82-85
85-88
82-84

utao.m
Puu
tiogSxo

Anthracite

Semi-anthracite
Semi bituminous

us2
-atTLCH

tto gaso

Kind of Coal

Per eent
volatile
matter exclusive of
Water an d
ash

obtained:

2-3
5-6
11-14
20-22
32
49-51
68.9
68.9

Other writers quote figures showing that from Anthracite
the carbon falls off until in Bituminous we have only in the neighborhood of 60 per cent. Often the " fixed carbon " is quoted,
* Not the water that the coal would hold, as for instance, after being
wet with hose, but rather that taken up from the air by dry coal.

Water,
Volatile matter,
Fixed carbon,
Ash,

while an " ultimate analysis " gives the proportions of the several
elements in the fuel. As we shall see later, the carbon which is
burned is the chief source of heat in coal, and, therefore, when we
have a proximate analysis before us we can judge well of the commercial value of the sample. In an ultimate analysis some sulphur
is in the ash, hence volatile sulphur is reported separately. It is
obvious that for the purposes of a boiler test the total sulphur is
not of as much interest as is the part that enters into the combustion.
Mechanical Mixture. If a pile of sulphur and copper filings
were well stirred, the particles of each could be separated by the
exercise of great patience, aided perhaps by a magnifying glass.
Here the mixture would be called mechanical or physical.
Chemical Compound. If now we apply heat to our pile of
copper filings and sulphur, the mass will fuse and glow and we
cannot distinguish either copper or sulphur, even with a strong
glass. We have a new compound, namely, sulphide of copper.
When we burn coal, we are making new chemical compounds,
partly by the combination of simple elements, such as carbon and
oxygen, and partly by breaking down combinations and forming
others. The various elements combine with one another in response to well-defined laws, and the proportions of each are multiples of their atomic weights, the atomic weight being with reference to hydrogen, which is thus far the lightest known substance.
For example, water is H2O, that is, two volumes of hydrogen
and one of oxygen; assuming II (hydrogen)=1, then 0 (oxygen)
=16. Hence the molecule of water is (2X1)+18=18 times as
heavy as an atom of hydrogen. Again, when carbon and oxygen
combine to form carbonic acid gas or 00 2, we have 1 volume of
carbon, or 12 parts by weight unite with 2 volumes of oxygen, or
32 parts by weight making 12+32=44, the molecular weight of
the CO 2 gas. If the carbon is brought into contact with more
oxygen under the same circumstances, it will not take up any

RR
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or Density.
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CO,
-
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U,0
CO

CO CO .11 "
CA

Water
Carbon Monoxide
*Carbon Dioxide
Air
Ash
-

178.881
. . . . . .
12.7561
11.2070

Water, 3 pounds
60° F.
Initial Temperature,
65° F.
Final Temperature,

0.005590 3.409
0.07837
0.08928

0.2438
0.2175

00

H
C
N
0
S

-

caGD CA

-

Hydrogen
Carbon
Nitrogen
Oxygen
Sulphur

0 ,.d

Chemical Symbol
:or Letter.

Molecula r
Weight.

grade to 16°. The heat evolved in the combustion of fuel is commonly expressed in one of the above units; experimentally, it is
found by burning a given weight of the fuel in some form of
calorimeter, a device which is so arranged as to allow an amount
of water to be heated by the combustion. One form of calorimeter
is a bomb, made in halves, allowing the fuel to be placed within,
then igniting it while surrounded by oxygen under pressure. If
the bomb be placed in a vessel containing water, the initial and
final temperatures may be taken, when, knowing the weight of
water, the I3.t.u. may be determined. For instance, assume

Atom ic
Weight.

more. If it does not find as much as this, it will form CO or
carbon monoxide, or 12+16=28 parts by weight. But this same
CO gas would, if presented with a supply of oxygen, burn into
CO2 gas, as CO +0=28+16=44. Only about one-third the
heat is generated when C burns to CO as when C burns to 00 2 ;
hence it is important in a boiler to have sufficient air for complete
combustion.
Ellt910 Wall
❑gpads
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0.4805 II
12.81
0.07806 0.2450
8.10324 0.12341 0.2169
12.3909 0.08071 0.2375
0.2t

II Superheated steam.
f Solid state.
The figures in this column are given in round numbers. The exact
values vary slightly in some cases.
Temperature 32° F., atmospheric pressure.
* Another name fur carbonic avid gas.
HEAT OF COMBUSTION.

A British thermal unit, written for brevity B.t.u., is
defined as the amount of heat necessary to raise a pound of water
one degree on the Fahrenheit. scale ; or more exactly, is the heat
necessary to mi•t:. the temperature of one pound of water from
62° F. to 63° F., the specific heat of water being at this point
unity. The Calorie is the French unit and is the heat necessary
to raise the temperature of one kilogram of water from 15° Centi-

Then (65-60) X3=15 B.t.u.
A correction must be applied for the metal of the calorimeter
itself, and this is previously determined by experiment. The
inside of the bomb should be plated with gold to resist chemical
action, while the bomb should be of wrought iron or high grade gunmetal to withstand the pressure. The charge is ignited by an
electric current. Many experiments are necessary in the actual
manipulation of such a piece of apparatus; for example, the charge
is relatively small, so that the actual rise in temperature is necessarily read by means of a thermometer with a very fine bore ; and
the water in the calorimeter must be properly circulated that the
temperature read may represent the true one. A correction should
be made for radiation also. Thus it will be seen that the work is
to be performed in a laboratory and by a physicist rather than
by an engineer.

A form of calorimeter has been devised where the operation
is more simple than in the case of the bomb, the source of oxygen
for the combustion being some compound which will liberate it,
not too fast, but suitably to complete the combustion;* sodium
peroxide is an example. Many large industrial concerns having
laboratories are installing such calorimeters, and are requiring
that all cargoes of coal shall not fall below a certain number of
B.t.u. to the pound.
*Chlorate of potash and nirrate of potash mixed are also used. The
chlorate should be used with caution, however, as it liberates oxygen very readily.
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The following table, quoted from Peabody & Miller, gives
values for the heat evolved in several different cases:

to the results obtained by experiment with the calorimeter. Unfortunately, however, carbon and hydrogen, for example, seldom
exist entirely independent of each other in coal, so that we are in
error when we assume that they burn as simple elements. It is
of value, however, to be able to predict results from analysis, and
a discussion of the computations is given.
Dulong proposed that the following formula be used:
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62100 B.t.u.
14650 "
4400 66
4393 64
23513
21343
4032

1 lb. Hydrogen burned to 1I,0
" CO,
"
" Carbon
" CO
Carbon
"
col
41 co
Sf
H20 & 002
Marsh gas "
iC
R
C4
C4
11
Olefiant gas "
44
Sulphur " "
"SO, "

When CO is formed we have
C-}-O=CO, that is by weight,
12+16=28, or for one pound of 0
28

=2.33-I-lbs. CO.

1 lb. C burned to CO2 =14,650 B.t.u.
1 lb. C burned to CO=4,400 B.t.u.
Hence, as one pound of C forms 2.33+ pounds CO, then when 1.
pound of CO burns to CO 2 we shall have

14650-44°°
2i

=4393

B.t.u.

Of course, if the CO, which is the product of burning one
pound of carbon, (forming 24 pounds of CO) is burned to 00 2,
then the difference between 14,650 and 4,400, or 10,250 B.t.u.,
will be liberated.
To calculate the heat of combustion we can take each of the
component parts of the fuel, and, knowing what the products of
combustion are, find the heat produced by each; the sum of these
parts will represent the total heat. For example, if we have one
pound of a mixture of phosphorous* and carbon, 70 per cent of
the former and 30 per cent of the latter, then will the total heat be
0.70X13,500+0.30X14,650=13,845
So far as we know or can analyze the action of the combustion, we can come very close in the above method of computation
*1 pound of phosphorous liberates 13,500 B.t.u.
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14,650C +62,100 (H—I0) =total heat.
Here C, H, and 0 are the weights of these several elements in one
pound of the fuel, and not as heretofore used in the chemical
formula. This formula assumes that the oxygen in the fuel unites
inertly with so much of the hydrogen as is necessary to make H 2O,
or water, and this is from the atomic weights and atoms of each in
a molecule of water
2 X 116=-Ir
Hence, one-eighth of the weight of the oxygen is taken from the
hydrogen, and the remainder assumed to burn independently and
with the evolution of sensible and useful heat. The results of this
equation are likely to be somewhat in error. Mahler has given
an equation
14,650C+62,100H-5,400(0+N)=heat in B.t.u.,
where the letters represent as before the weights of the several element s in one pound of fuel.
A certain coal analysis is as follows:
C=7F1.53 per cent.
11= 5.61 " "
N. 1.00 "
S. 1.11 "
0= 9.69 "
As1t. 4.03 "

€1
I'
66
'4

By Dulong's formula the heat would be
14,650 X 0.7853 +62,100 (0.0561- 0.0869 )—14,240 B.t.u.
}
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Mahler's formula gives for the same sample

nitrogen is entirely inert and dilutes the oxygen. If the carbon is
16
burned to CO then we shall need 12
— =1.33 pounds of oxygen per
1.33
pound of carbon, or 0 23 =5.8 pounds of air.
Marsh Gas, 0114 burns to 002, and H2O.

14,650 X 0.7853+62,100 X0.0561-5,400 X (0.0969
+0.0100)=14,112 B.t.u.
By experiment the heat was found to be 14,868 B.t.u.

CH +40=002 +2 1120.

In the foregoing the sulphur was ignored; this would have
amounted to 0.0111 X 4,032=44.8 B.t.u., which added to the
units as above computed would make.

To burn this will require
4 x 16
12-144x 1)

14,240+45=14,285....Dulong.

14,412 + 45=14,457 . . Mahler.

=4 pounds oxygen per pound. C He
or 4+0.23=17.4 pounds air.

The calculated heat of combustion would be*
12 x 1)
j.
12+(4
x 14,650 +

It may be remarked that the sulphur is rather high in this case
for good coal ; very often it goes below one per cent.
That one formula gives a result nearer the experimental figure than the other is not to be taken as of any great significance

4x1
x 62,100=26,510 B.t.u.
12+ (4 x 1)

Olefiant Gas, C2H 4 burns to 002 and H2O.
02114 +6 0=2 1120+2 002.

as to the merit of one over the other. In the long run Dulong's
formula gives results which are useful in securing some general
notion of the heat of a sample, where an analysis is available, but
where no calorimeter test is made. For data in computing a boiler
test, recourse should always be had to the calorimetric determination of the B.t . .u. in the coal used.
Air for Combustion. As previously stated, the ratio of 0 to
N in the atmosphere is very nearly 1 to 4 by volume. By weight
it is about 23 to 77.* As explained previously, the argon may be
left out of consideration.
One pound of hydrogen requires for its combustion to water
-V or 8 pounds 0. As the air is 23 per cent 0 by weight, then will

6 x 16
(2 x 12)+{4 x lr

3.43 pounds oxygen,

or 3.43+0.23=14.9 pounds air.

The heat evolved would be
4x1
(2 x 12\ + (4 x 1)

x 62,100+(2

2 x 12
x 14,650=21.430 B.
x 1) + (4 x 1)

t.u.
Sulphur burns to sulphurous anhydride (50 2

one pound of H require -co =34.8 pounds of air. One pound
of carbon requires for its combustion to carbonic acid gas, CO 2,
2X1612=2.67 pounds of oxygen, and as above this is 2.67-:0.23=11.6 pounds of air, meaning, of course, that to burn the
carbon completely there must be furnished at least 11.6 pounds
of air in order to supply the oxygen for the combustion. The
*A more exact ratio is 0.232 to 0.768.
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5+20=502
2x 16
w =1 pound oxygen per pound S

•

10.23=4.35 pounds air.
* Disregarding the heat due to the methane:
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Substance to be burned.
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8 re

Wig"' *
Hydrogen (H)
Carbon (C)
Carbon (C)
CO
Marsh Gas (CH 4)
Olefiant Gas (02114)
Sulphur (S)

1
12
12
28
16
28
32

H2 O
CO
CO2
CO2
CO2 & H2O
CO2 & H2O
SO2

8.0
1.33
2.67
0.57
4.00
3.43
1.0

34.8
5.8
11.6
2.5
17.4
14.9
4.4

;1,/

.=

8

62,100
4,400
14,650
4,393
26,5101
21,430f
4,032

A convenient figure for general use is, that one pound of
carbon requires 12 pounds of air, and it is arrived at as follows:
Assuming that the atmosphere is composed of one volume of oxygen to four of nitrogen, and remembering that with the atomic
weight of hydrogen 1, oxygen is 16 and nitrogen is 14, to find the
amount of air necessary to yield one pound of oxygen we shall
have the following:
.

(16X1)+(14X4)_ 41•
(16X1)
We have already found that in burning one pound of carbon 22
pounds of oxygen are necessary, so that the air necessary to burn
one pound of carbon will be 4j X23=12 pounds, as above stated.
Eight pounds of oxygen are necessary to burn one pound of hydrogen, hence the air to furnish this amount of oxygen will be 8X41
=36 pounds. We have already seen that the greater part of the
heat evolved in the combustion of coal is due to the carbon, and
next comes the hydrogen. Sulphur is not desirable, but even if
present adds but little to the heat units.
Even though it may not be extremely accurate, the formula
of Dulong is convenient for an estimation of the value of a sample,
and, combined with the constants just calculated, forms a ready
means of computation, as for instance for the air per pound of
fuel. The formula would read then

*Using the proportions of 0 Sc N as 0.23 and 0.77.
t Calculated by formula.

12 0+36
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0)=pounds air per pound of fuel.

C is taken as the amount of carbon in a pound of fuel, H similarly for the hydrogen, 0 similarly for the oxygen; and the formula assumes that of the combined hydrogen and oxygen each
pound of the latter renders one-eighth of a pound of the hydrogen
inert. A certain coal is analyzed as follows:
Carbon, 81.0 per cent.
Hydrogen, 5.0 per cent
Oxygen, 4.0 per cent.

Then applying the formula we shall have
0. 04
12X0.81+36 (0.05-8---)=11.34 pounds air per pound of coal.
This is, of course, but a rough-and-ready method, and the results
must be used accordingly.
We may further apply this method to 011 4, Marsh gas, which
is composed as follows:
12
carbon
12+ (4X 1)
4X1
—1 hydrogen
12+(4X1)

IX12-FiX36 ,-- 18 pounds air,
while by the previous method we found that but 17.4 pounds were
necessary.
Excess of Air. When green (fresh) coal is thrown on the
fire there is an immediate distillation of the volatile portions of
the coal, together with the formation of more or less carbon monoxide (CO), all of which pass over into the combustion chamber.
It has been found in practice that more air must be admitted than
that which is absolutely necessary for complete combustion, so
that these various gases may be burned before leaving the boiler.
The amount of this additional supply varies from one-half to an
amount equal to the supply as figured. It necessitates heating
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up so much the more air, which, escaping up the stack, takes away
a certain amount of heat, but usually this loss is less than would
be occasioned by incomplete combustion.
Upon reference to the table it will be seen that carbon burned
to CO, gives off 14,650 B.t.u., while burned to CO but 4,400
B.t.u. are liberated. The question of smoke is largely regulated
by this matter of air supply as well ; to be sure the stoking is the
prime factor, quite as much in fact as the question of fuel, that
is at least, considering the soft coals in general. Anthracite coal
gives little or no smoke, even if badly fired ; there may be a considerable waste, but so there is with soft coal if it is dropped
through the grate bars. Even though it contains a large proportion
of fixed carbon, there are gases which should be burned in the
combustion chamber. With the soft coals there are the gases as
well, but in addition are the unfixed portions of the carbon which
add to the smoke, particularly if a large amount of coal is fired
in one charge, and then the fire vigorously sliced. Of course, it
is detrimental to leave the fire doors open too long, or what amounts
to the same thing to open them too often, for the cool air admitted
chills the Ere and interferes with the steaming; but, nevertheless,
thin, even firing, or firing one door of the furnace, that is, for
example, firing the left-hand doors, then the right-hand doors, gives
much better results than filling up a furnace all at once. In such
a case, the volatile gases have a chance to be heated up by the
bright side of the fire and there burned.
On the foregoing basis we should furnish air as follows:

If a pipe of known area be fitted over the ashpit doors,
removable, of course, to allow for cleaning the ashes out, and the
air velocity found by means of an anemometer, the quantity of air
can be found for the given temperatures. Perfect gases obey the
law
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Normal

50% excess

pv
T

Volume of Air. In the ease of any fluid flowing through an
opening or a pipe, if we know the area of the opening and the
velocity of the current, we can calculate the quantity flowing in
a unit of time. Air currents are measured by anemometers, which
are usually instruments fitted with revolving vanes, the speed of
the revolution being proportional to the velocity of the current.
These instruments must be carefully calibrated and then are subject to corrections for the different speeds.

—

where p=pressure,
v=volume at the given pressure,
T=absolute temperature corresponding,
c=constant,
and p1v1 and T, any other set of pressure, volume, and temperature determinations.
T is found by adding to the observed temperature on the
Fahrenheit scale the constant 460.7; that is, the absolute zero is
492.7° below the freezing point of water on the Fahrenheit scale.
On the Centigrade scale it would be —273.7°. If then, from the
tablet showing specific volumes we take air=--12.3909, this means
that at 32° F. and under an absolute pressure of 14.7 pounds per
square inch one pound of air will occupy 12.3909 cubic feet, or
one cubic foot of air will weigh 0.08071 pound. To find the volume of the pound of air at, for instance, 65° F. we have
14.7X12.3909
32+460.7

.11.7X v,

65+460.7
v1 =13.22 cubic feet.

I00 % excess

12 pounds 18 pounds 24 pounds
Carbon
Hydrogen 36 pounds 54 pounds 72 pounds

piv,

In the above the pressure of the atmosphere is taken as 14.7,
and, of course, appears on both sides of the equation. If the final
pressure were changed, that is, if the barometer reading showed
another pressure and the refinement were necessary, the pressure
should be used accordingly.
To find the atmospheric pressure from the barometer reading, multiply the latter in inches by 0.491, the weight of a cubic
inch of mercury. When the barometer height is 29.96 inches,
then 29.98X0.491=14.7 pounds per square inch nearly.
* P 86
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At 60° F. the volume of one pound of air is very nearly 13
cubic feet, this figure being close enough for approximations; in
the case of the coal, where it. was found to require 11.34 pounds
of air per pound of coal, we should have 11.34X 13=147.4 cubic
feet of air, or with 100 per cent excess 2X147.4=294.8 cubic
feet. Suppose we wish to find the weight and volume of air, allowing 100 per cent excess for this same coal; barometer, 30.3 inches,
temperature of air, 75° F.

all these gases, including water vapor or steam and the compounds
of carbon and hydrogen, would be interesting, still such an analysis would be attended with many difficulties, and to be of value
should be made with considerable refinement. As the conditions
of the fire are constantly changing, a single determination is not
of much value. When the fresh coal is fired there is, of course,
an inrush of air while the doors are open; then the volatile matters,
such as pass off in the smoke, are thick. When the charge of coal
has burned for a while, the more stable portions of the fuel give off
the more regular products of combustion. Again, when the fire is
sliced still other conditions come, so that, in order to be able to
draw any conclusions from our analysis, we must have many samples, drawn successively as the conditions vary. As the combustion is well determined by the relative amounts of carbonic acid
gas, carbon monoxide, and free oxygen, a device known as the
Orsat Gas Apparatus has been constructed, enabling the speedy
and accurate determination of the above-mentioned gases. Its
action depends upon the power of certain solutions to absorb the
gases in question.
Caustic potash solution absorbs carbonic acid; pyrogenic acid
and caustic potash, together in solution forming pyrogallate of
potash, absorb oxygen; and chloride of copper dissolved in hydrochloric (muriatic) acid absorbs carbon monoxide.
The apparatus is mounted in a neat wooden case, whose sides
are removable, so that while it may be readily carried from place
to place with the glassware within properly protected, the parts
may be made entirely accessible when working with it. It consists chiefly of three receptacles (see Fig. 2), A, B, and C containing respectively the solutions of caustic potash, pyrogallate of
potash, and copper chloride in hydrochloric acid. Each receptacle is of glass, and is connected at the bottom by an inverted
siphon with another similar receptacle. A, 13, and respectively,
of equal volume ; these have at the tops a stopper and nipple
carrying a rubber bag, tight except where drawn over the nipple
and capable of receiving the contents of the glass receptacle to
which each is attached, then allowing these contents to flow back
when the pressures permit. The receptacles A, B, and C may be
connected with the leading tube D through which (and controlled
by the three-way cock E) comes the gas to be analyzed. R is a
burette, graduated and marked with 100 divisions, enabling per
7

Coal Analysis.
Carbon
Hydrogen
Oxygen

81.0 per cent.
5.0 per cent.
4.0 per cent.

Assuming that the oxygen combines directly with one-eighth
0.04
of its weight of the hydrogen, there will remain 0.05—
=
8

0.045 pound of hydrogen from each pound of fuel, to which oxygen
must be supplied from the air. Each pound of carbon requires
2i pounds of oxygen and the hydrogen 8 pounds, so that the oxygen
per pound of the coal chosen will be (0.81 X21)±(0.045X8)=
2.523 pounds, but as air contains by weight 23.2 per cent of
oxygen, we shall need 2.523-0.232=10.88 pounds. With 100
per cent excess we shall have 21.78 pounds air at 32° F. and at
14.7 pounds per square inch pressure.
At 30.3 inches the air pressure is 30.3X0.491=14.9 pounds
per square inch, nearly. Then the volume at this pressure and a
temperature of 75° F., the volume at 32° F. being 21.76X12.39
=269.6 cubic feet, is found as follows:
14.7X269.6
14.9Xv1
492.7
— 535.7
v,=-290 cubic feet, nearly.
Analysis of Flue Gas. It is both useful and important to
know what gases are escaping through the stack, and sometimes
to know about the gases directly over the fire, in the combustion
chamber, or at other points. While a complete analysis showing
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cents to be read directly. F is a bottle connected with the bottom of
the burette by means of a flexible rubber tube, this latter being provided with a pinch clamp h. Ordinarily, the bottle F is filled
with water, although should it be desired to determine the water
vapor in the gas mixture some other fluid could be used in F.
The several solutions, as already noted, are placed in the proper
receptacles A, B, and C, filling them up to the marks a, b, and c
on the narrow stems, and the cocks connecting with D are closed.
Open the three-way cock E to the atmosphere, and, raising

burette B slightly below the 0 mark, and allowed to stand about
two minutes for the sides to drain. Then the bottle F should be
raised, the cock E being open to the air until the surface of the
water in F is brought level with the surface of the water in the
burette at the zero mark. The cock E is closed, and being assured
that the pressure in R is the same as the atmosphere, the bottle
F raised, the valve a being now opened, forcing the sample into
A. As A contains a number of glass tubes open at both ends,
a considerable amount of the caustic potash solution is held on
the large amount of surface presented, while the body of the
solution is forced into A, the air formerly in A entering and distending the flexible rubber bag attached to its upper end. It is
advisable to raise and lower F several times to circulate the sample thoroughly, ensuring the complete absorption of the CO,.
Care should be taken in forcing the sample into each of the pipettes
A, B, and C to raise the water level in R uniformly to the reference point p in the narrow part of the stem. Three minutes should
be sufficient to allow for the absorption of the CO, by the caustic
potash, with the above-mentioned precaution, when the sample can
be drawn back into R by lowering F; before closing the cock connecting with A, the level of the water in R should be read, holding
the pressure bottle F beside B so that the two levels agree. The
pressure of the gas is thus not influenced by the water column,
while if F were allowed to be held lower than the water level in
R, or, what would be more easy of occurrence, placed on the table,
then would the water column in R tend to attenuate the gas, making
an apparent increase in its volume ; or, if F should be placed above
the level in R, a compression would follow. The difference between
the reading taken and 100 indicates the per cent of CO, gas.
Repeating the process for the determination of oxygen with
pipette B, we can find the latter by taking the difference between
the final reading in this case and that in the first, this giving the
per cent of oxygen. The absorption of oxygen by pyrogallate of
potash is slower than that of CO, by caustic potash, and it is advisable to circulate the gas freely. In any such work it is often wise
to take a reading, and then repeat the operation after allowing
some further time for the gas to be absorbed. After a few trials
of this kind the readings will agree more and more closely until
at last the result may be depended upon.
The determination of carbon monoxide by absorption in the
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Fig. 2
ORSAT GAS ANALYSIS APPARATUS DIAGRAM.

the bottle F, the clamp h being released, allow the water to run
into R, filling it to the point p in the narrow tube. Turn E to
connect with the flue, when upon lowering F the sample will be
drawn into R, following the water as it falls. It is usually better
to have a sample of the flue gas drawn into some form of reservoir
which may be easily constructed by the aid of a few large bottles
or flasks; for the flue gases are hot, and the results would be in
error if the temperature changed during the determination. Drawing the sample into an independent receiver allows it to arrive at
the temperature of the room before manipulating it. When the
pressure bottle F is lowered it should bring the water level in the

▪▪
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chloride of copper solution is similar to the foregoing, the amount
being the difference between the final reading in the oxygen determination and the last reading in this case. The solutions are made
up as follows:
A. Caustic potash 1 part; water 2 parts.
B. Pyrogallic acid 1 gramme; caustic potash 25 c.c.
C. Chloride of copper dissolved in hydrochloric acid to saturation. The acid should have a specific gravity of 1.A.
One cubic inch of each of the reagents used should absorb
the following amounts of the several gases:

gases in one hundred cubic feet of flue gas, we shall have for the
weights in each case the volume multiplied by the density.

Caustic potash
Pyrogallate of potash
Chloride of copper

Carbonic acid gas
Oxygen
Carbon monoxide

Now, by composition, carbonic acid gas is CO 2, that is, one
part carbon and two parts oxygen; as the atomic weight of carbon
is 12, and of oxygen 16, then in one pound of CO. we shall have:

40 cubic inches CO,
22 "
" 0
6 ic
44
CO

16 X 2
or 0.7272+pound of oxygen,
12+(16X2)
12

As before stated, samples of the gases should be taken from
several different places; for instance, combustion chamber, bonnet,
uptake, and stack. Not only can the completeness of the combustion be determined, but leakage of air as well, for the free
oxygen will increase in such a case. Carbon monoxide, if present
in any quantity, indicates incomplete combustion, although a trace
of it may not be of importance.

12+(16X2) or 0.2727+pound of carbon..
In one pound of CO we shall have similarly,
16
or 0.5714+pound oxygen,
1.+16
and

CALCULATION OF AM,.

IC certain eoal has the following analysis:

Carbon
Hydrogen
Oxygen

10.86 X0.12341.1.3402
8.19X0.08928=0.7312
0.18 X 0.07806. 0.01249

81 per cent.
5 per cent.
4 per cent.

And an analysis by means of Corset's apparatus gives the following figures:

12
or 0.4285+pound carbon.
12+16
The total oxygen, therefore, as found by the analysis, will be

0.7272X1.3402 =0.9747 from the CO 2
0.5714X29=fromtheCO
0.7312 the free 0
1.7130 lbs. oxygen
and similarly we may find the carbon,

Carbonic acid gas
Oxygen
Carbon monoxide

10.86 per cent.
8.19 per cent.
0.16 per cent.

Then, using these percentages as cubic feet of the ffeveral

0.2727X1.3402 =0.3655 from the CO2
0.4285X0.012490.0054 from the 00
0.3709
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Then as air is 0.232 oxygen by weight, we shall need
1.713
—19.91 pounds of air per pound of carbon.
0.232X0.3709

This method takes account only of the CO,, CO, and free 0.
The combinations of H and 0 with unburned volatile matter
pass off together with the nitrogen.
As this coal contains 81 per cent carbon we shall need 0.81
X19.9=18.1 pounds of air to consume the carbon in one pound
of coal. To find the air necessary to take care of the hydrogen,
assuming that the oxygen in the coal combines with one-eighth of
its weight of hydrogen, and that 36 pounds of air are necessary
to take care of each pound of hydrogen, we have the following:
0.04
36(0.05--)-=1.6 pounds of air to take care of the hydrogen
8
in this coal. The total air, therefore, per pound of coal is: 16.1
+1.6=17.7 pounds.
The foregoing solution may be effected by use of the vapor
densities, so called. The vapor density is one-half the molecular
weight, the atom of hydrogen being taken as unity.
The molecular weight of CO is 12+16=28, and its vapor
density is, therefore,
28 _ 14 .
2—
while for CO, it is
12+(2X16)_
22.
2
'Using the analysis as before, namely, that. in 100 cubic feet
of our flue gas we have
CO,
O

CO

10.86 cubic feet.
8.19 "
"
0.16 "
"
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we have the following weight, referred to hydrogen as unity:
10.86 X 22=239
8.19X16=131
0.16X14= 2
372
We have already found that one pound of CO, contains
0.7272 pound 0, and one pound CO contains 0.5714 pound 0.
From the above we shall have 239X0.7272= 174 pounds oxygen in the carbonic acid gas, and 2X0.5714=1+pound oxygen
in the carbon monoxide, or a total of 174+1=175 pounds oxygen.
The carbon will then be 372-175-131=66 pounds, or, to
check using the fractional form of the proportions of carbon in
the CO, and CO,
3
11

—

239-65

7 x2x

1
66

Dividing the weight of oxygen by the weight of carbon, we
have 174+1+1314.
636 + pounds.
66
As before, to find the air necessary to furnish this amount
of oxygen, divide by 0.232.
4.636 =19.98 pounds of air.
0.232
agreeing very closely with the result obtained by the other method.
Losses. All combustible volatile matter passing out in an
unburned condition gives rise to a loss of heat, and the imperfect
combustion of carbon into carbon monoxide is a still further loss.
Even though the CO be as small an amount as previously quoted,
namely, sixteen-one-hundredths of one per cent, still the loss is
a considerale amount expressed in heat units. The analysis referred to shows:
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10.86 per cent.
8.19 4.
0.16 "

this extra air, and particularly because of the fact that about t
of the air is nitrogen, which cannot be of service in producing heat,
we are likely to have our loss on this account no small amount.
Let us take again our sample of coal where the analysis was
as follows:
0=78.53
H= 5.61
N. 1.00
8= 1.11
0= 9.69
Ash= 4.03

it

Then the carbon per hundred pounds would be, using the
fractional parts of carbon in CO., as Tar and of carbon in CO as
1-, and remembering that the vapor densities of CO„ and CO are
22 and 14 respectively:

f1

105

10.86 x 22=65 parts C in the CO2
3
-7 x 0.16 x 14=1 part C in the CO
66 parts C altogether..

We know that we cannot get along with the bare amount of
air as figured to be just necessary to supply the oxygen called
for, -so that for the present we shall assume that we are doubling
this amount. Further, owing to the uncertainty of its action, we
shall omit reference to the sulphur and the ash. To include these
would but complicate the problem, and surely there cannot be very
much importance attached to the sulphur in this regard. We
know that three and two-thirds pounds of carbonic acid gas are
produced by one pound of carbon, and when hydrogen and oxygen
unite to form water, we can see from the symbol, 11 20, that two
parts of hydrogen unite with 16 parts by weight (see table of
atomic weights) * of oxygen, or, in other words, one pound of
hydrogen produces nine pounds of water. Then we shall have
in the case of the coal in question

If we burn 65 pounds of carbon to CO, we shall liberate 65 X
14,650=952,250 B.t.u., and 1 pound of carbon burned to CO
will yield 1X4,400=4,400 B.t.u., a total of 952,250+4,400=
U56,650 B.t.u.; while if all the carbon had been burned to CO„
we should have had 66X14,650=966,900 B.t.u. The per cent
of loss due to this incomplete combustion is then
966900-956650
x 100=1
966900

But one per cent is a considerable amount, particularly in the
case mentioned, where the test showed that the boiler was developing a little more than one thousand horse power, burning about
3,280 pounds of coal per hour. It would have been better to keep
out even this small loss; but, considering the fact that the boiler,
of the water-tube variety, or at least depending upon water tubes
for the greater part of its evaporating surface, was developing a
horse power, A. S. M. E. standard, for 5.52 square feet of heating
surface, and was pushed, it may he said that this amount of CO
was low.

30(0.7853=2.880 pounds CO,
0X0.0561=0.505 pounds H2O
Assuming air to be 23 per cent 0 by weight, and knowing that
8 pounds 0 combine with 1 pound H, we have 34.8 pounds
of air necessary for one pound of H, 0.0561X34.8=1.95
pounds air for the hydrogen in this sample. And the carbon will
require 11.6 X 0.7853=9.11 pounds of air; together we shall need
1.95+9.11=11.06 pounds air; of this amount, 2.54 pounds
are oxygen, and the difference 8.52 pounds, nitrogen. The coal
itself contains 0.01 of a pound of nitrogen. Hence the total
nitrogen is 8.52+0.01=8.53 pounds.

LOSS DUE TO EXCESS OF AIR.
The excess air admitted to the fire box has already
been discussed; but it is important to note that in heating up all

*P•86
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Specific heat is defined as the heat necessary to raise one
pound of the substance in question one degree in temperature It
diffe rs with different substances, and fur the physical states of
the same substance. For example, the heat to raise the temperature of water one degree is 1, while that of gaseous (superheated)
steam is 0.4805, and the total heat necessary to raise the temperature of a substance through 1 degree Fahrenheit would be its
weight multiplied by its specific heat. Performing the computation for the case in hand, we have:
Specific
Heat.

B. L u.
2.880 x 0.2169=0.6247
0.505 x 0.4805=0.2427
8.53 X 0.2438=2.0796
11.06 X 0.2375.2.6268
5.5738

Weight.

CO,, carbonic acid gas
11,0, steam .
IC, nitrogen
Air excess 100 per cent

Assuming a temperature of 70° F. for the external air and
a flue temperature of 570° F., the heat in the flue gases over
the atmospheric temperature will be (570-70) X5.5738=2,787
B.t.u. Taking the heat of combustion as 14,240 B.t.u., and
allowing 10 per cent for losses by radiation, convection currents
and conduction, we shall have 14,240
B.t.u. as that doing the work'

14, 240
10

2,787=10,029

A wl
14,240' I"' that is, 70 per cent

of the total heat generated is available for evaporating water into
steam.
If no air were allowed for dilution, then we should have the
following:
CO2 0.6247
H2O 0.2427
N 2.0796
2.9470 B.t.u.
Multiplying by the difference in temperature, 500 X 2.9470=
1,474 B.t.u. Subtracting 10 per cent loss and the above loss
14.240
1,474=11,342 B.t.u.
from total heat, 14,240-

100 x
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11 342
14,240 =80 per cent, nearly.

Combustion Temperature. This is often referred to as the Hypothetical temperature of combustion; it may be calculated by assuming that all of the heat units liberated are applied to raising
the temperature of the products of combustion, the ash being
included. The products of combustion of the coal just used in
calculating the losses due to excess air require 5.5738 B.t.u. to
raise them one degree in temperature where 100 per cent excess air
is allowed. The ash from the analysis is 4.03 per cent, and the
specific heat of ash may be taken at 0.2, hence we shall have
5.5738+ (0.2X0.0403)=5.5819. Now, if there shall be available, as is given by Dulong's formula, 14,240 B.t.u. and 5.5819
B.t.u. are necessary to raise one pound.
4 ofthe product 1 degree
on the Fahrenheit scale, then 5.5819 =2 550° F., nearly.
'
Strictly this is the amount the temperature is raised, hence the
actual temperature would be higher by the amount of temperature
of the fuel as fired ; suppose this to be 70° F. Then 2,550+70
=2,620° F., is the hypothetical temperature of the fire. By
way of comparison we may calculate the temperature with no
excess air admitted.
B.t.u. per pound of products of combustion without
excess air=2.947
B.t.u. ash= .008
2.955
14,240

-4,820 nearly, to which, theoretically, should be added
2.955
the temperature of the fuel as fired.
Even in the case of the dilution, the temperature as calculated is much above that which is really obtained, for the combustion is not instantaneous and the gases burn far beyond the
furnace proper, reaching through the combustion chamber and
often into the tubes. The heat is conducted very rapidly from the
fire to the water within the boiler, and radiation takes away much.
The greater the difference of temperatures between two bodies
the faster will be the flow of heat, just as in the case of water
where the flow increases with the difference of pressure.
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Temperatures of very hot substances may be measured by
means of a specially constructed pyrometer. This consists essentially of a pair of wires of different metals, for example, one of
platinum, the other an alloy of platinum and iridium, twisted
together. The other ends of the wires are continued in an electric
circuit, connecting with a galvanometer. Upon heating the
twisted pair of wires, a current of electricity is set up, proportional to the degree of the heat. The scale of the galvanometer
can be calibrated by means of the melting points of various substances into which the twisted pair of wires may be thrust, and
the position of the pencil of light marked on the scale. As the
deflection will vary with resistance of the circuit, the calibrating
should be done with the circuit connected as it is ready for use.
The temperature of the fire is more likely to be found at from
1,000° to 1,200° F. than higher, while the gases in the uptake
may be between 400° and 650°. The temperature of saturated
steam at 150 pounds on the gage is 366° F., so the temperature
of the gases must be more than that, and then too, if natural draft
is used, some amount of heat is necessary to insure that the column
of air in the stack shall be enough lighter than the outside air to
produce the necessary difference of pressure, and this in turn the
draft.
It may be remarked, however, that where a feed-water heater
is used, a reduction in temperature beyond that of the steam is
allowable, provided that the draft be maintained; but in most
cases of this sort either forced or induced draft would be used.
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REVIEW QUESTIONS.
FUELS AND COMBUSTION.
1.
2.
3.
4.
5.
6.
7.

What is coal ? Flow formed ? Constituents ?
Name at least three kinds of coal. Use of each.
What is coke ? Charcoal? Lignite ? Peat ?
What is the heating value of wood as compared with coal?
What liquid fuels are there ?
What is meant by combustion ?
Compare " chemical compound " and " mechanical mix-

ture."
8. What is a British thermal unit / Abbreviation is what?
What is calorie ?
9. What element gives out the greatest heat when burned ?
What is the product of the combustion ?
10. What element gives the greatest part of the heat when
coal is burned ?
11. How is heat of combustion found ?
12. Of what is air composed ?
13. What is the action of each element of air during combustion ?
14. What is Marsh gas ? Olefiant gas ? Carbonic oxide ?
Carbon monoxide ?
15. Upon what principle do we depend in determining how
much oxygen is necessary to consume a given amount of combustible ?
16. Knowing the amount of oxygen necessary to burn a given
amount of carbon, how would you find the amount of air necessary
to supply this oxygen ?
17. Upon what assumption is Dulong's formula for heat of
combustion founded ?
18. Why is an excess of air admitted to a furnace I
19. What injurious effect has an excess of air ?
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20. What law do perfect gases obey ?
21. What is meant by absolute zero ?
22. How would you find the volume of a given weight of air f
23. What is specific heat ? Specific volume ?
24. What apparatus is used for the analysis of flue gases ?
25 What gases should be looked for in the flue ?
26. What is meant by atomic weight ? Molecular weight ?
Vapor density ?
27. How may the theoretical temperature of combustion be
found ?
28. Is the theoretical temperature of combustion obtained in
practice ? Reason.
26. What should be the flue temperature where natural draft
is used ?
30. What tends to prevent smoke issuing from the stack when
firing soft coal ?
31. Why is anthracite coal less likely to emit smoke than
bituminous coal?
32. Name at least two losses occasioned by ash.
33. What is a convenient figure to remember as the number
of pounds of air necessary to consume one pound of carbon ? For
one pound of hydrogen ?
34. How may the atmospheric pressure be found, knowing
the height of the barometer t
35. Knowing the chemical formula for a substance,how would
you find the proportion of each of the component parts (by
weight) ?
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The origin of petroleum was for many years obscure, and the
explanation of its presence in the rocks below the surface of the
earth presented many difficulties to the scientific investigators
who essayed the solution of the problem. It is now generally believed that rock oil, as it is often called, is not a mineral product,
but is probably the result of the decomposition of vegetable
remains. Oil, unlike coal, has no structural formation, but experiments proved that. when wood, peat, coal or indeed any organic
matter in the fossilized state was subjected to destructive distillation at a comparatively law temperature, an oily fluid was obtained
which was practically identical with the crude oil which flows
from the wells of Pennsylvania. It is probable that the operations of nature in a bygone age, in which heat, pressure, and the
action of steam have been combined in a region containing vast
quantities of the remains of vegetation have been adequate to
produce large quantities of that substance which now forms an
important supply of liquid fuel in various parts of the world.
In the southern part of Russia along the range of the
Caucasian Mountains, and on the shores of the Caspian Sea,
petroleum was used as a fuel with success in locomotives and
steamships, prior to 1890. The use of crude oil here as in other
countries has depended largely upon the fact that other, fuels were
scarce or of poor quality or that the cost was so high that substitution of liquid fuel marked such a decided economy as to bring
it readily to the front. Oil was probably first burned extensively
in locomotives on the Grazi-Tsaritsin railway in Southern Russia
by Mr. Thomas Urquhart, the locomotive superintendent of that
line. He used it in simple and compound engines very successfully, and the result obtained with the compounds was superior
even to the good results obtained with its use in simple engines.
In England fuel oil was satisfactorily used on the Lancashire
111
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& Yorkshire Railway, and also on the Great Eastern, but its
adoption was not general. In South America, however, it was
used where coal had to be imported. On the railways of the
Argentine Republic, the system adopted was that invented and
used by Mr. James Holden, and was similar to the equipment of
the oil burning engines of the Great Eastern of England, of which
road Mr. Holden is locomotive superintendent.
The same causes which had lead to the introduction of oil
fuel in other countries, namely; the scarcity of wood or coal or
the high price of these fuels, operated also in the United States
to bring oil into prominence as a means of supplying the deficiency
or of reducing the cost of locomotive operation. In the beginning,
however, the greater value of oil for other commercial uses, to a
certain extent, retarded its introduction. About 1895 oil fuel was
experimented with on the Atchison, Topeka & Santa F6, and it
was found that one ton of crude oil about equalled from 11 to 14
tons of coal. The cost. of oil as against that of coal showed a
saying of about $3.60 per ton, on the tender, and from the standpoint of fuel cost, that fact alone justified its use.
The use of liquid fuel possesses certain advantages over that
of coal, not the least of which is the constant supply in firing, and
the resulting steadiness of the steam pressure, and ease with
which the supply can be regulated in accordance with the work
to be done. It must, however, be remembered that the supply of
oil though exceedingly plentiful in various regions, would not be
adequate to supply all the railways in the United States, and that
if more generally adopted, some roads would find the cost of
transportation of oil to their lines practically prohibitive.
The oil burners used in locomotive practice to-day may he
divided into two general classes_ Those in which the mixing of
oil with the necessary amount of air for its combustion is effected
inside the burner, form one class, and the burners which supply
oil to the fire-box where it is mixed with air outside the burner
form the other class.
The burner which was first used on the Atchison, Topeka
and Santa Fe, had been in successful operation in locomotives in
Peru, and was invented by Mr. Booth. When tried on the Santa
Fe it was patented in the United States, as the " Booth-Wade "
burner, Fig. 1. The name being derived from the inventor, and
from that of Mr. K. H. Wade, the general manager of the Santa
8
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Fe, who was instrumental in the introduction of oil as a locomotive
fuel into this country. The Booth-Wade burner consists of a
flat casting about 12 inches long by about 4 inches wide and 2i
inches deep. In this casting are two rectangular passages, each Ian inch deep, one above the other. The upper one is for oil and
the orifice through which the oil issues is 3x4 inches. Below this
is the steam passage 31x4 inches which terminates in a slit
inch deep, and 34 inches wide. When steam and oil flow, each
through its own passage, the oil issues in a comparatively sluggish
stream, and is caught upon what may be called a broad, flat jet

the main reservoir of the brake system supplies a constant pressure
of about five pounds per square inch on the surface of the oil confined in the tank.
The Lassoe-LovKin burner is cylindrical in form, and there
are twelve circular holes through which steam and oil pass to the
fire-box, Fig. 2. Oil is pumped through a long central tube in
the burner at a pressure of 120 pounds. The oil tube is surrounded
by steam which has the effect of heating it. Steam entering the
burner is throttled down so as to be at a pressure somewhat less
than that of the oil, so that there will be no tendency to blow
the oil back in the burner when the two come together at the
orifice. The oil issues in a cone-shaped spray of about 45 degrees,
from each of the twelve openings, and the steam having been
mixed with it just previous to its emergence from the outwardly

Fig. 2
LA SOB-LC.9E1N BURNER.

of rapidly moving steam. The effect is to carry the oil to a
considerable distance from the mouth of the burner, and to roll
its particles over and over and break up the stream into a fine
spray, in which state it is mixed with air which is introduced into
the fire-box from below, through a damper opening. In order to
quicken the movement of the oil, and to assist in its atomization
it is, previous to its entering the burner, heated by a steam coil
immersed in the oil chamber of the tender ; and to give the oil a
certain velocity, it is urged by the pressure of compressed air
acting upon its surface in the oil chamber of the tender. The oil
chamber is air tight, and a reducing valve on a pipe leading from

tapered orifices, a still further dispersing and spraying action is
produced by the steam, so that the oil particles may be very
effectually mingled in the fire-box with the air necessary for their
complete combustion. These burners have been used on the
Santa Fe Coast Lines, and are placed in the fire-box door, a pair
of burners being used side by side as shown in Fig. 3. What
corresponds to the grate bars of an ordinary fire-box is made into
a floor of firebrick, under which air from the outside passes, and
this air enters in an upward stream at the back of the box, and
behind a low bridge wall of firebrick, and mixing freely and
throughly with the oil spray from the burners or atomizers, as they
may be called, supplies the necessary oxygen for the complete
combustion of the liquid fuel.
The Trammel burner, Fig. 4; which is used on the San Pedro,
Los Angeles & Salt Lake Railroad, consists of a box-like casting,
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into the interior cavity of which the oil pipe is introduced. Oil
issuing from the pipe fills the cavity and flows over a small
vertical projection and down the outer side, like water over a weir,
into what is called the mixing chamber. Here steam from above
enters the mixing chamber in a thin flat jet, and at the bottom of
the mixing chamber another thin, flat, and horizontally moving jet
of steam blows the oil and steam out in a similarly thin, wide and

It consists of a long flat casting in which there are three similarly
shaped passages, the upper one being for oil, the central one for
steam, and the lower one for air. The oil passage is 3ith of an
inch, the steam passage is 3ixi inches and the air passage is
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Fig. 4
HAMMEL BURNER.
A. Lower Steam Chamber. B. Upper steam Chamber. C. Ports connecting Steam Chamhers. D. Top Atomizer. E. Bottom A tomlzer and Outlet. F. Oil Inlet to Mixing Chamber.
G. Mixing Chamber. 1.E. Outlet Orifice. L Front Plate. J. Bottom Plate. X. Oil Supply
Pipe. L. Steam Supply Pipe.

4-ix1 inches. The oil, steam and air passages are about 12 inches
long, and meet at what may be called the nozzle. The oil passage
turning slightly downward and the air passage turning slightly
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Fig. 3•
HEAVY SANTA Ft ENGINE EQUIPPED WITH Two LASOE-LOVKIN
BURNERS PLACED IN FIRE-BOX DOORS.
spreading jet. In this burner, steam and oil are mixed before
being expelled, but air is brought in contact with the oil outside
the burner. Air for the combustion of the oil is introduced into
the fire-box around the burner, and also at the base of the firebrick arch against which the flame strikes.
The Sheedy burner, Fig. 5, used on the Southern Pacific
Railway is an example of the type of burner where oil, steam, and
air are mixed before leaving the orifice, and in general appearance
this burner resembles the Booth-Wade device already described.
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Fig. 5
SHEEDY BURNER.
upward, come together in front of the flat steam orifice 3-Ixila
inches, exactly opposite the discharge opening through which the
mixture is expelled. This opening is 414 inches. By this
means, oil, steam and a quantity of air pass out together, the air
having been heated by its passage through the atomizer under
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the steam space through which the steam flows. The result is that

the oil is very effectively broken up into minute globules and
flies out in the form of a thin vapory spray which also mixes
with the air in the fire-box.*
There are other forms of oil burners or atomizers, but all
have the same object, namely, the reducing of the oil to a thin
filmy spray thoroughly broken up so that each minute particle of
nil may be in intimate contact or completely surrounded by air
for the purpose of securing complete combustion. In actual
practice the particular form of the burner does not seem to be of
vital importance as long as this result is obtained, and a glance at
the possible reason why this may be so, and also for the high
efficiency of this fuel, may be interesting.
Mr. -Wm. II. Booth, whose name was mentioned in connection with the Booth-Wade burner, has advanced an interesting
theory concerning the burning of the volatile constituents of coal
in an exhaustive work on " Liquid Fuel." The theory has been
commended by the editor of the British " Electrical Review " as
placing the whole subject of the combustion of bituminous fuels in
an entirely new light. The hydrocarbons obtainable from coal must
be distilled on the grate, and much heat is absorbed in the
gasification of these hydrocarbons or volatile constituents of the
fuel. With liquid fuel, the first step may be said to have been
taken by Nature in consequence of the fact that the fuel is in the
form of a liquid. In this respect coal, petroleum and illuminating gas may be said to stand to each other in a relation somewhat
analagous to that of ice, water and steam. Just as ice has been
advanced a step toward the farm of steam when it has been
changed to water, so the hydrocarbon constituents of coal are one
degree nearer the vaporous state required for rapid and complete
combustion when they are in the liquid form known to us as fuel
oil. " With liquid fuel, the gasification is already practically
effected, and combustion is rendered more perfect by heating the
liquid and also heating the air by which it is atomized. Thus,
if oil and air are both heated to 200 degrees F., the temperature of
combustion (assuming the air to be 60° F.) will be higher by

OIL-BURNING ARRANGEMENT AS USED ON LIGHT LOCOMOTIVES
(BALDWIN LOCOMOTIVE WORXS).

* The cuts of these burners are reproduced from a paper read by Mr. J. B.
Galivan, at a recent meeting of the Traveling Engineers' Association. The
burner made by the Baldwin Locomotive Works is shown in Fig. 6 ; and
Fig. 11 shows the Baldwin burners applied to a Vanderbilt corrugated fire-box.
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about 140 degrees F., than if both oil and air were supplied at
the ordinary atmospheric temperature."
The necessity for atomizing fuel oil is also mechanical.
A solid rectangular jet of oil presents a comparatively small area
to the air, and indeed may be compared to a thick plank of wood
which burns comparatively slowly from the outside toward the
center. This property of wood is made use of in what is known as
the slow-burning form of construction where wooden floors of considerable thickness are introduced into buildings. The ]eaves of
a book burn rapidly when touched by flame if each leaf is separated by an air space from those on either side, but the book itself
when tightly shut burns slowly and imperfectly, though composed
of a series of highly inflammable pages.
The theory of the explosion of dust gives a good idea of
the behavior of sprayed oil fuel in the fire-box, and exemplifies the
necessity for its thorough mixture with air. A large log of wood
burns slowly on the outside, perhaps requiring half a day to
complete the process. If split into cord wood sticks. an hour's
burning may consume it all. If in the form of kindling wood, a
few minutes will see it entirely burnt up. As shavings loosely
thrown together, still less time would be required, while in the
form of dust floating in the air, it might be almost instantaneously
consumed. The total heat given out in every case has been the
same, but the time occupied in its generation has decreased in
proportion as the inflammable material was reduced in size, and
as the areas exposed to the action of the oxygen of the air were
made greater and greater. In the case of oil fuel, the atomized
spray is such that each minute particle of oil floats in, and is completely surrounded by air and is thus readily get-at-able by the
oxygen when the temperature necessary for their chemical union
has been secured.
The similarity between the explosion of dust and the burning
of particles of finely divided oil as it leaves the orifice of the
burner in a fine spray may be carried a step further without doing
violence to the analogy, because the burning of the oil vapor as
described, is really a series of minute explosions which follow one
another in such quick succession as to produce the roaring sound
which invariably accompanies the burning of oil. Tyndall's
experiments with a small vibrating flame of coal gas prove that
when such a flame was examined by means of a rotating mirror,
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what appeared to the naked eye as a single flame burning continuously, revealed itself to the mirror as a beaded line of flame
images. In some instances, he tells us, he was unable to observe
any union of one flame with another; the space between the
reflection of each flame being absolutely dark to the eye. These
dark spaces were caused by the total extinguishing of the flame at
intervals, with a residue of heat, however, remaining sufficient to
re-ignite the gas. In one experiment he tells us, he found that the
little flame was able to extinguish and rekindle itself 453 times a
second, and that in doing this the vibration set up caused a musical
note to be sounded in a tube held over the flame.
The flame caused when a spray of oil and steam closely
mingled with air, is burned in the fire-box of a locomotive would
in all probability be found, if scientifically examined, to be made
up of an almost infinite number of minute explosions, the sound
arising therefrom causing the familiar roar which the oil flame
gives. This flame, however, like the small one of gas which
Tyndall examined, appears to the eye to be one large irregularly
shaped blaze which burns not far from the mouth of the nozzle
of the atomizer, and expands as it is blown forward, not only on
account of the conical direction of the sprayed particles, but on
account of the heat developed as each particle becomes oxidized or
burnt. The flame itself does not give one the idea that a liquid is
being consumed, but rather that a powerful jet of incandescent gas
is being urged from the orifice of the burner.
The total heat of the flame is not greater than would be
generated if the same quantity of oil were slowly consumed,
but its high evaporative power lies in the fact that by means of the
scattering spray, the maximum quantity is burned in a given
time, and consequently the heat is more intense; just as the stick of
wood, cut into shavings and liberally supplied with air, gives the
total heat. due to the burning of the whole log in perhaps a very
few moments.
The flame from the sprayed oil is particularly severe on
the fire-box sheets and on the flues, and it is not uncommon to
find that oil burning locomotives require the renewal of the firebox in less than two years while the life of the flues is about
half that time. A patched fire-box does not stand well. The
intense heat developed in the burning of oil acts destructively en
the extra thickness of metal where the patch laps over the original
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sheet. This heat is not abstracted quickly enough by the water
in the legs of the fire-box, and although rapid circulation is set
up and steam generated freely, the patch gradually burns away.
For this reason seams are dispensed with wherever possible, and
it has been found beneficial to reverse the flanges at the door, and
on the flue sheet, so as to bring the riveted seams into the water

Fig. 6
BALnwfx LocomoTfvE WonKs

OIL ATOMIZER.

space, and away from the action of the flame. For the same reason
crown bolts with thick heads have been replaced by radial stays
with thin flat heads. An engine which is reported to have been
successful on the Santo Fe", has three corrugated fire-boxes, 28
inches in diameter, leading into a combustion chamber, which is
40 inches long, and in this chamber the flues are set in the usual
way. In case any work must be done on the fines, it has been
found necessary to remove all the brick work from the fire-box and
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allow the engine to cool for about 12 hours before a man can
get into the combustion chamber to do the work. This arrangement of the fire-box has been found to stand longer than the ordinary box, but the drawback is found in the prolonged periods of
enforced idleness of the whole machine while the internal heating
surface cools down, whenever repairs have to be made. The
noise in the cab of this engine is said to be excessive as the
burners are practically in the cab and not below the deck as in
other engines. Shields composed of asbestos, one inch thick
with a sheet-iron plate on each side of the asbestos, have been
tried. These shields although they undoubtedly deaden the sound,
have not reduced it down to even the comparative quiet of the
standard engine. In order to protect the fire-box plates from the
direct action of the oil flame, and at the same time to prevent too
great a volume of the heat passing out of the smoke stack,
various arrangements of fire-brick walls and arches are used, and
the position of the burner has been varied with more or less
satisfactory results.
Two features in connection with oil burning engines may be
mentioned. There is no need of a fire grate nor of an ash pan
in the ordinary acceptation of those terms, and the intensity of
the fire is not dependent upon the force of the blast caused
by the exhaust steam. In oil burning engines, what corresponds to the ash pan is usually lined with fire-brick and often
forms a convenient receptacle through which air may be introduced
into the fire-box and the amount governed by a damper or dampers
conveniently placed.
In the first engines fitted up for crude oil fuel, the burners
were placed in the doors and the effort was made to have everything so arranged that a return to coal firing could be readily
resorted to. These engines carried a certain amount of coal.
When the burners were placed in the doors a brick arch was used
to prevent the flame from striking directly on the flue sheet and
the heated gases from passing at once into the flues. The burners
were, in later designs, placed below the deck.
The arrangement of the fire-box brick-work and the position
of the burner, as well as the style of atomizer used, differ on
various roads. The first, experiment on the Sante F6 was made
on a Baldwin engine with cylinders 10x26 inches, and is shown
approximately in Fig. 7. The changes made on this engine so
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that oil fuel might be used were the removal of the diaphram plate
in the smokebox, and an ordinary petticoat pipe was placed over
the exhaust nozzle. The grates were left as they had been, but
were covered with fire-brick. In this fire-brick floor several
rectangular openings, evenly spaced, were left for the admission
of air. The burner was placed below the mud ring at the back
and set at such an angle that the flame was directed slightly
upward so that the center of it would strike a point about 9

was regulated in the usual way by the damper openings. Later
developments of the art placed the burner still lower, but retained
the position at the back of the fire-box, and what had been the
ash pan became a sort of brick-lined combustion chamber partly
below the level of the mud ring; the flame was forced to beat
against a solid fire-brick wall with an overhanging brick arch
above. Other arrangements were tried, one of which was to
place the burner at the front of the fire-box below the mud ring
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Fig. 7
BALDWIN OIL BURNING SYSTEM APPLIED TO AN ORDINARY
LOCOMOTIVE FIRE-BOX

Fig. 8
SANTA F. ARRANGEMENT WITH BURNER BELOW MUD RING
AT BACK OF FIRE-BOX.

inches above the upper edge of the mud ring on the wall built
against the flue sheet. The sides of the box were lined with firebrick about up to the level of the door and a brick arch extended
back from the flue sheet more than half-way through the box.
This arrangement worked fairly well, but when the engine
was working hard, the fire-bricks lying on the grate bars were
disturbed by the action of the blast caused by the heavy exhaust,
and this led to the removal of the grates and the substitution of a
false bottom made of cast iron with rectangular openings for air
as before. The ash pan was left in place and the supply of air

level and so force the flame against a brick wall built close to the
fire-box back sheet and resting on the bottom of the draft pan,
as the altered ash pan is called, as in Fig. 8. In some of these

arrangements the burner was placed horizontally, and in others it
was inclined in an upward direction, but in all of them the flame
beat directly upon, and was reflected by, a wall of fire-brick. The
utilization of the draft pan for sustaining the brick work combined with the low set burner, permitted, in some eases, the
uncovering of a considerable area of the fire-box side sheets which
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had originally been screened by fire-brick, and thus an increase
of the effective heating surface was obtained.
Some engines on the Tehuantepec National Railway were
arranged with the brick arch placed against the flue sheet and
the upward inclined burner below the mud ring at the back end.
The principal air opening here, as on the Santa Fe, the Southern
Pacific and other roads, was placed immediately in front of the
brick wall which was overhung by the brick arch. This had
the effect of introducing air at. the place where the flame strikes,
and where its most violent action would be felt. This brick arch
was made hollow so that air passed through it and discharged at
the point where the heated gases turned over its edge. Air was
admitted, to a greater or less extent, around the burner, and as
both the openings were controlled by dampers, the supply from
either could be regulated as desired.
Other engines on the Tehuantepec National Railway had
burners placed below the mud ring, at the back of the fire-box,
and in these engines the fire-brick wall and arch were placed
about half-way in the fire-box, so that the flame and heated gases
were sooner deflected toward the back sheet before they turn over
the edge of the arch on their way to the flues. In all these engines
the flow of heated gas is therefore not direct., and is consequently
milder in its action on the flue sheet. The wall and brick arch is,
as in the former case, made with a hollow duct up the center
through which air is discharged along the edge of the arch. The
object of this air space in wall and arch is to keep the brick work,
upon which the flame plays, as cool as may be, in order to prolong
its life, and the duet probably hastens to some extent the time
required for the cooling of the arch when boiler repairs have to
be made.
Some engines recently built for the Mexican Central Railroad, by the Baldwin Locomotive Works, have the burner inside
the fire-box proper and some distance above the mud ring, and
close to the flue sheet, Fig. 9. The burner so placed is horizontal
and is accessible from the outside, as the brick work is carried
on iron plates. The flame is blown toward a wall built up against
the back fire-box sheet, and the heated gases pass first backward
and return again higher up in the fire-box on their way to the
flues. There is a 10-inch air opening in the draft pan near the
fire wall and a restricted air opening around the burner.

It may be thought that the oil burning locomotive entirely
does away with the troubles of the fireman, and while it is true
that it lightens his toil, the proper firing of a heavy oil burner,
hauling full tonnage demands a considerable amount of skill and
judgment in order to bring about the most satisfactory results,
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Fig. 9
OIL BURNING FIRE-BOX OF A MEXICAN CENTRAL ENGINE
BURNER IN FRONT PART OF

WITH

Box.

Engines burning oil were originally supplied with a small device
for heating the oil just before it reached the burner. The burner
itself, as usually designed. permits a small amount of heat being imparted to the oil as it passes through, but as the train loads to be
hauled became heavier, and as the quantity of oil consumed became greater, it was found necessary to heat the oil by a coil of
steam pipe placed in the oil storage chamber in the tank. This
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is the method usually employed, but in some cases an arrangement
is made by which steam can be admitted directly to the oil in the
tank for the purpose of quickly heating it. Most of the oil used
to-day contains a certain percentage of water, and this and the water
of condensation where steam is directly admitted to the oil, must be
drained off from time to time, as an excessive quantity of water
mixed with oil will cause the extinction of the flame when the
water passes through the burner, and the rapid relighting of the
oil as it strikes the white hot arch may cause an explosion or a
series of explosions sufficiently violent to damage the brick work.
The oil flame in locomotive practice, causes a certain deposit
of soot in the flues, due to the chilling of the gases, and this
deposit seriously interferes with their absorbing heat. and conveying
it to the water and in time the snot would seriously obstruct. them.
The method of remedying this evil is by the application of sand.
A suitably sized circular hole is ent in the fire-box door and a
bent or curved funnel is introduced so that its smaller end enters
a short distance into the fire-box. Through this funnel, from time
to time,sand is scattered by hand in the fire-box as required,and is
carried by the hot gases into the flues_ Its action is mechanical
and it acts practically as a sand blast does on paint. It cleans off
the interior of the flues, and sand and soot pass out into the smokebox, and most of it goes out of the stack:
When heavy oil is used there is frequently a deposit of
carbon on the floor of the fire-box jest in front of the burner,
caused by a slow drip, and as this deposit piles up it has a
tendency to deflect the flame slightly upwards, and sometimes this
deflection is great enough to permit part of the blaze going over the
top of the arch, where the flame normally plays upon one. This
interferes with the steaming qualities of the engine, and the carbon
formation must be removed nr broken down from time to time
by the fireman, who does it by the use of a small bar made for
the purpose. An air ripening directly below the burner shown in
Fig. 10 has been found to be efficacious in preventing the drip of
oil from lying on the pan and caking.
The amount of air admitted as well as the supply of oil must
be constantly regulated by the fireman. Every change of throttle
or reverse lever requires a new adjustment of the air and fuel.
Too small a quantity of air causes heavy black smoke, and a
diminution in the amount of heat in the fire-box. Too much

air also means loss of heat, and the effect of either of these is at
once apparent on the steam gage. Fireman and engineer must
work harmoniously and intelligently together on an oil burning
engine in order to secure the best results, just as they are compelled
to do on a coal burning locomotive.
Some of the advantages claimed for the use of fuel oil in
locomotives may be summarized as follows:
A decrease in the waste of heat due to the clean condition in
which the tubes may be kept, and the close approximation to the
requisite amount of air to insure combustion, which may be
obtained.
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There is a more complete distribution of heat, with less
marked fluctuations of temperature in the fire-box, owing to the
fact that the fire door need not be opened.
The use of oil entirely obviates the production of what are
known on coal burners as " dirty " fires, on long hard runs.
There is a reduction in the cost of handling fuel, as the
filling of the tanks at divisional points is accomplished mechanically or by gravity.
There is no fire cleaning at terminals.
There is certainly a great reduction of the physical labor
of the fireman.
9
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The equipment of tools required on an oil burning locomotive
is less than that of a coal burner.
There is a complete absence of dust, ashes or clinkers.
Petroleum does not deteriorate in quality while in storage
as coal does.
The ease with which an oil fire can be regulated far surpasses coal.
An intense heat can be produced in a very much shorter time
than with solid fuel.
The increase in the steam producing qualities of fuel oil per
pound over that of coal is very considerable.

as the ballast along the track is always dean and the drainage of

Fig. 11
BALDWIN SYSTEM APPLIED TO A VANDERBILT FIRE-BOX.

There is less waste of fuel where oil is used. Coal may be
lost by passing out in the form of smoke or unburned gases.
There is practically no smoke with fuel oil except when sand
is thrown into the fire-box and the deposit of soot in the flues is
carried out, and this deposit is less than with coal.
Where coal is used, unburned cinders are thrown out of the
stack and a certain amount of coal drops through the grates, this
is not so with oil.
The absence of smoke, cinders and ashes about a locomotive
renders it easy to keep clean. .
Where oil is properly used there is less waste of steam at the
safety valves, as the fire is more easily controlled, especially where
stops are frequent, than is possible with coal.
The absence of cinders thrown on the track is advantageous,

the road-bed through the ballast is not obstructed or clogged as it
is where cinders constantly fall from passing locomotives.
Sparks are not thrown from oil burning engines and consequently fires are not liable to be caused along the right-of-way.
There is, of course, an incidental advantage in the comfort
of passengers on a road from tlle use of fuel which does not produce
quantities of smoke and cinders.
There is lastly the economy of space in favor of oil over
coal, in the space occupied by the supply carried on tenders.
The amount of oil carried in a locomotive tender varies with
the size of the engine and the kind of work it is intended to perform. The locomotives on the Tehuantepec Railroad have receptacles holding 2000 U. S. gallons of oil. These engines are
simple, with cylinders 20x26 inches and weighing, without tender,
134,000 pounds. The oil supply for some of the later compound
engines used on the Atchison, Topeka & Santa Fe is as much as
3300 IL S. gallons. These compounds have cylinders 17 and
28x28 inches and weigh, without tender, 226,700 pounds. The
average supply carried by a locomotive may fairly be estimated as
somewhere about 2500 gallons, and for yard engines from 1500
to 1800 U. S. gallons.
Oil fuel weighs approximately 71 pounds to the gallon, and
at this figure, 2000 gallons of oil would weigh 15,000 pounds.
This weight of coal, which is 74 tons of 2000 pounds each, would
occupy about 281 cubic feet, and the space occupied by 15,000
pounds of oil would be about 267 cubic feet net, plus the necessary
tank space, i.e. plates, braces, angles, etc. The weight of the oil
fuel on the A. T. & S. F. engines referred to above, is 24,750
pounds. The average amount, 2500 gallons, weighs, therefore, 18,750 pounds.
There is, of course, something more required than the
equipment of the locomotives in order that a railroad may enjoy
the full value of the economy which may be had from the use of
fuel oil. Facilities for the storage and the efficient handling of
the oil must also be provided. An outline of the " plant " necessary for the accomplishment of this purpose may be had by
a glance at. the Tehuantepec Railroad, which is a small road on the
Isthmus. At the Atlantic terminus there is the main storage tank.
This is made of steel plate and is 92 feet in diameter and
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contains 1,478,543 U. S. gallons. The tank is supported on a
structure so that its base is Hi feet above rail level. At the
Pacific teiminus and at three other stations there are in all four
auxiliary _storage tanks, each 20 feet in diameter and 12 feet high.
Each tank holds 28,200 U. S. gallons of oil. There is thus a
stationary supply on the road of more than a million and a half
gallons of oil, available for use. Oil is brought to these stations in
tank cars of 6,600 gallons capacity. The average cost of oil as
issued by the stores department of the road is $2.52 per barrel of
42 gallons.
The large tank at Coatzacoalcos, at the Atlantic terminal,
supplies engines, and also tank cars for the transportation of oil to
the other stations. To accomplish this an eight-inch pipe is run from
the tank to the ground, and through the yard to a basin-shaped
depression in the ground. The end of the main is closed by a
valve and there is another valve placed close to where the pipe
comes out of the tank. This valve is always open. The object
of the pipe leading to the basin-shaped depression and being
closed by a valve at that point is to provide means for emptying
the large tank in ease of fire or other emergency. At a suitable
point along the 8-inch oil pipe, a branch pipe comes off and this
is connected to a stand pipe conveniently placed near the track.,
The filling of the locomotive receptacle is accomplished at the
stand pipe in much the same way that water is supplied at a
water column. The tank cars for carrying the oil to the outlying
stations are filled at this stand pipe in the same way.
The main storage tank and also the auxiliary storage tanks
are filled by pumping the oil, in the one case from vessels and in
the other from the tank cars. This is carried out on that road
by the use of a steam pump mounted on a fiat car which can be
moved from place to place as required. Each of the oil supply
stations is equipped in a manner Similar to the Atlantic terminal
station. The filling of locomotive and tank cars is by gravity flow.
Some railroads use inclined tracks, similar to those at coaling stations, up which the oil tank ears are run, and their contents
discharged by gravity flow into the storage tanks, and by gravity
flow to the locomotives. Other roads use underground reservoirs
into which oil from the tank cars is discharged, and subsequently
pumped into the storage tanks. Where very large quantities of
oil are stored and handled, these plants are probably more
-
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economical than the system used on the Tehuantepec Railroad.
Fuller information concerning the equipment of this road is given
in a paper read by Mr. Louis Garven, before the Institution of
Mechanical Engineers of Great Britain.
When we come to consider the relative values of oil and coal
as far as their evaporative efficiency is concerned, we find the
advantage on the side of oil. It. is, however, important to compare
oil and coal where the greatest economy has been secured in the
burning of the latter. It is manifestly unfair to compare oil
burned under favorable conditions with coal burned where unchecked losses form a considerable item in the results obtained.
In a series of tests made by Prof. Denton, in 1901 on the
efficiency of Texas oil used under return tubular boilers the following facts were brought out.: The weight of Beaumont crude
oil was 7.66 pounds to one U. S. gallon. The number of pounds
of oil in a barrel, containing 42 gallons, was therefore close to
322 pounds. The net evaporation of water from and at 212
degrees F. was 15.1 pounds. Mr. Booth states that results
obtained from Pennsylvania bituminous coal in the best boilers
with 10 square feet of heating surface per horse power is 9.5
pounds of water. With other coals of semi-bituminous character
10 pounds of water can be evaporated per pound of coal. Where
mechanical stokers and smoke preventing devices are used the
evaporative efficiency may be increased to 104 and 11 pounds.
Taking these figures as a fair statement of average results,
and allowing 10 pounds to be the evaporative efficiency of coal,
Texas oil has an evaporative efficiency of about 50 per cent over
that of Pennsylvania coal. To put it another way, 1 gallon of this
oil is capable of evaporating 115.6 pounds of water while the same
weight of this coal would turn 76.6 pounds of water into steam.
In the test of Texas crude oil referred to, it was found
that the theoretical heat units per pound of combustible as
measured by a calorimeter was 19,060 British thermal units for
the oil, while the coal contained per pound 14,680 B. T. IT., or 30
per cent greater for the oil. The heat. units obtained from the
oil and coal as fired were 19,060 and 12.100 B. T. IT., respectively,
or 57 per cent greater for the oil. The heat units actually utilized
in the production of steam were 14,963 for the oil, and 8,636 for the
coal or 73 per cent greater for the oil. The oil, therefore, however
high its theoretical value, maintained an actual superiority in heat

units, over the coal, of 73 per cent. Not only were there more
heat units in the oil than in the coal but more of them were used
in the production of steam.
It must be remembered that these results were obtained in
stationary practice and that the results obtained in locomotive
practice may not be quite as good. Mr. Urquhart, formerly
locomotive superintendent of the Russian railway where oil was
first tried, gives the evaporative efficiency of anthracite coal as
from 7 to 74 pounds of water and that of oil used in Russia at
12i pounds.
When it comes to the comparative cost of coal and oil, there
are more things to be considered than simply the selling price of
the two commodities. Dr. C. B. Dudley, the test expert of the
Pennsylvania Railroad, as a result of experiments made on that
system, has come to the conclusion that when all the economies
which may be brought about by the use of liquid fuel are taken
into consideration, as a matter of dollars and cents, one pound
of oil about equals two pounds of coal. In this case, therefore, one
barrel of oil, of 42 gallons, costing $1.00, practically equals coal
at $3.26 per ton where all the economies due to the use of oil
have been considered, and at these respective figures there would
be no choice from a financial standpoint between the two forms
of fuel. When based on the relative value of the two fuels as
steam producers, the point of equality is reached with oil at $1.00
per barrel and coal at $3.73 per ton. In every instance where it
is desired to compare the cost of the two fuels, local conditions
must be taken into consideration, for example, oil at 3 cents per
gallon in Philadelphia, would not be as economical as the use of
coal in the same city, selling at $4.00 per ton. It is the cost of the
fuel on the tender, ready for use which determines the value of the
one or the other, from a financial standpoint.
The application of fuel oil to stationary boilers differs in
detail from that suitable for locomotives, but the principle is the
same in each. Oil is sprayed from a burner, and the flame is made
to strike upon a fire-brick wall or arch. On account of the high
chimney used in stationary practice and the comparatively open
and direct passages under or through the stationary boiler, and the
velocity with which sprayed oil enters the furnace. there have been
several methods employed to restrict the flow of heated gases on
their way to the chimney.
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The Holden system as applied to a Lancashire boiler is a
good example of the effort to delay the passage of heated gas.
This system has no grate, and oil is sprayed into the furnace which
consists of two long internal flues each perhaps about of the
diameter of the boiler. The burner is inserted in the furnace
door, and the blaze passes down the flue. Heated air is supplied
below the mouth of the burner and the oil is atomized by a steam
jet. A pillar with an inclined face and a small overhanging coping is built up in the center of the furnace flue, at a suitable
distance from the burner. Against this pillar the blaze strikes
and the gases pass over and on each side of the pillar. Beyond
the pillar is what may be called an open screen of fire-brick, built
so as to entirely fill the flue. In this screen are large rectangular
openings, and through these the gases must pass. This screen is
about 18 inches or 2 feet beyond the pillar. About the same
distance beyond this screen is a second screen with smaller oblique
openings placed near the edges and so disposed as to still further
break up and retard the heated gases and deflect them along the
surface of the furnace flue. With boilers arranged in this way
an evaporative efficiency of from 14 to 15 pounds of water per
pound of Texas oil is said to be obtained, while that obtained
from fine coal burned in the same boiler was about 64 pounds.
The application of this system to a boiler having a grate is
made by covering the fire bars with brick or other refractory
material, and building the pillar and screens as before. In this
method, space is left through one end of the grate for the passage
of air, and the supply is controlled by dampers. This arrangement allows for the rapid change from oil to solid fuel when
occasion demands. The locomotive type of stationary boiler is
made suitable for oil burning by introducing the burner through an
opening in the back of the fire-box some distance below the door
and making other arrangements as in the locomotive. Oil and
coal are sometimes burned together, and a successful application of
this has been made with the water-tube boiler. The practice being
to start with coal and as the fire becomes dirty to gradually increase the supply of oil which is sprayed in over the bed of coal,
and thus readily sustain the required steam production. Mr
Booth suggests that for the use of oil and coal together, or for the
use of oil alone in water-tube boilers, the brick arches be extended
so as to restrict the heated gases, especially from the oil, from
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passing too rapidly up among the water tubes. Atomizers may be
worked by steam, compressed air, or air supplied by a positive
blower. The Billow system was successfully used at the World's
Columbian Exposition. The Billow is a burner in which oil
passes down a central tube and the atomizing agent passes down a
chamber outside the oil tube. Both are mixed just before discharged and a whirling motion is imparted to the jet, owing to the
shape of the end of the outer passage close to and just inside the
mouth of the burner.
In the use of oil on board ship there are two things which are
usually taken into consideration which are not specially prominent
in either stationary or locomotive practice. One of these is the
fact that steam used in atomizing oil fuel is lost as far as any
condensation and use again is concerned, and therefore requires
to be replaced from without; the importance of this drain on the
fresh water supply is apparent. The ability to quickly change
from oil to coal, or from coal to oil is more important at sea than
on land, and in the case of locomotives it is practically disregarded.
In seagoing equipment stationary boiler practice is followed
in some instances. The striking pillar and the screen are used
in the furnaces. The burners are generally arranged to swing out
of the way when the furnace doors are opened. Air for atomizing
is heated in its flow through pipes which come in contact with the
waste gases from the furnace, and oil is delivered under a constant
pressure by pumping.
A system of oil burning designed for rapid change from oil
to coal is one in which the fire bars and the brick work of the
furnace remain permanently in place, and a layer of broken firebrick 8 or 9 inches deep is spread over the grates. The oil burner
is so placed that the blaze passes over the irregular surface of the
broken brick and the whole mass soon becomes intensely hot. The
burners can be swung out of the way when the change to coal has
to be made and the broken brick raked out of the furnace, and
coal thrown upon the grates. The advantage gained in this rapid
change system compels the probable sacrifice of a more suitable
arrangement in which the striking, deflecting and retarding walls
and screens of brick form a desirable feature in the burning of oil.
The removal of some parts of these, when a change from oil to
coal has to be made, is not very difficult when at sea, though the

change occupies considerably more time than where broken brick is
used upon the grates.
A modern steamship lends itself readily to the satisfactory
storage of oil fuel. The water bottom of the ship, which consists
of the space between the outer plates of the hull and what a
landsman would call the floor of the hold, is usually appropriated
for the carriage of water ballast. The space is divided into tanks
which can be filled or emptied as required. When these tanks
are used for the storage of oil, provision is made to fill with
water any tank from which the oil has been pumped. It has
been urged that the storage of oil below the boiler and the engine
room compartments is a source of some risk as in the event of a
vessel grounding in such a way as to pierce or open the inner skin
of the ship, the engine room, or the stoke hold with fires going,
might become flooded with oil.
The advantage in the economy of space in the storage of oil
over coal at sea may be realized from the fact that 36 cubic feet
of oil are stated to be equivalent to 27 cubic feet of coal, as
usually stored in ships' bunkers, and moreover the spaces in a
vessel which are not available for cargo or coal can be utilized for
the storage of oil, and with war vessels the problem of " coaling
at sea " becomes comparatively easy when the fuel is in a form
which can be delivered by pumping, and furthermore when the vessel is going at full speed, the telltale black smoke of coal disappears
entirely with the use of liquid fuel.
In closing this article a few observations on the origin and
composition of fuel oil may not be out of place. Fuel oil or, as it
is generally called, crude oil is usually found associated with coal.
Chemically speaking, fuel oil is obtained by the destructive distillation of vegetable matter, and it was at one time obtained from
bituminous shales. Shale when considered from a geological
standpoint, is simply hardened mud, and its presence often, as one
of the separating strata between layers of coal, represents the encroachment of the sea and the deposit of sediment upon the mass of
huge non-flowering plants whose gradual compression and transformation, without access to the air, resulted in the formation of
what we call coal.
If at any time of its deposition, the mud was more or less
mixed with vegetable matter, it would form, in the lapse of ages a
stratum rich in carbonaceous matter which we now call bituminous
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shale. These shales when slowly distilled in iron retorts at. a low
red heat, give off volatile matter, and from this is obtained by a
process of condensation, the burning and lubricating oils, also
paraffine and ammonia.
It is probable that the production of crude oil was the result of
a process in nature analagous to the distillation of the bituminous
shales. The richer varieties of shale yield from 30 to 40 gallons
of crude oil to the ton. There are a large number of hydro-carbons
existent in nature; many can be produced artificially from organic
substances. In all the hydro-carbons the percentage of carbon is
high. They are practically insoluble in water, and all combustible. Crude oil when refined gives about 38 to 44 per cent of oil
for fuel, 15 to 20 per cent of lubricating oil and from 9 to 12 per
cent of paraffine.
The process of refining consists of distilling the crude oil and
variously treating it with sulphuric acid and caustic soda. As a
result of the process, gasoline, naphtha, burning oil and heavy
oil used for lubrication are obtained. Gasoline is a mixture of
paraffine sufficiently volatile, when air is passed through it, to
become a combustible gas. Naphtha is a mixture of hydro-carbons
which about equals crude benzol, which is a by-product of coal gas.
Burning oil is a mixture which is sufficiently volatile to light
readily and to feed through lamp wicks and yet is practically free
from the dangerously inflammable constituents which would be
liable to explode. Heavy oil is too viscid to rise in a lamp wick, but
suitable for lubricating purposes, after as much of the solid paraffine has been extracted as can be, by comparatively simple processes.
A curious circumstance which grew out of the original use of
crude petroleum was a lawsuit in which the question, What is
coal ? was practically the point at issue. In 1847 a Glasgow chemist, James Young, had his attention called to a petroleum spring
at Alfreton in Derbyshire. Young took a lease of the spring and
at once began to manufacture from this crude oil, two varieties,
one suitable for burning in lamps and the other for lubricating
purposes. Two years later this spring gave out, and Young conceived the idea of producing similar oils from the distillation (. ►
coal. This he succeeded in doing, and the illuminating oil so obtained was naturally called coal oil. The coals originally employed
were parrot coal, cannel coal and gas coal. Later he acquired by
lease a property yielding what was called Boghead mineral. This

he used in the same way for the production of coal oil; but as his
lease entitled him only to the removal of coal from the property, a
lairsuit was instituted by the owners of the land to restrain him
from removing the Boghead mineral.
The question as to what was and what was not coal came up at
the trial, and indeed formed the crux of the dispute. Expert testimony was given on both sides; but it was finally decided that, as far
as the purpose of the lease was concerned, Boghead mineral came
within the definition of the word coal. Young had previously
patented his process as applied to the distillation of bituminous
coal, and if the decision of the court had gone against him, his patent would have been of little or no value. The essence of Young's
process consisted of the distillation of bituminous substances at the
lowest temperature at which they could be most satisfactorily
volatilized.
The development of the industry which grew up under
Young's patents, practically led to the rise of the petroleum industry in America. The United States Acting Commissioner of
Patents in reporting upon Young's claim for an extension of
patent rights here said: "That manufactures of coal oil in this
country had their origin in Mr. Young's discovery. The use of
petroleum followed so directly and obviously from the use of coal
oils, that it can hardly be denied that one originated from the
other." Thus it appears that the original discovery and use of
a petroleum spring and its failure paved the way for the manufacture of coal oil, and so back to the use of petroleum where that
substance had been most abuntantly provided by nature.
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REVIEW QUESTIONS.
CRUDE OIL AS FUEL. —
1. Explain the reasons why it is necessary to atomize fuel oil
in order that it may be burned economically.
2. Name several different types of burners in general use.
3. When was the first oil burner used in a locomotive in the
United States?
4. What are the principal reasons why fuel-burning locomotives are being used in preference to coal-burning locomotives ?
5. Upon what part of a locomotive boiler is the flame of an
oil burner very severe?
6. In the design of a fire-box for oil-burning locomotives, explain the reasons why all seams should be dispensed with.
7. Explain why the tubes of an oil-burning locomotive rapidly become filled with soot.
8. How should the tubes of an oil-burning locomotive be
cleaned ?
9. Describe the kind of apparatus used for cleaning the
tubes.
10. Name twelve advantages claimed for the use of fuel oil
on locomotives.
11. How much does crude oil weigh a gallon?
12. What is the effect on an oil flame if the oil contains
water, which is often found mixed with it ?
13. Explain the value of a brick arch in the fire-box of an
oil-burning locomotive.
14. Explain how you would convert a coal-burning locomotive into an oil-burning locomotive.
15. What are the fundamental principles upon which all oil
burners are designed ?
16. Since one pound of crude oil will equal about one and
one-half pounds of coal, explain why oil is not more universally
adopted in locomotive practice.
17. If a locomotive tender is filled with 1800 gallons of oil,
what would be the approximate weight of this oil ?
18. Explain one method which is used for storing and handling oil for locomotive use
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CON SOL IDATION TYPEFREIGH T LO CO MOTIVE
{Ame r ica n Locomo t ive Comp any )

Locomotive Firing and Fuel
Economy.
The principles of heat and combustion having been discussed,
it remains for the locomotive fireman to put these principles into
execution when firing his boiler with fuel. While a good fireman
may not always understand the reasons why he is firing in a certain manner, some knowledge of the science of combustion will
often enable him to overcome difficulties and produce the best results under the given conditions.
Possibilities of Fuel Saving. The possibilities of fuel saving
are probably greater after the coal has been placed upon the locomotive tender than at any point in its journey from the mine to the
ash-pan. On a great majority of locomotives, which are easily
within the capabilities of hand-firing, the limit of coal consumption is about two tons per hour. Should there be a small saving
of the needless waste that is going on on most locomotives all the
time, it can easily be seen that the total amount of heat, and consequently the amount of fuel saved, would be a considerable item
each day.
Qualifications of a Good Fireman. The qualifications of a good
fireman are, first, intelligence or brightness, and second, physical
strength and endurance. The highest type of fireman is one who,
with the smallest possible quantity of fuel, can keep up the required
pressure of steam without waste through the safety valves. To
be able to do this no large amount of strength is required in the
majority of cases, as the factor of strength only enters into the
problem of locomotive firing when the action is constant and continued for a long period of time.
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The best firemen are not usually those who can raise the
heaviest weight, but rather the men of moderate strength and great
endurance. The best firemen are those who fire properly and
keep doing it continuously. A strong man will handle more coal
and work harder, and consequently will be more exhausted and
will require a longer period of rest, than one who has learned the
science of firing, all because the poor fireman will have performed
much useless labor, and incidentally thrown away a large amount
of valuable fuel. Comparison between the man who uses his
head and the man who only heaves coal almost universally results
in the favor of the former, provided, of course, he has been given
the proper instruction.
Education of Firemen. The results that can be obtained from
the education of firemen apparently have not been sufficiently impressive to cause the introduction of a practical course on most of
the railways. A few companies, however, are furnishing their
men with literature, which goes more or less fully into the theory
of combustion, and which gives them detail instructions as to the
proper method of firing. Some few roads have followed up this
method with a thorough course of individual instruction which
has worked out very satisfactorily. Where the proper grade of
men can be obtained and the work of instruction is systematically
followed out, the roads using these methods have found that they
have improved fuel records, increased interest in the work and a
loyal set of firemen.
Cases of good firemen quitting because they could not understand the work, which was easily within their strength if they had
bens properly instructed, are not by any means uncommon
throughout the country, and it is this feature that has caused the
greatest regret that more attention has not been given to the subject of education.
Method of instruction. The method of instruction used, as far
as the actual placing of the coal on the fire is concerned, consists
very largely •In convincing the men, both by sound reasoning and
actual example, that it will pay, and pay well, to scatter well broken
coal in small amounts in various parts of the grate in succession,
with an interval between charges that will make it necessary to
again cover the first part of the fire as soon as the whole grate has
been gone over. This method, of course, with an ordinary locomo-
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tive means continuous work, but in most cases it can be done
leisurely, even though the locomotive is working at full power.
Time for resting may be had on the down grade stretches, stops
for water, the waits at meeting points, signals, flags, etc.
This is the way the fireman should fire and the way an intelligent, educated fireman will fire, provided he is not expected to take
care of a large number of other things at the same time. -Unfortunately, in many cases he has to break up all his coal, he must
climb up and shovel it down from the back of the tender every
half hour or so, he is sometimes expected to watch every signal,
and if, besides, he has to clean out the ash-pan frequently, is given
poor coal, or the engine is not steaming properly, it is not to be
expected that the best results can be obtained.
Preparing the Locomotive Before Starting. Before starting the
fire in a locomotive it should always be noticed whether the boiler
has the requisite quantity of water in it; whether all cinders,
clinkers and ashes have been removed from the grates and ash-pan,
and from the brick-arch or water-table, if the boiler has either of
these appliances. The grates and drop-door should be in their
proper position and securely fastened ; the throttle-valve should
be closed and the lever secured ; and, if the boiler was filled through
the feed-pipe by means of the engine-house hose, it should be observed whether the check-valves are closed. If they are not closed,
it will be shown by the escape of water when the engine-house hose
is detached, or by the water and steam blowing back into the tank
when the tender-hose are coupled up, and after steam is generated
in the boiler. Locomotive boilers are sometimes seriously injured
by building a fire in them when they have not been filled with
water. This can only occur from the grossest carelessness on the
part of the person who starts the fire. In filling a boiler it must
be remembered, however, that when the water is heated it will expand, and that when bubbles of steam are formed they will mix
with the water and thus increase its volume, so that after the water
is heated its surface, as shown by the water-gauge and gauge-cocks,
will be considerably higher than when it is cold.
Starting the Fire. The fire in a locomotive should be started
slowly, so as not to heat any one part suddenly. as some of the
worst strains which a locomotive boiler has to bear are those due

to the unequal expansion and contraction of its different parts.
10
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When the fire is started, the parts exposed to it are heated first,
and consequently expand before the others do. If the fire is kindled rapidly, the heating surfaces will become very hot before the
heat is communicated to the parts not exposed to the fire. Thus
the tubes, for example, will be expanded so as to be somewhat
longer than the outside shell of the boiler, and therefore there will
be a severe strain on the tube-plates, which will be communicated
to the fire-box, stay-bolts, braces, etc. The inside plates of the
fire-box will also become much hotter than those on the outside,
and as they are rigidly fastened, to which both the inside and the
outside shells are attached at the bottom, the expansion of the inside plates will all be upward, which thus strains the stay-bolts in
that direction. As the motion due to this expansion is greatest
near the top of the fire-box, the top stay-bolts are of course strained
the most, and it is those in that position which are the most liable
to break. It is, therefore, very important both to heat and cool a
locomotive boiler slowly, and it is best to kindle the fire several
hours before the engine starts on its run.
If the fire in the fire-box has been banked, the fire should be
broken up with a bar and the ashes shaken out of it, and fresh
coal should be thrown on the fire if it is needed.
First Requirement of Firing. The first and chief purpose of
firing is to make steam enough, so that the locomotive can pull its
train and "make time ;" second, it should make the requisite
quantity of steam with the least consumption of coal ; and third,
with the least production of smoke, although the latter, independent of the economy of combustion, is considered of importance
only with passenger trains. It often happens that it is a matter
of extreme difficulty to make enough steam to do the work required
of the engines. When a freight train is struggling up a grade
with a heavy train, or an express engine is obliged to make time
under similar conditions, it often depends entirely upon the quantity of steam which can be generated in time boiler in a given time
whether the engine will fail or not. In firing, therefore, the most
important end to be aimed at is often simply to produce the largest
amount of steam possible in a given time, even at the sacrifice of
economy or by producing any quantity of smoke. Any means of
economizing fuel or of smoke prevention which reduces the steamproducing capacity of boilers, is therefore quite sure to be abandoned in time.
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How the Largest Quantity of Steam Can Be Produced. The
largest quantity of steam which can be produced in a given time
is obtained by burning the greatest quantity of fuel possible on the
grate in that time. This can be done by keeping the grates free
from clinkers and the ash-pan from ashes, and then distributing
the coal evenly over the grates in a layer six to twelve inches thick.
The thickness of the layer which will give the best. results will,
however, vary with the quality of the fuel, and must• be determined by experience. If time layer is too thick, not enough air will
pass through it to burn the coal. If it is too thin, then so much air
will pass through that the temperature in the fire will be reduced.
The rapidity of combustion will also be promoted by breaking
up the coal into lumps the size of a man's fist or smaller. If fine
coal is used, it should be wet, otherwise it will be carried into the
flues by the blest before it is burned, or caked, or before it even
reaches the grate. Experience will indicate the amount. of air
which can advantageously be admitted above the fire in order to
secure the maximum production of steam. The best size of the
exhaust. nozzles and the position of the petticoat-pipe must also be
determined by experience. It will usually be found, however,
that if enough air is admitted above the fire to prevent smoke, it
will reduce the maximum amount of steam which can be generated
in a given time. The fire should also be fed regularly and with
comparatively small quantities of fuel at a time, although if the
feeding is too frequent there is more loss from the cooling effect
which results from the frequent opening of the furnace door than is
gained from the regularity of the firing. In this, too, a fireman
must consult experience to guide him.
Banking System of Firing. Two systems of firing are practiced in this country, one known as the " banking system " and the
other the " spreading system." When tke banking system is employed, the coal is piled up at the back part of the fire-box, and
slopes down towards the front of the grate, where the layer of coal
is comparatively thin and in an active state of incandescence. The
heap of coal behind is gradually coked by the heat in the fire-box,
and the gases are thus expelled. Openings in the furnace door
admit air, which mingles with the escaping gases, which then pass
over the bright fire in front, and are thus supposed to be con-
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slimed. When the " bank " of coal behind becomes thoroughly
coked, it is pushed forward on the bright fire, and fresh coal is
again put on behind to be coked. This system of firing is practiced on some roads with good results, but it cannot be used successfully with coal which cakes and clinkers badly.
Spreading System. The spreading system is most commonly
employed in the Western States, where the coal contains a great
deal of clinker. When this is practiced, the coal is spread evenly
over the whole of the grate in a thin layer, and its success and
economy depend upon the regularity and evenness with which this
layer of coal is maintained and the fire fed. The thickness of the
coal must be adapted to the working of the engine. When it is
working lightly, the layer of coal should be thin, but when the
engine is pulling hard the layer of coal must be thicker, otherwise the violent blast may lift the coal off the grates. The success
of this system depends upon the manner in which the thickness of
the fire is regulated, on the admission of the proper amount of air
above the fire, and on the frequency with which the fire is supplied
with coal. When this system of firing is employed not more than
two shovelfuls of coal should be put into the fire-box at once, and
if the engine is not working hard, one or even less will be sufficient.
The fireman must, however, determine by experience the thickness
of fire, amount of air which should be admitted and the frequency
of firing which will give the best results in practice. These will
vary with different kinds of fuel and the construction of engines.
Short Rules for Burning Bituminous Coal. (1) Keep the grate,
ash-pan and tubes clean. (2) Break the coal into small lumps.
(3) Fire often and in small quantities. (4) Keep the furnace
door open as little as possible. (5) Consult. the steam-gauge frequently, and maintain a uniform steam pressure, and, if necessary
to reduce the pressure, do it by closing the ash-pan dampers rather
than by opening the furnace doors.
Duties of the Fireman at Stops. The fireman should examine
the tank, and see whether it is necessary to take in a fresh supply of
water. He should then examine the grates and ash-pan, and clean
the cinders and clinkers from the former and the ashes from the
latter. Neglecting to clean the ash-pan may result in melting and
destroying the grate-bars, and by obstructing the admission of air
to the grates the ashes prevent the combustion from being as com-

plete as it would otherwise be. With some kinds of fuel it is
necessary to clean the tubes frequently, which must often be done
at stations where the train stops.
During the stop as thorough an inspection of the engine should
be made by the engineer and fireman as the time will permit; but
any unnecessary waste of time must be avoided, and the firing
should be so managed that nothing need he done about it during
the halt at the station. On starting again the same precautions
should be observed as on making the first start.
Firing at End of Run. Before reaching the last station the
firing should be so managed that there will be as little fire as pos-

sible remaining in the fire-box at the end of the run. After the
arrival the engine should be run over a. pit. which is usually provided for the purpose, and the fire should be raked out of the firebox by dropping the drop-door, if there is one to the grate, or
turning the grate-bars edgewise, or withdrawing one or more of
them, if it is necessary to do so. In this way the fire will fall into
the ash-pan, from which it can be easily raked. After all the fire
is withdrawn, the dampers and furnace door should be closed so as
not to allow the cold air to cool the fire-box and tubes too rapidly.
Duties of a Fireman. Among the many duties which the fireman has to perform, the following are those which are necessary
under all conditions :
The fireman should reach the engine house in time to see that
all the necessary tools and supplies are on the engine; that the tank
is full of water and is provided with the coal necessary for the trip ;
he should see that the fire has a good foundation for starting, and
if not, he should give it the necessary coal, so that the fire will be in
good condition before starting out ; the ash-pans should be examined
and cleaned, and the grates should be examined to see that they are
level. When the train is ready to start, the fire should be in such
a condition that it will keep up steam until the reverse lever is
notched back after the train has worked into its normal speed.
When the fire needs attention only a few shovelfuls of coal should
be fired at a time, by scattering it over the surface of the fire, so
that it does not cool off the fire, yet at the same time burns up the
gases, which are an important factor in giving their heat to the
boiler. If too much coal is thrown on at one place at any time, a
large amount of smoke will come out of the stack, which will be of
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no value in aiding the boiler to steam properly. With thin firing a
supply of air passes through it sufficiently to provide the necessary
oxygen to burn these gases, so that any heat which the coal is
capable of giving out is obtained. Should there be any spots
showing up in the fire, they should be immediately filled with coal,
and the corners and sides of the fire-box should be kept well
filled. The supplies of air should be regulated to suit the given
conditions and the kind of fuel which is being burned, and the ashpan dampers should be regulated accordingly. If too small a volume of air is admitted, the fire will not burn as it should, and if
too much air enters the fire-box the gases will he chilled. Should
indications appear that the fire is not receiving sufficient air, the
grates should be shaken at intervals sufficient to keep the fire as
clean as possible. This should always be done lightly, so as not
to disturb the fire any more than is necessary. Good coal requires
no more shaking than that which will prevent clinkers from forming between the grate openings, and should the fire be shaken any
more than this large holes will be formed in the fire, which will
admit cold air and be detrimental to the fire and boiler. This is
also a matter of experience, as each coal contains more or less
clinkers, which will be more or less difficult to break up.
Before a stop is made the fireman should place sufficient fuel
in the fire-box, so that it will not be necessary to fire again until
after a new start is made. When this has been done, it avoids having to fire while the engine is standing at the station, and prevents
the fire from being in a cold condition when the hardest pull is upon
the boiler. Where there are grades which require the throttle of
the engine to be opened full, the amount of steam required by the
locomotive is very heavy, in which ease the fireman should make
his fire heavy to suit the circumstances. This, however, should
be done, not by piling the coal on all at one time, but by gradually
firing it so as to have a very heavy bed of incandescent fuel during
the time when the grade is the heaviest.
Firing Anthracite Coal. When firing anthracite coal, the size
of the pieces will determine the frequency with which the coal
must be shoveled and the thickness of the fire. When the coal is
in large lumps, the fire must be of considerable thickness, and constant, care must always be exercised to prevent loss of heat from
excessive quantities of air passing through the holes caused by the
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large lumps. When the smaller grades of anthracite are burned
a very large grate area is necessary, as the fire must be burned
thin, and a thin fire will not stand the action of a sharp exhaust
unless the blast is divided over a large area. It is particularly
important when firing with anthracite coal to prevent spots from
forming in the fire, and the fireman must be continually on the
watch to put coal on any such spots which are formed.
Firing Liquid Fuel. When starting an oil burner, provided it is
where steam pressure cannot be obtained for use as a blower, throw
into the fire-box a piece of oiled waste, then start the oil lightly,
then open the atomizer valve enough to atomize what oil is passing
from the boiler, and time oil will instantly ignite. Care should be
taken not to turn on too mulch oil, for there may be a slight explosion
in starting, which may cause injury to the fireman. After the fire
begins to burn, close the door tight and watch the burner to see tlmt
it is giving the required amount of heat, has not gone out, and if
there is any water in the oil, or any defect in the burner. These may
very likely happen, and will be indicated by smoke coming out of
the stack. Should there be no steam available for the purpose of
atomizing the oil when starting, it will be necessary to fire up with
enough wood to get. steam pressure in time boiler sufficient to work
the atomizer. Care should be taken in doing this so that. the
brick wall or arch will not be injured in any way. After the
burner has started to make steam it is very important that the
proper amount of steam be admitted to the burner as an atomizer.
It will be necessary occasionally to use sand for cleaning off the
ends of the flues in the fire-box, this will clean off the gum or
soot which may be formed there.
Difficulties of Firing Properly. One of the greatest difficulties
in having a fireman to fire the coal properly has been that he is
often given a locomotive of a size and power which no one man can
shovel coal enough into in order to develop its rated capacity, and
again there are times when the- fireman is given such poor fuel
that, even though the engine is working under normal conditions,
it is almost impossible to burn enough fuel to give the required
amount of steam, and in such cases it may be advisable to use some
form of a mechanical device, either to burn the fuel itself in the
furnace of the locomotive o•-to supply it to the fireman in sufficient
4inantities to enable him to fire large amounts without undue labor.
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Use of the Blower. The blower should be used when the engine is on the cinder pit with just enough force while cleaning the
fire to prevent the escape of gases from the fire door and possible
injury to the fire cleaner.
When the engine is at rest it is sometimes necessary to use
the blower to prevent the emission of smoke. In this case the fire
door should be kept on the latch. The blower has sometimes to
be used for stimulating the fire when the engine is not steaming
freely. In such cases it can be employed to best advantage when
descending grades or approaching stations Nvith the steam shut off.
Methods of Reducing Smoke from Locomotives when Starting.
It is the effort of all railroads using soft coal to reduce the smoke
nuisance as much as possible, not only on account of the fuel which
is saved, due to perfect combustion, but also on account of the objections which are raised by those who live close to the railroad. In
order to attempt to reduce the smoke nuisance, the fireman must be
instructed to fire properly, for no matter what the other conditions
may be, it is impossible to eradicate black smoke without intelligent and faithful work on the part of the fireman and engineers.
In some instances, the road puts the problem up to the engine crews
entirely, holding them responible for any excess of black smoke,
and suspending them in all eases where black smoke is produced
and no good excuse for same can be given.
Mechanical devices are used on several roads to assist the fireman in his attempt to fire properly. These devices have shown
good results, and are being used more extensively on a number of
large roads. Among these devices used are mechanical stokers and
pneumatic fire-box door closers. Hollow fire bricks have been
used, and, while they have aided in diminishing black smoke,
their cost of maintenance does not indicate their increased use.
Smoke consumers, consisting of a strong blower in the front end
and steam jets into the fire through the side sheets, have given
good results when the engine was fired light.
Preparing Coal Before Putting on Tender. Few railroads prepare their coal that g ■ es on the tender. Those that do, generally
break the large pieces into lumps from four to six inches in diameter. This is done by providing coal sheds with breakers made by
placing 1" X 3" iron bars on edge five inches apart. The coal is
dumped on these breakers and must be broken into pieces less than
five inches in diameter before it will fall through.
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Preparing Fire when Starting Train. Without exception the
following plan is used by all railroads when starting the fire. The
fire is built up gradually until a good level of coals is secured of
sufficient thickness to hold without tearing under heavy exhaust.
The single scoop system is then used for replenishing the fire.
When stops are made, the fire should be in such prime condition
that it will not be necessary to put on much coal when starting the
train, and the engineer should use every effort to assist the fireman in holding his fire by pulling out carefully.
When the stop is to be a short one, the fireman should endeavor to have his fire in such condition that no green coal need be
added until the train has left the station.
The blower should be used to pull just enough air through
the fire to combine with the gases, and the grates and ash-pans
should be kept clean and in good condition. The condition of the
grates has much to do with suppression of black smoke.
Railroad Instructions to Firemen. On most roads firemen are
instructed to fire as light as possible, from one to four scoops at
a time being advocated. The " one-scoop " system is generally advised, but in large engines with large fire-boxes it is not practical.
The coal should be well and evenly scattered, first on one side of
the fire-box and well into the corners and then on the other, so as
to retain a bright fire on one side of the fire-box in order to burn
the gases discharged from the green coal applied to the other side.
The door should be swung after each shovelful is applied, and for
this reason some roads use pneumatic door closers.
Grade of Coal Used. One of the worst troubles which firemen
have to contend with is the different grades of coal used. The
poorest grade of coal seems to be used by most of the roads, and
as many as sixteen different grades have been used on one road. If
possible, the fireman should be given the same grade of coal, even
though it. be of poor quality, as he will get accustomed to using it
to the best advantage, rather than giving him good coal one trip
and poor coal another. On some roads, fifty per cent of bituminous and fifty per cent of anthracite have been used successfully
with very little trouble from the smoke nuisance.
Fine coal is found to produce more smoke than lump coal, as
it ignites more rapidly, and the smoke and gases formed have less
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chance of being burned off. It is also more difficult to prevent smoke
when coking coals are used than with non-coking coals, and smoke
is still more difficult to prevent when slack coal is used. While in
general good coal will produce less smoke than poor coal, it will
often be found that good coal will give off blacker smoke, owing
to the large amount of carbon it contains, and because the fireman
has not become properly acquainted with its use.
Combustion Chambers. While combustion chambers have
been used successfully in preventing smoke, their use has been
discontinued on some roads on account of steam failures and the
banking of cinders and fire against the lower flues, causing them
to leak.
Auxiliary Exhaust Devices.
While in foreign countries an
auxiliary exhaust appliance when starting trains has been used
very successfully, but little has been done along this line in this
country. Whenever used, however, auxiliary exhaust devices have
demonstrated that they act not only as smoke reducers but also
as coal savers, on account of their equalizing the draft through the
smoke box, and thereby making lighter and more systematic firing
possible.
Smoke Prevention. The following recommendations if carried
out will prevent smoke in most locomotives: Standardize the
grades of coal used ; mechanical devices should be used to assist
the firemen, as his ditties are now becoming too heavy, especially
with the heavy power locomotives; preparation of coal before it
is put in the tender; the single scoop system of firing with the
closing of the door after each scoopful; fire-boxes equipped with
properly designed brick arches; the use of the auxiliary exhaust
which will make light and economical firing possible.
B. & 0. Instructions on Firing Locomotives. The following instructions to govern the firing of locomotives for the suppression
of dense smoke have been lint into force on the Baltimore & Ohio
Railroad by Mr. J. E. Muhfeld, general superintendent of motive
power:
Engineers will be responsible for the proper operation of locomotives with respect to the handling of the reverse and throttle
levers and the supplying of feed water.
Engineers and firemen will be equally responsible for the
operation of the steam blowers or smoke suppressors and for the

smokeless and economical method of firing locomotives, in accordance with the following general instructions:
Preparation Before Starting. Before the commencement of a
trip or day's work, the rocking and drop grates, ash-pan dampers,
ash-pan slides and steam jets, and grate and ash-pan operating
gear should be examined and tested to see that all grates set level
when latched, and that all parts are in good working order and in
proper position. The smoke-box and ash-pan should be clean and
the smokestack and ash-pan steam blowers in good order. All
necessary fire tools must be on the locomotive. The fire must
be put in good condition on the grates by spreading and replenishing with fresh fuel, in small quantities at a time, until properly
built up preparatory to starting with a full supply of water and
steam in the boiler. The coal on the tender should be wet down.
Lumps of coal should be broken to as near the size of a man's
fist as is consistent before putting into the fire-box.
Method of Firing. A thin, clean fire should be maintained,
so that the fuel can be supplied with sufficient air through the
grates for proper combustion, and the production of a clear, bright
flame. Cross-firing should be practiced to maintain an even bed,
free from holes, and localized heavy or lumpy firing should be
avoided, as the latter method does not permit sufficient air to pass
through the fuel, and results in dense smoke and clinkers. The use
of the rake and " puddling " of the fire should be resorted to only
when absolutely necessary to spread an uneven fire caused by uneven draft or improper firing. The banking of green fuel at the
furnace doors should be restricted.
The grates should be kept well supplied with coal at the sides,
ends and corners of the fire-box, and not more than two or three
shovelfuls, each scattering the coal, should be supplied at one time.
Heavy, intermittent firing should be avoided. Only sufficient fire
should be kept on the grates to prevent loss of beat on account of
cold air passing through the grates so freely as to reduce the temperature of the gases, and to suit the way the locomotive 'is being
operated.
Operation of Injector, Reverse and Throttle Levers. Injectors
and reverse and throttle levers should be operated to favor the firing
when starting from a station and on heavy pulls. The smokestack
blower should be used when necessary to prevent reduction in

.
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boiler pressure, and the boiler feed should be increased to prevent release of steam through the pop valves.
Previous to the closing of the throttle valve, the fireman
should apply the steam blower or smoke suppressor to such an extent as practice may demonstrate is necessary to suppress smoke.
When locomotives are working steam, the smoke suppressor should
be used lightly. The supply of steam to the air induction jets
should be regulated by the size of the opening in the gasket, so that
on locomotives not equipped with brick arches there will be no tendeney to blow the smoke to or through the flues.
When Grates Should Be Shaken. Rocking grates must be
shaken lightly and frequently, instead of violently at long, intermittent periods, and, if possible, when the steam is shut off. As
a general rule, all rocking grates on passenger locomotives should
he shaken every 30 miles, on freight locomotives every 15 miles,
and on switching locomotives every three hours. This practice
will break any clinker that may be forming over or hardening between the grate openings, and will allow dead ashes to fall into the
ash-pans and keep the grates and fire clean. It will also allow air
to pass through the grates and fire, and prevent the formation of
clinker on the fire-box flue and crown sheets, which occurs when
air cannot get through the grates and must pass over the fire.
Opening Furnace Doors. The practice of opening the furnace
door unnecessarily should be avoided, and firemen must regulate
the ash-pan damper openings to suit. the requirements. When
locomotives are drifting, the fires must be maintained in a clean
and bright condition over the entire grate area, more especially at
the flue sheet.
Cleaning Ash-pans. Hopper sides of ash-pans must not be
opened when the locomotive is running. Ash-pans and fires should
not be cleaned near any frog, switch, crossing, de-rail or wooden
building or structure.
Treatment of Special Fuels. Certain fuels and locomotives
will require special treatment, but in general the above methods
are those of the most successful firemen, and the highest type of
fireman is one who can maintain the working steam pressure within
a range of ten pounds variation with the smallest amount of fuel
and the least waste of steam through the pop valves.
Exhaust nozzle openings and draft appliances must be ad-

justed to suit the winter and summer conditions, and when necessary on account of change in quality or kind of fuel furnished.
Reporting Defects. Engineers must immediately report any
irregularities in connection with the cleaning or building of fires
at terminals. They must also report defects in connection with
piston or side valves; cylinder or rod packing; dry, steam and exhaust pipes; smoke-box draft appliances; stopped up or leaky flues;
rocking and drop grates, ash-pans and dampers; smokestack and
ash-pan ; steam blowers and smoke suppressors, and all other auxiliary equipment pertaining to the economical use of steam and fuel,
and for the prevention of dense smoke. All adjustments or repairs
that may be found necessary must be promptly and properly made.
Relation of Fireman to Public. Since railroads have been and
are now expending a considerable amount of money to put machinery, boilers, fire-hioxes, flues, grates, ash-pans and draft appliances
of locomotives in a substantial condition for service, and with the
grade and quality of fuel supplied it is expected that some returns
in fuel economy through proper methods will result from the operation and firing of locomotives. Passengers and the public at
large are also entitled to consideration, and the elimination of
dense smoke will contribute to their comfort, as well as to reduce
steam failures and waste of fuel.

Instructions to Govern the Use of Coke on Locomotives. The
following instructions are given to firemen on the B. & 0. R. R.
to govern the use of coke on the locomotives on that road. This is
a subject that is of much importance as a possible solution of the
smoke problem, particularly on those roads having freight terminals within the limits of large cities.
Quality of Coke. Coke should be of a hard quality, as free
from dust as practicable, and of 48 or 72 hours' burning.
Handling of Coke. -When coke is furnished from chutes to
locomotive tenders the floor of the chute should be arranged as a
screen, so that the fine dust will be removed and not passed to the
tender. The screen should be made of one-inch round steel bars,
spaced one inch, and running longitudinally.
When coke handled from a car into buckets, from which
it is to be supplied to the tender, ballast forks should be used for
handling the coke when filling the buckets.
After the tender has been furnished with a supply of coke,
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it should be thoroughly ► vet down to further eliminate the fine
dust by caruing it to the bottom of the tender, from which point it
should be removed from time to time.
Blast for Coke Fire. As a sharper blast is required for a coke
fire, locomotives using coke as fuel should be equipped with exhaust
nozzle openings, about one-quarter inch smaller in diameter than
those for bituminous coal-burning locomotives.
Grates for Coke-burning Locomotives. Coke-burning locomotives should be equipped with finger style of rocking grates, in
order to crush the clinker and to give better draft than can be
secured with the bar types of rocking grates. The grate area
should be as large as practicable, and the rocking, dead and drop
grates and operating gear should be kept in good adjustment to
permit of free operation and without lost motion. As coke contains a much greater percentage of fixed carbon and ash than
bituminous coal, it is very essential that the grate gear be maintained as above specified to insure against any difficulty of removing the ash and incombustible matter from the fire-box.
Locomotives with large diameters and short fines will give the
best results on account of remaining unobstructed and giving freer
draft than smaller and longer flues.
Brick Arches not Recoramended when Burning Coke.
Brick
arches should not be used in fire-boxes or coke-burning locomotives,
as they interfere with maintaining the proper depth of fire. With
coke a much heavier fire is required than with bituminous coal, as
it does not pack so closely and there is liability for the introduction
of cold air through the grates, which will lower the temperature of
the gases and cause failures to steam.
Starting a Coke Fire. The preparation of the coke fire must
be given careful attention. Wood and semi-bituminous, low volatile sort coal should first. be applied to the grates. This will assist
in igniting the coke and preventing it from clinkering over the
grate surface. After the coal has been thoroughly ignited the coke
should be introduced until the fire-box has been filled. The steam
blower must be used until the coke is well burned through and
makes a solid body of fire. The fire should then be ]eft in this
condition until the locomotive has commenced work, and until 15
or 20 miles have been run; then at the first. opportunity, preferably
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when steam is not being worked, the fire-box should be filled with
a fresh supply.
Cleaning Coke Fires. The fires should be cleaned after each
24 hours of service, and at the same time the flues should be blown
out with the air blower equipment, that should be installed at each
of the fire cleaning stations.
Engineers will be responsible for the proper operation of locomotives with respect to the handling of the reverse and throttle
levers and to the supplying of feed water.
Engineers and firemen will be equally responsible for the
operation of steam blowers and for the economical firing of locomotives, in accordance with the following general instructions:
Preparations Before Starting. Before the commencement of a
trip or day's work, the rocking and drop grates, ash pans and
dampers, ash pan slides and grate and ash pan operating gear,
should be examined and tested to see if all grates set level when
latched, and that all parts are in good working order and proper
position. The smoke box and ash pan should be clean, and the
smokestack and ash pan steam blowers in good order. All necessary fire tools, including a slash bar to prevent formation of clinker
on grate surface, and scraper to remove the honeycomb that accumulates on the flue heads, must be on the locomotive. The fire
must be put in good condition on the grates preparatory to starting,
with a full supply of water and steam in the boiler. The coke on
the tender should be wet down.
Methods of Firing Coke. As heavy. a fire should be kept on
the grates as is necessary to prevent loss of beat, ou account of cold
air passing through the grates so freely as to reduce the temperature of the gases, and to suit the way the locomotive is being operated. Fresh coke should be supplied to the fire-box when the
throttle is shut off. The use of the rake and puddling of the fire
should be resorted to only when absolutely necessary to spread an
uneven fire, caused by uneven draft or improper firing.
The smokestack blower, however, should not be operated any
more than necessary, on account of coke burning out more quickly
than coal, and when the ash commences to accumulate the blower
will tend to draw cold air and ash into the flues instead of heat.
When Grates should be Shaken with Coke Fire. Rocking
grates must be shaken lightly and frequently instead of violently
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at long intermittent periods, and, if possible, when steam is shut
off. As a general rule, all rocking grates on passenger locomotives
should be shaken every 20 miles; on freight locomotives every 10
miles, and on switching locomotives every hour. This practice
will break any clinker that may be forming over or hardening between the grate openings, and will allow dead ashes to fall into
the ash-pans and keep the grates and fire clean. It will also allow
air to pass through the grates and fire, and prevent the formation of clinker on the fire-box fine and crown sheets, which occurs
when air cannot. get through the grates, and must pass over the
fire.
Regulating Ash Dampers. The practice of opening the furnace door unnecessarily should he avoided, and firemen must regulate the ash pan damper openings to suit all requirements. When
locomotives are drifting, the fires must be maintained in a clean
and bright condition over the entire grate area, more especially
at the flue sheet.
Hopper slides of ash pans must not be opened when the locomotive is running. Ash pans and fires should not be cleaned near
any frog, switch, crossing, de-rail or wooden building or structure.
The above methods are those of the most successful firemen,
and the highest type of fireman is one who can maintain tlie working steam pressure within a range of 10 lbs. variation with the
smallest amount of fuel, and the least waste of steam through the
pop valves.
Instructions for Firemen on the Chicago & Northwestern Railway. Among the various roads that issue bulletins of fuel economy, one of the most successful has been issued by R. Quayle,
surperintendent of motive power of the Chicago er Northwestern
Railway. Besides these instructions, he gave what is known as
a chapter of " don'ts," which should be read very carefully by
every fireman. As a result of these instructions, a marked economy and efficiency was noted on the road. These " don'ts " are as
follows:
DON'T think because you are only one engineer or fireman
that what you do does not amount to much. It is the little drops
of water that make the mighty ocean, and the little grains of sand
that make up this earth of ours; so each individual, in the aggregate, can do a great deal. If each engine crew saves one-quarter
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of a ton, or five hundred pounds, of coal, this, on a thousand locomotives, would result in a daily saving of two hundred and fifty
tons, or in round figures $157,000 a year.
DON'T neglect being at roundhouse in ample time to examine the firing tools on the engine before leaving the roundhouse.
See that your ash pan, grates and flue sheets are in good condition to make the run.
DON'T fill the boiler full of water as soon as you get out of
the house. Leave a space so the injector can be worked to prevent popping, while air pump exhaust is fanning the fire, pumping air to make the terminal air brake test. If you do this your
fire will be in better condition to pull out with. The noises of
open pop prevent trainmen from locating leaks.
DON'T forget to start the lubricator a few minutes before
leaving a terminal. Set it to feed regularly. The proper lubrication of valves and cylinders saves coal.
DON'T forget, when starting trains, to do so carefully, thus
preventing damage to drawbars and draft rigging. By so doing
you will save serious delays to your own as well as other trains.
All delays mean extra fuel consumption to make up time lost.
DON'T neglect using the blow-off cock, as it keeps the boiler
clean and water in good condition, and insures better circulation in
boiler. Result: Better steaming engine and a saving in coal.
DON'T allow the engine to slip. This is an unnecessary
waste of coal, wears out. tires and rails, causes great damage to
pins, axles and running gear, and generally results in spoiling a
fire.
DON'T pull out of a station with a train (after engine has
stood for a while and fire was allowed to get low) without first
giving the fireman a chance to build up the fire. The time lost
waiting to do this will save coal, and can better be made up before
reaching the next station. Remember this when you get a time
(leder.
DON'T leave the reverse lever down in corner longer than
necessary when pulling out of stations. No rule can be made to
govern how the throttle and reverse lever should be used. This
must be acquired by practice and observing the performance of the
engine. Bring the lever up gradually, as speed is acquired. The
lever hooked well towards center of quadrant, with throttle well
11
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open, usually gives better results than using the throttle to govern
the speed. Up to five years ago we considered it good practice with
our smaller power to run with wide open throttle, and as short a
point of cut-off as possible consistent with weight of train, but in
our heavier and larger engines we find that it is better at many
times to throttle the engine. Particular attention is called to all
wide fire-box type locomotives. The engineer can permit the reverse lever in these engines to remain low in the quadrant when
starting from a station, for a greater length of time than with the
other types of locomotives, without pulling the fire or losing steam.
When you are running on short time, it would be good judgment
for the engineer to take advantage of this when pulling out from a
station. In this, engineers will use their best judgment.
DON'T put four or five or more shovelfuls of coal into the
fire at once. One or two shovelfuls will give better results, and
these two should not be thrown in the same spot. It is good practice to fire on one side of the box at one time, and the next time on
the other side of the box, in order that the bright fire on one side
may take up the gases from the fresh coal on the other side. This
will reduce the smoke and give more steam.
Always fire as light as possible consistent with your work.
Very heavy firing will make your flues and staybolts leak, and in
time will crack your fire-box sheets. The reason for this is that
when you have a very heavy fire, the air will not pass up through
it readily, and the gases pass off, because there is not sufficient
oxygen to unite with them to produce combustion, and as the gases
must get air from somewhere the air is then pulled through the
fire door, causing the chilling of flues and sheets as referred to
above.
DON'T allow steam to escape at pops unnnecessarily. Frequent blowing off at pops shows improper judgment, and implies
that the engine crew is not practicing economy. Tests have demonstrated that lb. per second, or 15 lbs. per minute, is wasted.
This amounts to about one ordinary scoopful, and in most cases
may as well have been thrown on the ground as into the fire-box.
There are only 133 scoopfuls in a ton of coal, so you can see that
you would only have to have your pops open one hundred and
thirty-three minutes in a whole day in order to throw a ton of coal
away.

DON'T open the fire-box door to prevent steam blowing off at
pops when engine is working; dropping dampers is a better practice; the supply of air is cut off, and combustion is partially
suspended. When engine stops blowing off, open dampers again
before putting in coal. This method keeps fire in better condition
and saves coal. You have no doubt noticed that on Class R locomotives, when working hard on a hill, you have to shut your dampers in order to keep your fire from turning over. This is because the exhaust pulls too much air up through the grates, and
causes your coal to be too active. To prevent this activity of
coal as well as increased combustion which follows, we consider it
a good thing to drop your dampers, as per above.
DON'T insist on having the maximum steam pressure with
pops opening occasionally when handling light trains, when less
pressure will handle the train on time, tlius avoiding the opening of
pops.
DON'T forget, when engine is shut off for stations, to drop
your dampers, opening the fire-box door slightly if necessary, and
using the blower to carry off the black smoke.
DON'T blame the engine or coal if engine is not steaming
properly before you have ascertained whether or not both of you
are doing your duty. Talk it over ; see if injector is not supplying
more water than is being used, or that fireman is not firing too
light or too heavy. Heavy firing is responsible for more poor
steaming engines than the lighter method. You all know some
engine crews have better success than others with the same engines
and conditions. Think a little: there must be some cause for this.
DON'T wait until you get the signal to pull out before building up the fire. This should be done gradually until the proper
thickness has been reached. A good fire to start with is essential
to maintain the proper steam pressure, while engine is working
hard getting train under way. Afterwards distribute the coal
evenly on sides, ends and corners. Do this systematically, keeping in mind where you have placed the last shovelful, thus avoiding getting holes in fires, and preventing piling up coal all in one
place. Endeavor to keep the steam pressure uniform, with as
little black smoke as possible. Experience has taught that engines
with draft appliances properly adjusted require very little coal in
center of fire-box.
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DON'T permit. the water to get so high in boiler i hat it is
carried over into the valves and cylinders. This usually occurs
when pulling out of stations, and the water carries off the oil,
which not only results in cut valves and cylinders, but the extra
friction damages the entire rake motion, to the detriment of the
power of engine and the coal record.
DON'T gauge the amount of water an engine will safely
carry by water coining out of stack. Keep it low enough to insure
dry steam being used, because moist steam lias the same effect as
water. Usually one-half glass or two gauges give best results.
Be careful, however, that when ascending a grade, and you are
about to pitch over the other side, that you have sufficient water
to keep your crown-sheet thoroughly covered. If your custom has
been to carry high water, try less and note results in better handling of tonnage, also saving in coal and oil.
DON'T neglect to take advantage of your excess steam before
your engine is about to pop off by making a heater of your injector,
blowing steam back into tank to warm the cold water. but avoid
getting it so hot that the injector will not lift the water. By doinz,
this you will keep your engine from blowing off at pops when
standing at stations after the boiler is filled up. You have all
tried warming the water in the tank to help a poor steaming
engine with good results. What is good for a poor steaming engine will surely help a good steaming engine do better. Try it,
and you will find that it will not only save work for the fireman,
but will make a better coal record for the engine crew, besides
keeping the tank from sweating, which you are aware spoils paint.
DON'T think the fireman alone to blame for your coal record.
The best and most. economical fireman cannot make a showing with
an engineer who supplies more water to boiler than is being used,
and who shuts injector off only when boiler is pumped full. The
proper handling of the injector is one of the most important matters in saving coal. Feed water to boiler according to demands.
If on a through train, keep water level as possible. If on way,
freight or switch trains, lose a little water between stations. Fill
up again while drifting into, standing or switching at station.
The advantages of supplying less water than is being used between
stations are: It requires less coal to keep up steam pressure when
running; also leaves a space so injector can be worked to avoid
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pops opening, and heavier fire can also be maintained to do
switching, without the possibility of the fire being pulled.
DON'T pull out, after making a stop, with injectors working. The cool water introduced during period throttle was shut
off is put in circulation throughout the boiler, and pointer on gauge
drops back from five to twenty-five pounds. The fireman must
then fire heavier to regain the lost steam, and naturally will use
more coal. This condition exists also when engine has gone down
grade with throttle shut or slightly open. Shut the injector off
before opening the throttle. If this is not your practice, try it
and note the difference.
DON'T wait for the pops to open, and use this as. a signal to
put on the injector. Keep an eye on the air gauge, steam gauge
and water glass. You all know this can, be done without distracting your attention from the track ahead. A look for an instant
every mile or two will keep you informed, and is a good habit.
Doing this will also keep you posted on air pressure, and may
avoid difficulties should the air pump stop. The fireman should
also keep an eye on. the water glass, as the engineer is sometimes
compelled to keep the injector at work to prevent the engine blowing off. When glass is full, the fireman should fire lighter, to give
the engineer a chance to shut off the injector, and not have engine
blow off. However, this condition should only exist when injector cannot be worked fine enough to just supply amount used.
This sometimes occurs when card time is slow, or on down grade,
or when running with light train.
DON'T put too much coal under the arch of engines with
sloping fire-boxes, because these engines naturally pull the coal
ahead, which results in forward section of grates becoming stuck
and clinkered over, and fire is pulled in back end of fire-box. Ex
perience and observation will teach you to put most of the coal in
back end of fire-box.
DON'T think engine having two fire-box doors requires twice
the quantity of coal it would if it had but one. The extra door is
for the purpose of distributing the coal more evenly over the grate
surface, with less effort on the part of the fireman.
DON'T shovel large chunks of coal into fire-box because you
find them on the tank. The coal-house men have instructions to
break it in the size of an apple. If not properly broken, report it
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to road foreman of engines or to master mechanic, instead of fellowengineers or firemen, but don't think it a hardship to break some
occasionally. Better break it than to throw in large chunks. They
are foundations for clinkers.
DON'T expect the fireman to fire the engine with one or two
scoops to each fire, and also ring the bell for highway crossings and
stations. Some engineers expect this. If engine is equipped with
an air bell-ringer, get into the habit of starting the bell-ringer
when blowing the whistle. By so doing the habit will become as
fixed as whistling for crossings and stations. Besides, it is just
as important. Remember, the engineer is responsible.
DON'T put in a heavy fire about the time the engine is shut
off for a station or down-grade. The heavy cloud of black smoke
is evidence the engine crew is not working in harmony or practicing
economy. If on train that stops at all stations, the fireman should
guard against it. and learn when to stop firing. He will be governed by grade, service, and weather conditions. If train does not
make all station stops, the engineer should keep the fireman informed of intended stops.
DON'T forget that diffierent qualities of coal and different
makes of grate used govern the shaking of grates. Coal that fills
up and clinkers requires more attention than the better grade.
The object is to keep the grates free so the proper amount of air
can be admitted.
DON'T neglect cleaning your fire on trains that are long
hours on the road. Make use of the first opportunity. You will
get better results with less labor and coal and avoid leaky flues.
Better clean out a small amount two or three times than not clean it
at all.
DON'T take coal or water oftener than necessary, as it requires an extra amount. of coal to again get. a heavy train in motion,
especially on a grade. Good judgment is required, in order not
to run short before getting to next coal chute or water tank.
Where possible take water only from tank containing good water,
and as little as you can from tanks containing poor water.
DON'T forget. that leaks in the air pressure are being kept
up by an equal amount of steam pressure. As it takes coal to
make steam, air leakage means a waste of coal. Keep apparatus
on your engine tight, and insist on trainmen doing their part.
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DON'T try to put more coal on tank than will lay on it
securely. All coal dropped off by overloading is wasted. Also
keep coal from falling out of gangway when running. This may
be only a little each day, but it all counts against your coal records,
besides it looks badly when strewn along the tracks. You can not
save coal by the ton; it must be in pounds, which in time make
tons.
DON'T forget to make an intelligent report on your work
slip on arrival at roundhouse. Consult your fireman in regard to
any defect that has come to his notice, especially with grates,
dampers or firing tools.
DON'T neglect reporting the pop valves ground in when
leaking or when they blow back eight or ten pounds before seating.
Also report leaky piston rod and valve stein packings„ or if cylinder packing or valves are blowing. All these leaks draw on the
coal pile unnecessarily; it takes coal to generate the wasted steam.
This also applies to leaky steam beat appliances, cylinder cocks, etc.
DON'T neglect looking at coal report each month to see how
you stand in relation to others in same service with whom you are
comparable. The other crews get the same pay you do, and it
should be your aim to be as economical with both fuel and supplies as they are, other things being equal. Keep posted, and be
with the average. It will be to your credit and interest some
time; therefore aim to be at the top.
DON'T think when coal reports show you using only two
pounds more per 100 ton miles than other crews in same service
it is close enough. This means more used for every mile you
hauled 100 tons—or another way, two pounds for every 100 tons
hauled one mile. Figure this up and you will find in hauling
1,000 tons 100 miles, a difference of 2,000 pounds or one ton.
This method of showing up the individual record is more equitable
to all than on basis of miles run per ton of coal.
DON'T think, after reading over this chapter of "DON'TS"
you should save coal to the detriment of the service. The actual
amount required to make up time, keep on time, or handle tonnage, is not what we are trying to save ; it is the waste. You will.
notice the proper method of handling the engine to the extent
of the economical use of fuel only has been considered.
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1. What is the first and chief purpose of firing a locomotive?
2. How may the largest quantity of steam be produced in a
given time by a given locomotive?
3. Describe two general systems of firing locomotives with
bituminous coal.
4. How may the proper amount of air for a given coal be
determined ?
5. What are the qualifications of a good fireman?
6. How should a locomotive be prepared before starting?
7. Give five rules which should be followed when burning
bituminous coal.
8. What are the duties of a fireman when the engine is resting at stations?
9. How should an engine be fired near the end of a run?
10. What are the causes of a spotty fire and bow should they
be remedied ?
11. Suppose the coal does not seem to get sufficient air what
would you do?
12. What is the effect of throwing too much coal on one part
of the grate ?
13. Explain the difference between firing anthracite and
bituminous coal.
14. Why is a larger grate area necessary for anthracite than
for bituminous?
15. How thick should a bituminous coal fire be kept ?
16. Describe a method for starting an oil burner.
17. When should the blower be used to prevent smoke?
18. What are the principal difficulties of preventing smoke
with the average locomotive?
19. How should the coal be prepared before it is put on the
tender ?
20. How should the blower be used when running?
.
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21. Has the different conditions of the grates anything to do
with the suppression of black smoke ?
22. Which coal will produce the most smoke, fine coal or
lump coal ?
23. Of what use are combustion chambers on locomotives?
24. What are the advantages and disadvantages of the combustion chamber
25. Describe the method of firing used on the B. & 0. Railroad.
26. How often should rocking grates be shaken when using
bituminous coal ?
27. When should the furnace doors be opened ?
28. Should brick-arches be used when burning coke ?
29. How is a coke fire started, and what attention does a
coke fire require ?
30. How are coke fires cleaned ?
31. Does it require a larger or smaller blast for a coke fire
than for a bituminous coal fire?
32. Describe the methods recommended by the B. & 0. Railroad for firing coke.
33. If the steam is blowing off at the safety valves what
should be done to prevent it ?
34. What should be done when the engine is stopping at
stations?
35. What is usually the cause of steam being wasted from the
safety valve?
36. Within what limits should the steam pressure be allowed
to vary ?
37. Why are the grates made to shake, and when should they
be shaken ?
38. How is a locomotive injured when a fire is started too
rapidly ?
39. If the fire in the fire-box has been banked, how should
it be prepared before starting?
40. About how much steam is wasted per minute when the
pops are blowing off ?
41. When the engine stops blowing off, should you put more
coal on the fire, or open the dampers first ?
'
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42. In case large chunks of coal are found on the tender, is
it advisable to break them before firing?
43. Do large chunks of coal make more or less clinker?
44. When the engine is on grades which require the throttle of the engine to be opened full, how should the fireman fire ?
4S. When firing anthracite coal, what determines the frequency of firing and the thickness of the fire ?
40. When pulling out of a station, should the injector be shut
off before or after the throttle is opened ?
47. Explain how heating the feed water with the injector
will help a poor steaming engine.

Mechanical Stokers
While the use of the mechanical stoker on locomotives is still
more or less in the experimental state, there are a number of railroads using them in order to determine accurately what saving
there will he in fuel, how much it will relieve the fireman, how
it can maintain an even steam pressure, and to what extent it will
abolish the smoke nuisance. All that. can be expected of a mechanical stoker is to equal average good firing. It cannot be expected to equal the best hand-firing, but it must., of course, do better than a poor fireman. This, however, is but one of the conditions which a successful mechanical stoker must meet, although
it is the most important. A stoker which is to receive general
adoption, however, must also possess a number of other important
features.
Requirements of a Mechanical Stoker. In the first place, a
mechanical stoker must be absolutely reliable. No railroad company can afford to put anything on its locomotives which has any
possibilities of causing an engine failure. Again, a satisfactory
stoker must be comparatively noiseless. There is already sufficient racket in the cab of a locomotive to make communication between the engineer and fireman somewhat difficult, and it will not
do to increase this to any appreciable extent, and thus make such
communication practically impossible. In addition to this, any
great addition to the noise on a locomotive is going to make it
extremely difficult for an engineer to hear torpedoes. Another
desirable feature is that the stoker should take up as little room
as possible. It should further consist of the fewest possible number of parts, so as to permit a quick and easy change to handfiring in ease such a naive becomes necessary. In addition to
these strictly mechanieal qualifications, a stoker must be able to
show a direct saving, which will at. least pay the interest on its
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cost, a liberal rate of depreciation and all charges for maintenance
Saving Due to the Use of Mechanical Stokers. The saving due
to the use of mechanical stokers may be made up in several ways,
viz: by improved combustion, leading to the use of a smaller
amount of fuel ; by the use of a lower,grade fuel, due to the stoker's
ability to fire properly ; by the opportunity of operating large
engines over divisions of a length which exhausts a good fireman
and leads him to waste coal by improper firing en the latter end
of his run; by the reduction of leaky flues and fire-boxes directly
due to the proper firing; by the reduction of the smoke nuisance in
large cities, owing to the better condition of combustion, and possibly also by the ability to hold a better grade of men.
While practically all of the designs of mechanical stokers,
which have been given practical trials, have sought to follow the
principles of hand-firing, accomplishing this by several different
methods, there are designs now in the process of evolution which
seek to accomplish the desired result in other ways. One of these
is an underfed type in which the coal is forced up from below and
is burned by means of the forced draft. This permits the elimination of the vacuum in the front end, and thus a considerable
reduction in back pressure on the cylinders. This type of stoker
is claimed to be capable of burning very low-grade fuel, giving
practically complete and smokeless combustion.
Another arrangement which has been suggested, and is being
worked out, which also presents possibilities for use of extremely
low-grade fuels, is a stoker in which the fuel is pulverized and
blown into the fire-box through a jet, burning much the same as
oil. Properly arranged, this stoker should be able to give practically perfect combustion.
Types of Mechanical Stokers.
The stokers which imitate
hand-firing can be divided, roughly, into three different types,
one in which the coal is thrown on the different parts of the grate
by means of a plunger, a deflection plate being used to govern the
direction; another blows the coal to different points on the grate
by means of air or steam jets, and the third type uses a revolving
fan arrangement, the wings of which throw the coal through a
spout, which is capable of adjustment to determine the point on
the grate which shall be reached.

In all of these types the.principIes of correct hand-firing are
followed out ; that is, a small amount of well broken coal is scattered in either a thin layer over certain separate sections, or in
small pieces miscellaneously over the whole area of the grate. In
the former case the different sections are covered in succession,
with such a time interval as to make the action of the stoker continuous while the engine is working at full capacity. The best
examples of each of these types incorporate a conveyor from the
tender to the hopper, forming part of the stoker proper, thus permitting the fireman to devote his entire time to watching the condition of his fire, shaking the grate, and assisting in keeping a
lookout ahead.
One design of each of these types has proven itself to be sue-
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cessful in practical service, and while perfection has not yet been
reached, still there are a number of designs of mechanical stokers
which have proven themselves capable of properly firing locomotives now in service in this country, each being designed on a different principle.

Hayden Mechanical Stoker. This stoker is of the type wherein
the coal is blown in small amounts on to the grate by means of a
steam jet. The combined delivery and feeding mechanism used
in this design of stoker, and by which coal is taken from the fuel
space in the tender and delivered in the fire-box, may be considered to be, as it actually is, two distinct pieces of apparatus, as
shown in Fig. 1. The function of the tender equipment is to convey coal to a hopper on the back boiler head, and the engine
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equipment consists of the appliance by which the coal in the hopper
is introduced into the fire-box and spread upon the fire. The
operation of the stoker, as a whole, may be rendered continuous,
or either or both parts of the mechanism may be stopped at will.
Hand-firing may be resorted to without altering the stoker mechanism, as it is practically out of the way of the fireman and engineer all the time.
Tracing the coal from tender to fire-box, there is first the

IRON, ,r4EVATAPPI Of TeNDER

Fig. 2
FRONT ELEVATION OF TENDER.IlAYDEN STOXER.

receiving grate. This is a heavy casting placed in the floor of
the tender close in front of the coal gates. The casting has a
series of openings separated by narrow bridges, and through these
openings the coal drops into a conveyor trough, immediately under
the receiving grate. In this trough, which extends across the fuel
space from water leg to water leg of the tank, are a series of
buckets carried on a pair of endless chains. The conveyor system
as shown in Fig. 2 consists of the bottom trough, at each end of
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which are two upright hollow tubes of oblong section, with an
overhead tube, corresponding to the conveyor trough in the floor
of the tender. The conveyor buckets move along the trough toward
the right., up the hollow tube at that end, then back along the overhead horizontal tube, and down the lefthand hollow tube of the
system. The conveyor buckets therefore travel in a rectangle,
and elevate coal to a height of about six feet above the receiving
grate. When the coal, moved along by the buckets, comes to the
center of the overhead tube, it is discharged into a worm conveyor
at the same level, which is placed fore and aft, and by means of
the worm the coal slowly travels forward toward the engine, and
on reaching the end of the worm conveyor trough it drops into the
hopper, which is carried on the back head of the boiler.
The overhead worm conveyor trough is carried on angle-iron
supports, reaching in arch form from the top of the water legs of
the tank, and additional support is afforded by attachment to the
overhead conveyor tube. There is no connection between the
tender equipment and that on the engine, so that by uncoupling
the small steam pipes and other regular connections between engine
and tender, the tender may be readily disconnected from the
engine. The worm conveyor trough passes in below the overhanging roof of the cab, and is above and free from the hopper,
so that. inequalities of motion of engine and tender do not disturb
the constant. delivery of coal from the tender to the engine while
the conveyor mechanism is at work.
The motion of the buckets and that of the worm in the longitudinal overhead conveyor is produced by the operation of a small
twin engine shown in Fig. 2, the piston rods of which are fitted
with Scotch yokes, which secure the rotation of the gear and
sprocket wheels necessary to drive the mechanism. The engine is
bolted to the right upright conveyor tube, and steam and exhaust
pipes are carried through the floor of the tender and connect with
pipes on the engine by means of flexible joints. The steam used
for driving the engine is taken from the outside at the top of the
dome, and the exhaust connects with the blower pipe, and waste
steam is discharged up the stack in a manner similar to that of
the air pump. The carrying of coal from the tender to the hopper on the boiler head is performed by this small engine, and the
speed of the conveyor mechanism and the speed of delivery may be
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regulated according to work the engine is doing at any time.
Shutting off the steam supply to the small engine stops the delivery of coal.
The conveyors and small engine thus perform what is probably the greater part of the physical work of the fireman, and as
such the tender equipment might be called a mechanical coalheaver, while the task of distributing coal to the fire is performed
by the engine equipment, and this latter constitutes the mechanical
stoker proper.

The hopper when full contains about 175 pounds of fine coal,
which is the kind for which the stoker is designed.
Immediately below the hopper is the fire door, modified to
suit conditions. The door contains a slightly tapering coal passage or chute, set at an angle of about 45 degrees. The function
of this passage is to permit coal from the hopper, on the back
boiler head, to be delivered to the inside of the fire-box. The door
is not connected with the hopper in any way, and when the slide
at the base of the hopper is closed the fire door can be opened or
closed by hand quite readily, as it is not a fixed part of the mechanical stoker. The coal, after it passes through this tapering
chute in the door, is delivered on the door flange above the water
space and on a flat table which is bolted to the inside back sheet of
the fire-box. The fine coal thus delivered remains heaped on the
table and up to the mouth of the tapering chute in the door. The
size of this loose heap may be altered from time to time by the
adjustment of the movable plate on the outside and upper part of
the tapering chute.
The final distribution ci coal over the grate is accomplished
by means of an intermittent steam blast, which is driven out flat
over the table from five radially directed nozzles. The blast undermines and blows away the heap of coal on the table, and in the
interval, before the succeeding blast of steam issues forth, the
coal quickly feeds down on the table and makes a heap as before.
The mechanism by which the intermittent blast for automatic
firing is produced consists of a smaller size of twin engine than
that used on the tender, but similar in design, as shown in Figs.
3, 4 and 5. The rotation of a small shaft which it accomplishes
turns a small gear wheel placed in an upright position, which carries on its face a striking pin with a beveled end.
The striking pin is attached to the revolving gear wheel, and
is adjustable in a guideway. This striking pin, when revolving,
strikes the beveled end of a ball crank lever and rocks it on its
fulcrum at its center. This bell crank lever, when rocked, lifts
a small auxiliary valve that is seated in the top cap of the blast
valve. This auxiliary valve has a stem on it that extends downward through the piston valve, but the piston valve works freely
on this stem and is not attached to it. The idea of extending this
stem into the piston valve is to keep the steam pressure off the
l7

The engine equipment consists of a hopper with a feed tube
at the bottom, by means of which coal passes through the fire door.
There is also a set of steam nozzles and a small engine for operating an intermittent steam blast for distributing the coal over the
fire. The hopper is bolted to the back head of the boiler above the
fire door, and has an opening at the top and bottom. The bottom
opening is controlled by a slide operated by hand, tInd the amount
of coal which passes out of the hopper is thus regulated at will.
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bottom of the auxiliary valve, so that the auxiliary valve is practically a balanced valve when open.
When the auxiliary valve is lifted it opens a by-pass port
leading from the main steam supply to top of piston valve, thus
equalizing pressure on top head of piston, allowing it to more
downward and opening the passage to blast nozzles. The interior

striking pin and lever are in contact, and as soon as the striking
pin on the rotating wheel has passed beyond the lever, the internal
pressure of the piston valve and the action of the coil spring at
the end of the lever promptly carry the piston valve up, and so
shuts off the flow of steam to the nozzles.
The travel of the piston valve, and the consequent width of
opening by which steam enters the blast pipe, is determined by the
adjustment of the striking pin on the small rotating wheel, and
this regulates the volume of steam which gets into the blast
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Fig. 5.
ARRANGEMENT OF CHUTE, HOPPER AND S FtELF.-HAYDEN
C11 AN1CAL STOKER.

cavity of this piston valve is, when in use, always filled with steam
direct from the boiler. The upper end of this piston valve has a
greater area than its lower end, and, as the valve is vertical, it is
normally held by steam pressure at. the upper extremity of its
stroke. In this position the valve is shut, for though the internal
cavity is constantly full of live steam, it cannot escape. The
opening of this valve takes place only while the bevel faces of the

pipe. The frequency with which the steam blasts are delivered
depends upon the speed at which the small engine is run, and the
pressure of the steam depends upon the amount of opening of the
hand valve governing the flow of steam to the small piston valve.
The casting from which the jets of steam issue lies flat on the
lower lip of the fire door. It is practically out of the way all of
the time, and does not interfere with hand-firing. A hand valve
below each of the five blast nozzles makes it. possible to restrict
the opening or shunt off any particular nozzle, at. any time. The
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intermittent blast passing down the pipe from the piston valve
subdivides itself and issues forth from the nozzles, which are each
by inch. The heap of coal lying on the table is thus blown
off and distributed over the grate. The nozzles are divergent, the
outer two blowing the coal off the table toward the two back corners of the fire-box. The next two, slightly less divergent, blowing
the coal in the direction of the forward corners, while the center
one is directed straight ahead. The effect of this distribution,
when all the adjustments have been made, is to secure approximately an even spreading or sprinkling of coal over the grate surface. This automatic firing is constantly maintained at short
regular intervals, small amounts of coal are used at each discharge, and the fire door is not opened. A peephole in the door
enables the fireman to see what is going on in the fire-box.
The operation of the device is as follows: The fuel which is
fed into the hopper by the conveyor flows by gravity through the
chute in the door, and rests in a pile on the shelf in front of the
jets. The size of this pile of fuel is determined by the position of
the plate at the mouth of the chute. The fuel being fed continuously through the hopper and chute forms an air seal and preserves the draft in the furnace. The jet valves are throttled, so
that when the blast operates the fuel is thrown to all parts of the
furnace and scattered evenly over the fire. The intensity of this
blast is dependent upon the draft conditions in the furnace. The
duration of the blast is controlled by means of an adjustment of
the trip finger, which operates the auxiliary valve by means of
the bell crank lever, and thus holds this valve open for a varying
period of time. The usual period of blast is about one second.
The speed of the conveyor engine determines the amount of coal
that is fed to the hopper, and can be varied to suit the conditions.
For very light firing the stoker is able to place two or three pounds
of coal at one charge as often as may be desired, and for ordinary
heavy firing it can place ten pounds of coal per charge with a blast
of from 14 to 2 seconds' duration, operating seven times a minute.
If desired, the blast can be made continuous, and as much coal as
the conveyor will deliver can be put on the fire.
The advantages claimed for the Hayden Stoker are as follows: No changes of the grates or boiler front are necessary; the
device is located on boiler head above the fire door out of the way

of the engine crew, and the conveyor from the tender conies forward high enough to clear the fireman; the feeding apparatus lies
entirely upon the exterior of the boiler, and can be examined at any
time without discontinuing the use of the boiler ; if desired, the
fuel can be fed by tripping the bell crank lever on the blast valve
by hand ; it provides for continuously maintaining a supply of fuel
at the mouth of the furnace, and for intermittently discharging
any desired amount into the furnace; the opening and closing of
the blast valve is instantaneous, therefore the full force of the
blast is projected from the jets; means arc provided to regulate
the force and duration of the blast independent of each other;
the amount of steam used by the blast is very small, as ordinarily
one second duration of the blast is sufficient ; the amount of each
charge of coal depends on the duration of the blast, and a very
small charge can be thrown, insuring more perfect combustion and
very materially decreasing the amount of smoke; slack coal that
could not be used by hand-firing can be used by machine very successfully and keep up steam pressure; takes coal from tender and
distributes it in fire-box without. opening fire door, therefore boiler
repairs due to the frequent opening and closing of fire door are
entirely eliminated; the distribution of fuel in the fire-box, including back corners, is more evenly accomplished than by handfiring ; one fireman only is necessary on large locomotives, as the
steam pressure is maintained at the maximum capacity of boiler
of the largest locomotive; the stoker in no way interferes with
hand-firing. The hopper slide can be closed and fuel underneath
worked out ; then fire door can be opened in the usual manner to
fire by hand, or for any other purpose.
Crosby Mechanical Stoker. This stoker is of the revolving
blade type, in which the coal is thrown into the furnace by means
of revolving blades, the chute on the inside of the fire door directing the coal to the point desired, as shown in Fig. 6.
In the working of this mechanical stoker on locomotives
there are practically three operations. They are the transfer of
coal from the tender to the fire door, the application of the force
requisite to throw the coal into the fire-box, and the operation
which consists of properly distributing it.
The first step is obtained by means of a screw conveyor extending from the coal spare in the tender to the fire door, and
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running in a sheet metal trough with a circular bottom and flaring sides. This conveyor is in two parts, one section extending
from the back of the coal space to a point just in front of the coal
gate, where both the spiral and the trough are joined to the inclined section in a manner which provides perfect freeness for
adjustment to the relative movement between the locomotive and
tender, and also to allow the inclined section to be thrown back
against the coal gate when not in use. The section in the bottom
of the tender is covered from its rear end to within a few inches of
the coal gate by plates ahont a foot long. These plates are removed one by one as the coal pile gets further back in the tender.

This conveyor is driven from the same source of power as are the
revolving blades, but is provided with a cone gear arrangement,
which permits it to have a variable speed. A lever, conveniently
placed, controls the speed or the starting and stopping of the conveyor by the fireman. The conveyor will handle lumps of coal up
to about ten or twelve inches in size.
The conveyor discharges the coal into a small receiving hopper, where the rapidly revolving Wades gather it and discharge it
through a round nozzle in the door. These each discharge onehalf of the receiving hopper, being offset for that purpose, and run
at a constant speed while in operation. The receiving hopper
forms part of the casting, which is bolted to a specially designed
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door, replacing the regular fire door. Alongside of it is a steamtight chamber, in which is mounted a steam turbine disc, upon
which four small steam jets impinge. The turbine wheel and
rotating blades are mounted on one shaft, which at the turbine
end projects through the brariug and carries a fly-ball governor
mechanism, which operates the steam valve and provides an automatic constant speed arrangement for the blades. The opposite

Fig.
CROSBY STOKER WITH FEED ARRANGEMENT THROWN BACK.

-

end of this shaft projects beyond the case, and carries a worm,
which drives h worm gear, all being contained in an oil-tight case
bolted to the frame. The worm gear shaft provides the motion
for the screw conveyor; it also, on the opposite end, carries a small
worm meshing with a gear, which further reduces the speed and
drives the mechanism controlling the motion of the spreading
chute, which directs the stream of coal in the fire-box. This
small worm may be engaged or disengaged from the shaft by a
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small lever, and thereby stop the spreader at any point in its cycle
and build up the fire where it may need special attention.
The spreading arrangement automatically passes through a
cycle of movements, which accomplish the following results: The
thin stream of coal issuing from it is distributed in a thin layer
over a strip one-third of the width of the fire-box down the left
side, starting from the flue sheet and extending back into the back
corner; then with a quick movement the spreader starts at the
flue sheet in the center of the fire-box, and distributes the coal over
the center one-third of the width; then quickly moves to the front
right corner and down the right side, including- the back corner,
then transfers again to the front left corner and repeats the cycle.
This motion is entirely automatic, but can be interrupted at any
point, as above mentioned.
A specially designed door shown in Fig. 7 replaces the regular fire door, and to this door is bolted a casting which is called
the " Main frame." It is essentially a two-chamber casting, one
chamber of which is covered steam-tight by a head. In this steamtight chamber a steam turbine disc is mounted, and upon which
four small steam jets impinge. The other chamber contains the
rotary discharger before mentioned. A shaft runs through both
these chambers and carries the turbine wheel and the discharger,
thus making a simple, direct connection, with only a thin partition between.
On the right, or turbine end, the shaft projects beyond the
journal which carries it, and has a fly-ball governor and mechanism mounted upon the projecting end. Steam is admitted to the
governor valve at full boiler pressure, and the governor controls
the speed from no lead to full lead without attention from the
fireman.
The other end of the shaft also projects beyond its journal,
and carries a spur gear, which, in turn, drives a worm gear. This
gearing is contained in an nil-tight ease bolted to the main frame.
The worm-driven shaft, running at a suitable speed, projects from
this case, carrying a feather key, over which slips the sleeve con- .
nectiowhdrvsmneyocgar.Tht,ine
end of this worm-driven shaft carries a smaller worm, which further reduces the speed for driving the spreader mechanism. This
worm may be engaged or disengaged from the shaft by means of a
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small and conveniently placed lever, and by moving this lever the
spreader may be stopped at any point of its cycle, in order to build
up the fire where it may have become weak. This worm and
clutch are also enclosed in an oil-tight case.
In case of necessity this stoker can be disconnected and put
out of the way, and permit hand-firing to be started in the usual
manner within a space of thirty seconds. The total weight of the
stoker and conveyor is about 900 pounds.
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Fig. 8
VICTOR STOKER.

The work of developing this stoker was all done on the Chicago & Northwestern Railroad, where it, after a certain series of
preliminary experiments had been completed, showed itself to
be entirely reliable.
Victor Mechanical Stoker. The Victor Stoker consists of a
coal hopper, which stands on a frame, as shown in Fig. 8. The
frame, which is attached to the boiler and is supported upon three
small wheels, stands on the foot-plate of the locomotive. Under-
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neath the hopper is a steain.cylinder placed horizontally, which
operates a ram or plunger for throwing coal into the fire-box.
Under the hopper and at the forward end, placed crosswise, is a
small reciprocating engine, which operates the valve of the plunger
engine, and it also keeps a pair of conveyor screws in motion.
The conveyor screws lie along the bottom of the coal hopper,
one on each side, and their motion is effected by the rotation of their
shafts by ratchets; pawls being at tached to a lever with connection
rod, actuated by the small reciprocating engine. Coal thrown
into the hopper by the fireman is thus constantly worked forward
and delivered on the stoking plate in front of the ram.
The reciprocating movement of the ram or plunger is the same
as the piston of the plunger engine which drives it. This piston
is driven forward by live steam pressure, but it makes, in regular
order, what may be called a rapid, medium and slow stroke, according to the amount of steam admitted behind it. This effect is
produced in a regular cycle by the successive opening of three
valves, one at each stroke, and these valves are rotated in a regular order, and thus opened and closed by a ratchet-and-pawl mechanism similar to that for the conveyor screws, and operated by
the small reciprocating engine.
The front of the plunger or ram is wedge-shaped, resembling
a locomotive pilot, and when driven rapidly into the small heap
of coal on the stoking plate, which has been previously placed
there by the action of the conveyor screws, the little heap is
thrown into the fire-box over an upward sloping deflector. The
force of the blow, the shape of the ram and the angle of the deflector plate all conspire to produce a spreading and shower-like
distribution of the coal over the front area of the grate. The second and less violent stroke of the ram causes a similar distribution of coal over the middle area of the grate, and the third and
slowest. stroke showers the coal upon the rear area of the grate.
The rapid, medium and slow strokes of the plunger follow
each other in regular sequence, and thus the coal falls upon the
back, middle and front of the fire-box. The return of the plunger
and piston being in each case produced by live steam pressure, the
exhaust from the reciprocating and plunger engines enters the firebox over the deflector plate.
As the plunger is drawn back there is for a moment a rush of

air into the fire-box through the space left by the receding plunger ;
but this space is at once filled by coal, urged forward by the action
of the conveyor screws. With this stroke the work of the fireman
is to shovel the coal into the hopper and regulate the speed of the
whole mechanism as circumstances may require.
The Strouse Stoker. This stoker is of the plunger type, as
shown in Fig. 9, and although it was not evolved from what was
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formerly known as the Day-Kincade stoker, its general appearance is somewhat similar. It consists of a detachable frame
mounted on wheels for easy handling. This frame carries a detachable hopper, a reciprocating plunger, which distributes the
coal, and a horizontal steam cylinder with valves, valve motion,
throttle lever, etc. There is a special fire door, hinged at. the top,
which opens inwardly and is operated automatically. A simple
conveyor takes coal from the bottom of the tender and delivers it to
the hopper.
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The delivery and distribution of coat is effected by the action
of a steam-driven plunger moving horizontally and mounted in
guides. This plunger is fitted with a specially shaped steel nose,
as shown in Fig. 10. Coal from the hopper feeds down into the
pockets and upon the plunger nose platform in the fire-box doorway. The forward movement of the plunger scatters the coal
forward and to the sides, so that the forward part and front corners
of the grates are properly covered. The body of the plunger
when pushed forward cuts off the coal feeding from the hopper
until the nose returns to its farthest back position to receive the
next charge. Two pockets are provided, one on either side of the
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hopper is so arranged that it can be used to fire alternate sides
of the fire-box, if desired.
The operation of the stoker by the fireman consists in regulating the speed of the conveyor mechanism and governing the
length and intensity of the plunger stroke by the stoker throttle
lever. The movement of the plunger is not automatically reduced to a cycle as with other forms of mechanical stokers, as the
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Fig. 10
NOSE OF PI.FNO ER USED ON STEM:SE
STOKER.

rear portion of the nose, and these carry a part of the coal into the
fire-box on the forward stroke of the plunger, and on its backward
stroke these pockets discharge this coal onto the back corners and
rear part of the grates.
This specially designed fire door is hinged at the top, and is
opened and closed automatically by the operation of the stoker
throttle mechanism. The whole apparatus, with the exception
of this door, is sceurerl to the fire dear ring by two slotted lugs
and keys, and by suspension turn-buckle rods, which hook into
e ves on the boiler h ead. The striker is thus easily detachable, and
can be quickly removed for hand-firing in case of breakage. The

Fig. 11
LONGITUDINAL SECTION THROUOTI FIRE-BON EMPLOYING THE
PARSONS SYSTEM.

design and action of the plunger make this unnecessary. The
plunger stroke can be shortened or lengthened at will by the fireman, who can also vary the speed with which it moves. After
having set it to work, the plunger movement. remains constant
until altered by the fireman. heavy Consolidation locomotives
on the Iowa Central are being successfully fired by this stoker.
Other Systems of Combustion. Besides the improvements
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which have been going on in the development of mechanical
stokers, there have been a considerable munber of fuel-saving devices invented and tried on various locomotives with only partial
success, very few of them having ever reached more than the experimental stage. lfost of these devices, or systems, employed

Fig. 12
CROSS-SECTION THUM - OH FIRE-BOX SHOWING TITE PARSONS ARRANORMENT OF STEAM PIPE.
some form of steam jet and blower ; but as these consumed more
power than they saved, they were all discontinued as being impractical for locomotive use. There is one system, however, which
seems to have weathered the experimental stage, and is being
equipped on some locomotives, and that is the Parsons system of
combustion.
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Parsons System of Combustion. The Parsons system as applied to locomotives has been in the process of development for a
number of years, and consists principally of two heater boxes, one
of which is located in each of the back corners of the fire-box of
the locomotive, without any change in the fire-boxes. These heater
boxes are hollow, each suitably connected at the bottom with an
intake pipe, terminating on the outside of the locomotive with a
suitably designed funnel or air scoop, by which fresh air is forced
through the heater boxes as the locomotive moves, very much as
tanks are filled with water from track tanks.
The heater boxes, protected by suitably designed fire brick,
stand in the bed of fuel, and are necessarily always very hot. The
incoming air passing through them is heated to a high temperature,
and is discharged through the nozzles on a line with the centers of
the bottom row of tubes, and completely across the width of the
fire-box, so that a correct mixture of the gases rising from the bed
of fuel, with a proper amount of highly heated fresh air, is obtained, and complete combustion is the result. :No smoke is
generated, and the cinders are consumed in the fire-box.
Tire arrangement of the air openings and connections is
shown in Figs. 11 and 12. Fig. 11 represents a longitudinal section through the fire-box, and illustrates the discharge of heated
air from the nozzles over the bed of fuel in the direction of the.
centers of the bottom row of tubes and across the gears rising from
the fuel. Fig. 12 is a cross section through the fire-box looking
from the back flue-sheet towards the fire door, and shows the steam
pipe connection which is needed to supply the fresh air when locomotives are standing or when running at low speeds.
When the locomotive is standing the blower is turned on
and the valve in the steam pipe on the back head of the boiler is
opened sufficiently to draw through the heater boxes sufficient air
for the combustion of the gases. Enough air is admitted to prevent smoke from issuing from the stack.
The locomotives equipped with the Parsons arrangement are
fired the same as with an ordinary locomotive; but it is claimed
that there is less trouble with the fire, thus allowing firemen to
more easily fire the large power locomotives in use to-day.
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REVIEW QUESTIONS.
MECHANICAL STOKEI1.8.
1. Name several reasons why the mechanical stoker is being introduced
upon locomotives.
2. Explain in what way a mechanical stoker can help a fireman to
properly fire the boiler.
3. Give several requirements of a mechanical stoker which are absolutely necessary before it can be used on a locomotive.
4. Explain in what way a mechanical stoker will aid the fireman in
saving fuel.
5. Give a brief description of three different types of mechanical
stokers, and explain the different methods with which they fire coal in the
fire-box.
6. Give the general method of firing coal as used in the Hayden mechanical stoker.
7. Explain how the coal is carried from the tender to the fire-box in a
Hayden stoker.
8. How is the delivery of coal in a Hayden stoker shut off from the
tender to the fire-box?
9. What kind of coal is used for a Hayden stoker and how is it distributed over the fire?
10. Of what use is the intermittent steam blast in a Hayden stoker?
11. Name some of the advantages claimed for the Hayden stoker.
12. Describe the Crosby mechanical stoker, and explain how it differs
from the Hayden stoker.
13. How is the coal distributed over the fire when a Crosby stoker is
used ?
14. What kind of a fire door is necessary in connection with a Crosby
stoker ?
15, Explain how this stoker can be disconnected so that the boiler can
be fired by hand.
16. Describe the general arrangement of the Victor stoker, and explain
how it conveys the coal into the fire-box.
17. Describe the general principles of the Strouse mechanical stoker, and
explain how it differs from the Victor stoker.
18. In what way can the fireman regulate the amount of coal delivered
by a Stronse stoker?
19. Explain how the fireman regulates the amount of coal fed to the
boiler by a Victor stoker.
20. Explain the Parsons system of combustion which is used on locomotives.
21. What changes in the fire-box are necessary when the Parsons system of combustion is used ?
22. Explain the use of the blower in connection with the Parsons system.
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The locomotive boiler is one of the most important parts of
a locomotive, and although apparently it may not seem to demand
the same attention from the designer and engineer as the more delicate moving parts, yet, unless properly constructed and cared for,
the steaming capacity and efficiency of the locomotive will be considerably reduced. The power that a locomotive is capable of developing depends upon the size of the cylinders and boiler. Owing
to transverse limitations imposed by structures on either side of
the track, the size of the locomotive must be kept within certain
limits. Up to the present time, it is the boiler that sets the limit
to the power that a locomotive is capable of exerting. Cylinders
can easily be constructed that will use all of the steam that the
boiler can generate. The tendency, therefore, of modern locomotive construction has been towards an increase in the size of the
boiler. The larger the boiler the greater will be the amount of
heating surface that it will contain and the more steam it will
supply.
Requirements of a Locomotive Boiler. The chief requirements
of a boiler are (1) that it shintid be amply strong in all its parts
to withstand the pressure to which it. will he subjected; (2) that
it should provide an abundant supply of steam for the cylinders
of the engine it is attached to; (3) that it should do this with the
least possible expenditure of fuel; (4) that it should be of such
design as to admit of repairing cheaply and readily ; (5) and that
it should be easily kept clear of scale and sediment.
Principal Parts of the Boiler. The principal parts of a loeomotive boiler are the fire-box, flues, dome, steam or dry pipe.
throttle valve, and smoke arch, in which are the steam pipes leading to the steam chest, the exhaust nozzles and the stack. The
13
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details of several types of locomotive boilers are shown in Figs.
1 and 2.
Fig. 1 represents the crown bar type of boiler, and Fig. 2
the radial stay type. The boiler proper is represented by 1; 2
represents the fire-box ; 3, the dome; 4, the dome ring; 5, the dome
cap ; 6, the dome base ; 7, the dome casing; 8, the dome cover; 9,
the throttle valve; 10, the throttle valve box ; 11, the throttle pipe;
12, throttle pipe elbow ; 13, throttle valve crank ; 14, throttle valve
rod ; 15 throttle valve stem ; 1(, throttle stuffing-box ; 17, throttle
stuffing-box gland ; 18, dry pipe; 19, dry pipe front end ; 20, dry
pipe ring on tube sheet ; 21, boiler tubes; 22, double cone; 23,
steam pipes ; 24, smoke-box ring: , ; 25, smoke-box front; 26, smokebox door; 28, number plate; 29, .smokestack base; 30, fire door;
31, fire door frame; 32, fire door liner ; 33, corner plug; 34, fusible
plug; 35, waist plug; 36, lagging; 37, jacket ; 38, smoke-box band;
39, safety valve; 40, safety valve stem; 41, safety valve spring;
42, safety valve spring cap ; 43, relief lever; 44, crown bar; 45,
staybolts; 46, spark ejector.
The boilers used upon locomotives are of a distinct type.
They consist of a cylindrical barrel or shell, which is nearly filled
with tubes. The back ends of these tubes open into the fire-box,
which is formed by two plates of metal spaced from 3 in. to 4 in.
apart. All locomotive boilers conform to this general description,
but there are many variations in the shape and size of the firebox and the method of staying the flat surfaces.
Heating Surface. In order that the heat produced by the combustion of the fuel may be absorbed by the plates and communicated to the water, it is necessary to provide as large an area as
possible for the heated gases to move over. It is not necessary to
have the actual flame of the fire reach alI, or indeed any, of the
heating surface, because flame becomes chilled by contact with any
metallic surface, and if by contact with a body it may be made to
part with heat, the incandescent- gas, which is usually called flame,
may thus be cooled before it. has fully combined with the oxygen
of the air, and this condition, known as imperfect combustion, is
obtained with corresponding loss of the heat units contained in
the fuel.
The heating surface is the internal area of the boiler exposed
to the direct action of the heated gases due to combustion, and this
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area is usually divided into fire-box heating surface and flue
heating surface. Other things being equal, the greater the heating surface the greater the efficiency of the boiler. The fire-box
heating surface is made up of the area of all the fire-box sheets
above the grate level. It consists of the inside back sheet, minus
the opening made for the fire door, the area of both the side sheets,
the area of the flue sheet, minus the total area of the openings for
the flues, and the area of the crown sheet.
The flue heating surface is found by taking the outside surface of any one flue and multiplying the number of square feet in
it by the total number of flues in the boiler. The outside or waterside of the flue is taken because that is the area which parts with
heat to the water. When the outside diameter and length of a flue
are known, the heating surface is found by multiplying the circumference of the flue in inches by the length in inches, and reducing the product to square feet. This result, when multiplied
by the number of tubes, gives the total flue heating surface in the
boiler.
Grate Area. The amount of grate area required is the factor,
more than any other, that influences the main design of a boiler,
and this factor is dependent upon the nature and the quality of the
fuel that is to be used. Wood, for example, requires for its proper
combustion a deep fire-box, and as the requisite depth cannot be
obtained except by placing the fire-box between the axles, the size
of a wood-burning box is practically limited to the distance between centers that it is considered expedient to place the coupled
wheels. Hard coal, on the other hand, requires a large, shallow
fire-box in which to burn to advantage, consequently the fire-box
has to be extended over one or more axles according to the type of
the engine. Thus each of these two fuels requires a particular
kind of fire-box; for wood, a deep one, and for bard coal, a shallow one. These are essentials, and cannot. be successfully deviated from. With soft coal, however, the case is different ; it can
be burned in either a deep or a comparatively shallow fire-box, and
it is generally the size of grate needed that determines which it
shall be. About 120 pounds of coal per square foot of grate area
per hour can be burned economically, although, when occasion
requires, as high as 200 pounds can be consumed, but not economically. Knowing the service the engine is to be employed in, it is
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possible, by estimating the amount of steam required per hour, to
calculate the quantity of coal that should be consumed, and so get
at the size of the grate.

construction of locomotive boilers in this country are wrought iron
and mild steel. Steel is universally used for the shell, heads and
fire-box sheets. The grade of steel used for the shell sheets is
known to the trade as flange or boiler steel. The desired tensile
strength is 60,000 pounds per square inch, with minimum and
maximum limits of 55,000 and 65,000 pounds. According to
standard specifications adopted by the American Railway Master
Mechanic's Association, the elongation in eight inches shall not
be less than twenty-five per cent for sheets three-quarters of an
inch thick, or under. For thicker sheets deduct one per cent from
specified elongation for each one-eighth inch additional thickness.
The chemical requirements demand that the phosphorus and sulphur shall be as little as possible, not exceeding 0.06 of one per
cent for phosphorus and 0.05 of one per cent for sulphur. The
manganese in the boiler steel is allowed to vary from 0.3 to 0.6 of
one per cent.
Specifications for Fire box Steel. According to the same specifications, the desired strength of fire-box steel is 57,000 pounds
per square inch, with minimum and maximum limits of 52,000
and 62,000 pounds. The elongation in eight inches shall not be
less than twenty-six per cent. The chemical requirements of
fire-box steel demand that the carbon be not less than 0.15 of one
per cent, or more than 0.25 of one per cent ; phosphorus and sulphur should not exceed 0.04 of one per cent, and manganese may
vary from 9.3 to 0.5 of one per cent.
The general requirements for boiler and fire-box steel demand that with special sized pieces it must be possible to bend the
metal double, either hot or cold, without having it show any crack
or flaw on the outside portion, after it has been heated to a cherryred and quenched in water having a temperature between 80 and
90 degrees.
Specifications for Braces and Staybolts. The bar iron used for
braces and other parts should have a tensile strength of from
50,000 lbs. to 60,000 lbs. per square inch of section. The strength
desired is 55,000 lbs., -with an elongation, before breaking, in an
8-inch test piece of 25 per cent.
The strength of staybolts should be about 50,000 lbs. per
square inch of section, but it must not be less than 48,000 lbs. As
this metal is usually softer than the bar iron, the elongation is

Relation of Size of Cylinders, Grate Area and Heating Surface.
Taking the piston displacement, or the space swept through by
the piston at each stroke of cylinder, in cubic feet as a startingpoint, and dividing it into the number of square feet of grate area
of a large number of successful soft coal-burning engines, having
cylinders ranging from seventeen to twenty-one inches diameter,
it has been found that the piston displacement of one cylinder hi
cubic feet multiplied by six gives the grate area of the boiler.
After deciding what area of grate is necessary, the length and
width may be readily found, and if the former is as long as to
be prohibitive of a box between the axles, then the box must go
over the back axle or axles, and either between or on top of the
engine frames, as may be deemed most desirable. Taking a 20 x
24-inch engine, the piston displacement, or the volume swept
through by the piston in one stroke, is 4.36 cubic feet. This, multiplied by 6, gives 26.16 square feet of grate surface required for
the boiler.
The amount of heating surface of both flue and fire-box may
be obtained in a similar way. Taking a large number of engines
now running, and dividing the piston displacement into the number of square feet of fire-box and flue heating surface, the result
in the case of the former is 36 and of the latter 370. Therefore,
to obtain the fire-box heating surface, many authorities follow the
rule of multiplying the piston displacement by 36, and to obtain
the flue heating surface they multiply the piston displacement by
370. The proportion of grate area to heating surface is generally made about 1 to 70, although a great diversity of practice
prevails, and no fixed ratio is strictly adhered to. An average
of eleven typical engines, taken at random among those built for
American railways recently, and burning soft coal, was 69.3
square feet of total heating surface to 1 square foot of grate area.
The design of the engine determines how long the flues shall be, and
when once this dimension and the diameter of the flues to be used
are settled upon, it is an easy matter to find how many flues will be
needed in the boiler.
Materials Used for Construction. The materials used in the

199

200

TEE

LocamonvE

BOILER.

greater, and should be 30 per cent.. If the elongation falls below
28 per cent, the staybolt should be rejected.
Boiler Tubes. Boiler tubes are made of either charcoal iron,
cold drawn steel or spellerized steel. In former years boiler tubes
were made almost. exclusively from charcoal iron, but most roads
are now using steel tubes in some form.
Modern Steel Boiler Tubes. The steel boiler tube made to-day,
both seamless and lapweld, is the outcome of many years' experience with charcoal iron. With the greatest care and supervision, charcoal iron tubes will give good results, but at. the present
time the supply of raw material of necessary high grade quality
is difficult to obtain, and the skilled labor, which is even more
essential, is becoming scarcer every year. The manual work required to produce a ball of charcoal iron, weighing about 250 to
300 pounds, taxes the endurance of the men, and requires, besides,
considerable experience and skill on the part of the " knobbier."
lien with the necessary capacity for acquiring this experience and
skill in knobbling iron can now make more money at occupations
which put far less tax on their vitality, hence the younger generation is going into other pursuits, and it is becoming more and
more difficult to recruit the ranks of knobblers and puddlers with
good men. As the quality of the material depends largely upon
its manipulation at the hands of the operator and the amount of
thorough working it receives under the hammer, the manufacture
of charcoal iron for boiler tubes by this process has become anything but satisfactory.
During recent. years the development of weldable steel has
offered a solution for this difficulty; the manufacture of welded
goods has grown to such proportions that it is now possible to keep
large plants, making thousands of tons a day, working on the manufacture of very low carbon weld steel exclusively. This insures
a degree of uniformity and a control over the product which were
formerly hard to get. Instead of being dependent on hundreds
of operators making a small amount per day, a few highly skilled
men are held responsible for the whole output. of the steel works.
This steel is now giving far better satisfaction in welding than
did charcoal iron, because of its uniformity.
Spellerized Steel, Recently this material has been still further improved by introducing the process of kneading the metal
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before rolling into plates. This additional mechanical work at
proper temperature removes any local irregularities in the surface
of the bloom, and improves the texture of the surface portion of
the plate so that it resists corrosion uniformly. Pitting of steel
boiler tubes has been one of the hardest problems which the metallurgist has had to contend with. This process of spellerizing
has so far given the most encouraging results in overcoming this
difficulty. Practical tests are now being made with a view to increasing the endurance of the tube in the flue sheet, so that. it will
stand more cold work and be tightened oftener without becoming
brittle.
SPECIFICATIONS FOR SPELLERIZED STEEL
TUBES AND SAFE ENDS.
Material. Tubes to be made of soft Spellerized Steel and lapwelded.
Dimensions and Weights. The minimum weights for tubes of

various diameters and thicknesses are given in the following table:

Outside Diameter

Nominal
B. W. 43.

Thickness
M. M. 0.

Minimum
weight
per foot

Li inch

{ No. 13
No. 12
No. 11
No. 10

.095 inches
.110 "
.125 "
.136 "

1.65 lbs.
1.89 "
2.07 "
2.29 "

2 inch

I No. 13
No. 12
No. 11
N o. 10

.095 inches
.110 "
.125 "
.135

2.17 "

{ No. 13
No. 12
No. 11
No. 10
No. 12
No. 11
No. 10

.095 inches
.110 "
.125 "
.135 "

2.16 lbs.
2.46
2.70 "
2.99 "

.110 inches
.125 "
.135 "

2.73 lbs.
3.02 "
3.37 "

21 inch

21 inch

1.91 lbs.
2.38 "
2.64 "

Surface Inspection.
Tubes must. have a smooth surface, free
from all laminations, cracks, blisters, pits and imperfect welds; they must
als-i be free from bends, kinks and buckles, signs of unequal contraction in
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cooling. or injury inmanipulation, and must be within .U1 inch of the thickness specified except at the weld, where .1115 inch additional will be allowed;
they must also be circular within .02 inch and cut to length ordered.

PHYSICAL TESTS.
1. Ring Tests. One-half in. Tubes—Coupons I in. long out from tube
must. stand hammering down vertically into the shape of a ring, and be without cracks or flaws of any kind, either at weld or elsewhere when hammered
down solid.
Two in. and 21 in. Tubes—Coupons 11 in. lung cut from tube must
stand hammering; down vertically into the shape of a ring, and be without
cracks or flaws of any kind, either at weld or elsewhere when hammered
down solid.
2. Expanding Test. Sections of tubes 8 in. long, with or without
heating, shall be placed in a vertical position, and a smooth turned, tapered
steel pin will be driven into the end of the tube by light. blows of a ten
pound hammer. The pin used shall be of tool steel, tapered 14 in. to the
foot for 2 in. outside diameter tubes. Pins of proportional dimensions to be
used for other site tubes. Under this test the tube must stretch to
times its original diameter without splitting or cracking. When this test is
made hot the tube shall be heated to a bright cherry red in daylight and the
pin at a blue heat driven in as described.
3. Flange Test. Sections of tubes 8 in. long shall have a flange
turned over at right angles to the body of the tube, which shall have a
width equal to I of an in. without crack or flaw. All the work shall be
done cold.
4. Flattening Test. A section 12 in. longmust stand hammering fiat
cold for one-half its length from one end, having the weld at the edge of the
flattened section, and hammering cold in the same manner for the other half
of its length, having the weld in the center of the flattened section, without.
cracking at the edges or elsewhere.
Two tubes to be tested as required in paragraphs 1, 2, 3, 4 and 5 in
each lot of 250 tubes or less. If only one of the tubes so tested fails, that
tube will be rejected. and the inspector will take two more tubes from the same
lot and subject both to the same test as the one that failed, and both of
these tubes must be found satisfactory in order that the lot may be passed.
5. Hydraulic Test. Each tube must be subjected by the manufac-

THE LOCO M OT1VE BOILER.

203

GENERAL REQUIREMENTS.
In addition to above tests, tubes when inserted into boilers, must stand
expanding and beading without showing crack or flaw, or opening at the weld.
Each tube must be plainly stenciled " Spellerized Steel Tested to 750
lbs.," and tubes must be so invoiced. Each tube must also be subjected to
careful inspection, as pruvided for above, and those measuring more than
014 of an in. over or under the diameter ordered shall be rejected.
All tests to be made at place of manufacture, under the supervision of
the Railroad's Inspector or his deputy.

SPECIFICATIONS FOR IRON LOCOMOTIVE
BOILER TUBES.
The following specifications and tests for iron locomotive tubes have been
adopted by the American Railway Master Mechanics' Association as a
standard :
1. Tubes are to be made of knobbled, hammered charcoal iron lapwelded.
2. Tubes must be of uniform thickness throughout, except at weld,
where an additional thickness of .1115 will be allowed. They must be circular within .02 in., and the mean diameter must, be within .015 in. of the size
ordered. They must. be within .01 in. of the thickness specified and not
leas than the length ordered, but may exceed this by .125 in.
3. The minimum weights for tubes of various diameters and thicknesses are given in the following table:
Outside Diameter

1i inch

2 inch

2} inch

turer to an internal pressure of 750 pounds per square inch.
2f inch

Nominal
B. W. IL

{ No. 13
No. 12
No. 11
No. 10
1 No. 13
No. 12
No. 11
No. 10
{ No. 13
No. 12
No. 11
No. 10
/ Nu. 12
No. 11
No. 10

Thickness
M M,

.11195 inches
.110 "
.125 "
.135 "
.095 inches

.110 "
.125 "
.135 "
.095 inches
.110 "
.125 "
.135 "
.110 inches
.125 "
.135 "

Minimum
weight
ptr foot

1.65 lbs.
1.89 "
2.07 "
2.29 "
1.91
2.17
2.38 "
2.64 "
2.16 lbs.
2.46 "
2.70 "
2.99 "
2.73 lbs.
3.02 "
3.37 "
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SURFACE INSPECTION.

allowed to continue until the soft parts are sufficiently dissolved, so that the
iron tubes will show a decided ridged surface, with the weld very distinct,
while the steel tube will show a homogeneous surface.

4. Tubes must have a smooth surface, free from all laminations, cracks,
blisters, pits and imperfect welds. They must be free from bends, kinks and
buckles, and from evidence of unequal contraction in cooling or injury in
manipulation.
PHYSICAL TESTS.
5. Bending Tests. Strips 3 in. in width by 6 inches in length,
planed lengthwise from tubes, after baring been heated to a cherry red and
quenched in water at 80° F., shall bend in opposite directione at each end,
without cracks or flaws, and when nicked and broken by slight blows, these
strips must show a fracture wholly fibrous.
6. Expanding Test. Sections of tubes 12 inches long shall be
heated a length of 5 in. to a bright cherry red in daylight, and then placed
in a vertical position, and a smooth taper steel pin at blue heat will be driven
into the end of the tube by light blows of a 10-pound hammer. Under this
times its original diameter without splitting
test the tube must stretch to
or cracking. The pin used shall be of tool east steel, tapered 13 in. to
the foot. In making this test, care must be taken to see that the end of
the tube is smoothly trimmed.
7. One tube is to be tested, as required in paragraphs 5 and 6, in
each lot of 250 tubes or less.
8. Crushing Test. A section of tube 23 in. long, when placed
vertically on the anvil of a steam hammer and subjected to a series of light
blows, must crush to a height of 11 in. without splitting in either direction,
and without cracking or bending at weld.
9. Hydraulic Test. Before shipping, each tube must be tested
by manufacture to 500 pounds per square in., and each tube must be plainly
marked in the middle: " Knobbled charcoal, tested to 500 pressure."
10. In addition to the above tests, tubes which, when inserted into
boilers, split or break while being expanded or bended, and also individual
tubes which fail to pass surface inspection will be rejected and returned to
the makers at their expense.
11. Etching Tests. In case of doubt as to the quality of material,
the following test shall be made to detect the presence of steel. A section of
tube, turned or ground to a perfectly true surface on the end, will be polished
free from dirt or cracks, and the end of the tube will be suspended in a bath
of nine parts water, three parts sulphuric acid and one part hydrochloric acid.
The bath will be prepared by placing water in a porcelain dish, adding the
sulphuric and then the hydrochloric acid. The chemical action must be

n

SPECIFICATION FOR SEAMLESS, COLD DRAWN
STEEL LOCOMOTIVE BOILER TUBES.
1. Tubes are to be cold drawn, seamless and made of open hearth
steel. It is desired that the steel from which the tubes are manufactured
should have the following chemical composition:
Per Cent.

Carbon
Manganese
Sulphur, below
Phosphorus, below

•••

••1

15 to .20
45 to .55
.03
.03

Tubes containing more than .03 phosphorus or sulphur will be rejected.
2. Tubes must be of uniform thickness throughout. They must be
circular within .02 of an in., and the mean diameter must be within .015 of
in. of the size ordered. They must be within .01 in. of the thickness specified and not less than the length ordered, but may exceed this by .125 in.
They must. be free from bends, kinks and buckles.
3. The minimum weight of the tubes of various diameters and thicknesses are given in the following table:
Nominal
B, w. G.

Outside Diameter

inch

2 inch

23 inch

ThiCknegi
M, hi, C

{ No. 13
No. 12
No. 11
No. 10

.095 inches
.110 I'
.125 CC
.135 CI

/ No. 13
No. 12
No. 11
No. 10
No. 13
No. 12
No. 11
No. 10
No. 12

.095 inches
.110
.125
.135
-095 inches
.110
.125
.135
.110 inches
.125
.135
44

IC

11

No.1

21 inch
.{

No. 10

41.

Minimum
weight
per foot

1.69 lbs.
1.92 "
2.15 "
2.29 "
1.91 lbs.
2.19 "
2.47 "
2.65 "
2.11) lbs.
2.48 "
2.80 "
3.01 "
2,73 lbs.
3.04 "
3.41 "
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PHYSICAL TESTS.

rowing or corrosion. Although a lap joint. can be made that will
give as high a percentage of strength as the butt joints, yet the

4. Bending Test.

Strips i in. in width by 6 in, in length, planed
lengthwise from tubes, after having been heated to a cherry red and quenched
in water at 80° F. shall bend in opposite directions at each end, without
cracks or flaws.
5. Expanding Test. Sections of tubes 12 in. long shall be
heated a length of 5 in. to a bright cherry red in daylight and then placed
in a vertical position, and a smooth taper steel pin at blue heat will be driven
into the end of the tube by light blows of a 1 0-pound hammer. Under this
test the tube must. stretch to lit times its original diameter without splitting
or cracking. The pin shall be of tool steel tapered 1i in. to the foot. In
tusking this test., care must be taken to see that the end of the tube is
smoothly trimmed.
6. Crushing Test. A section of tube 2} in. long, when placed
vertically on the anvil of a steam hammer and subjected to a series of light
blows, must crush to a height of 11 in. without splitting in either direction.
7. Flattening Test. A test piece of tube 5 in. long, when flattened lengthwise cold until the sides are separated by a distance equal to the
gauge of the tube, must not show any splits or cracks.
8. One tube is to be tested as required in paragraphs 4, 5 6 and 7 in
each lot of 250 tubes, or less.
9. Each tube must be subjected by the manufacture of an internal
pressure of 1,000 pounds to the square in. and must be plainly stenciled,
"Seamless Steel Tubes, tested to 1,000 pounds."
.

Boiler Shell. One of the easiest parts of the boiler to construct is the cylindrical portion or waist of the boiler. Allowing
a suitable factor of safety, it is only a question of using good material and workmanship. As soon as the boiler is put in service,
however, deteriorization begins, and it is the retarding of this as
much as possible that should be considered in the design. There
is no doubt whatever that when the butt joint is used, corrosion
along the seam is much less than with the lap joint.. With the
butt joint the strain due to the steam pressure is uniformly distributed over the whole circle, while with the lap joint, when the
boiler is under steam, there is a tendency for the plates to straighten
out, the result being that the plate bends to some slight degree each
side of the . lap ; this tendency causes scale, that may be deposited
there, to flake off and leave the surface of the plate exposed to fur-

established fact that the butt joint lessens corrosion warrants its
adoption in most cases, especially with large boilers carrying high
pressures.
The fire-box end of the boiler is where the greatest danger
lies, and it is this that claims the major share of attention of boiler
designers. Sheets that require severe flanging, such as the throat.
and top connection on flat-sided wagon-top boilers, should always
be made 71g or in. thicker than the others, so as to make up for
the thinning out arising from the operation of flanging.
All portions of a locomotive boiler are subject. to the pressure
of the steam contained within it, and this is, of course, measured
as so many pounds per square inch. The lower parts of a boiler
which are covered by water must also bear the weight of the
water, and these parts, therefore, sustain a slightly greater pressure than those which are only pressed upon by the steam, but the
few pounds per square inch which the weight of the water may add
to the internal pressure is generally disregarded, because, even in a
boiler 70 inches in diameter and filled three-quarters full, there
would only be a maximum increased pressure of 1.85 pounds per
square inch on the area over which the water stood inches
deep.
The pressure of the steam may therefore practically be said
to be equal on every square inch of the internal surface and upon
the outside surface of the tubes. The circular form of both the
shell of the boiler and of the tubes gives them the property of resisting pressure, and, when made of material sufficiently thick, they
do not require to be stayed.
The bursting strain of ihree-quarter-inch circular plate is usually calculated on the assumption that a circle of plate one inch
wide may be taken as typical of the whole circular shell. There is,
therefore, a hoop one inch wide sustaining an internal pressure of
say 200 pounds per square inch. This hoop may be supposed to be
divided into two arches by the diameter, and the effort of the steam
to separate these two arches is resisted by two areas of metal, each
one inch long by three-quarters inch thick. These two areas are
together equal to 1,,- square inches, and if the tensile strength of
ordinary boiler plate is taken to be 60,000 pounds per square inch,
•
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a total pressure of 90,000 pounds would be required to separate
the arches.
If the internal steam pressure is, say fur example, 200 pounds
per square inch, this pressure, as far as the tendency to burst the
boiler is concerned, is exerted only upon what is called the projected areas of 1 inch wide and 70 inches long, or a total of 70
square inches; the pressure on the curved shell acting as if it were
along the diameter. The total pressure on this strip is 14,000
pounds, and it tends to force the upper half up, and the lower half
down, just as if each half were filled with a solid material with a
flat base 1 inch wide and with a length equal to the diameter of the
shell.
The internal pressure of 14,000 pounds is thus resisted by
90,000 pounds. In other words, the shell is more than 6.43 times

hinge-like action, which causes the plates to deteriorate and weaken
along a definite line close to the edge of one plate, and its ultimate
failure is merely a matter of time.
The certain failure of the lap joint has forced designers to
devise a safer and better joint, and, as a result, horizontal seams in
locomotive boilers are made by butting the edges of the plates together and securing them by two strips of plate, called welts, usually ef the same thickness as the shell. These welts are bent to
the radius of the boiler, and are applied, one inside and one outside, over the butt joint, and are riveted in place. In modern
practice the inside welt is wider than the outside, and the seam
is made with two rows of rivets passing through three thicknesses
of metal; that is to say, each rivet passes through the upper welt,
the plate itself and through the lower welt. These two rows have

stronger than the tendency to rupture it, and the circular shell is
said to have a factor of safety of 6.43.
Strength of Seams. The horizontal seams of a locomotive
boiler cannot have the same strength as the unbroken circular plate,
for the reason that, in order to make the joint, a series of rivet
holes must be punched or drilled in each edge which it is desired
to unite. One form of joint which was formerly extensively used
is the lap joint, Fig. 3, either double or triple-riveted; but it has
now entirely disappeared in horizontal seams in modern locomotive practice. This form of seam can be made strong enough and
the joint kept tight, but, on account of the fact that the lap joint
cannot be made to give a perfectly circular seam, the effort of the
internal pressure tends to bend the sheets slightly just beyond the
lap, as indicated by the arrow, and as this tendency increases as the
pressure rises, and is reduced as it falls, it introduces a sort of

the rivets arranged in zigzag fashion. The inside welt, covering a
greater area than the upper, takes an extra row of rivets along
each of its edges, and these rivets pass through the inside welt and
the barrel plate.
The strength of this form of double-welted triple-riveted joint
is about 87 per cent of the strength of the solid plate, and has a
factor of safety of 5.59. This joint, Fig. 4, has, in all, four rows
of rivets in double shear and two rows in single shear. The single
shear rows are each called a safety row of rivets. In calculating
the strength of rivets, the tensile strength of the iron of which the
rivet is composed is taken as the value for single shear. For double shear the value of the rivet is not taken as double that. of single
shear, but at. 1.75 of the safe strength of the material of the rivet.
A form of inside welt, designed by Nfr. S. M. Vauclain, Superintendent of the Baldwin Locomotive Works, gives 96 per cent
of the strength of the solid plate. In this joint. the outside welt is
14
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single-riveted ; that. is, there are two rows of rivets in it, one lying
on each side of the butted edges of the circular sheet. The inside
welt is diamond-shaped, as shown in Fig. 5, placed with its diagonal along the line of the seam. This gives a large triangular area
on each side of the joint, with one rivet at the point of the triangle
and a series of widely spaced rivets in widely spaced rows over the
whole area, and terminating in a safety row close to the edge of the
upper welt., on each side of the butt seam.

to remain rigid when supported at each end, while experiencing
what. may be called the galloping motion of a locomotive traveling
at a rapid rate.
Staying of Flat Surfaces. The staying of the flat sides and
ends of the fire-box and the upper part of the back sheet and front
flue sheet as well as of the crown sheet, is a very important consideration in boiler construction. The upper part of the back sheet
is sometimes stayed by what are called gusset plates. These are
pieces of boiler plates cut roughly to a triangular shape, and each
secured to a pair of angle-irons placed back to back on the roof
sheet and to a pair of angle-irons on the -back sheet. The upper
part of the back sheet is sometimes secured by long rods sloping
back to the roof or sheet or barrel course and flattened for rivets,
and fastened to the hack sheets with crows' feet connection or with
double angles, as in the gusset form. When these rods are carried through to the front flue sheet the ends are screwed into both
sheets, and have a nut on the outside at each end as wet] as inside.
The gusset stays are, however, preferable for modern boilers carrying high pressure. The flue sheets in the fire-box and at the
front are sufficiently stayed by the flues which are expanded into
the flue holes at both ends, and the lower rods or staybolts similar
to those in the fire-box side sheets, which may be described as
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follows:

Fig. 5.
BUTT-JOINT WITH DIAMOND-SHAPED WELT.

Circumferential Seams. The circumferential seams of a locomotive boiler are lap joints double-riveted. The lapping of the
plates is here quite allowable, because the seam is perfectly circular, and no distortion can take place, and although one row of
rivets could be driven having a large enough factor for safety, yet
such seams are usually double-riveted in order to secure as large
a lap as practicable, to give the boiler the necessary stiffness when
considered in the light of a tubular girder, which is called upon
to withstand vibration, to early a certain volume of hot water, and

The fire-box sheets are stayed by bolts screwed into both sheets
and riveted over on the outside at each end. These bolts pass
through the water spaces between the fire-box proper and the easing sheets. They are usually spaced about four inches apart,
measured vertically and horizontally, giving an area of about 16
square inches upon which the pressure is applied which the bolt
is required to support. The rule for finding the strain thus imposed on such a staybolt is 16X200=3,200 pounds. The strain
on the plate between the staybolts is found by the following rule:

F= C X(T+1) 2
S-6
where P is the working pressure, C is a constant., taken at 60, for
plates having fire on one side and water on the other, and having
staybolts screwed and riveted; T is the thickness of the plate mess-
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ured in itiths of an inch ; S is the surface in square inches supported by the bolt. For a finch plate the formula becomes:

p60 x (6+1)2_60 x 46_294
—
6-6
10
which is the working pressure which the stayed sheet can sustain
by reason of its thickness and the restricted area. The pressure
on the 16 square inches supported by one stay is, as we have seen,
3,200 pounds. The rule for finding the area of the required stay
is independent of the stiffness of the plate, and the fact that the
stayed sheet will itself support a certain pressure is disregarded,
and thus forms an addition to the factor of safety. The rule for
finding the area of the required staybolt is:

2X P

A=d
4,000

where A is the area of the staybolt at the bottom of the thread, d is
the pitch of the bolts, P is the pressure per square inch, and 4,000
represents the tensile strain per square inch allowed on the bolt,
which insures a very substantial factor of safety. According to
above conditions, the staying of a Finch flat sheet against 200
pounds boiler pressure and 4-inch space in both directions, the
equation becomes
A-

42X 200
— 0.8 square. inches.
4,000

A round staybolt with 0.8 square inch of area would have a
diameter of very nearly one inch.
Side Sheets. The side sheets of a fire-box are usually made
of sheets thinner than those of the shell of the boiler. They are in
the form of flat surfaces that must be supported by the staybolts, as
already described. The usual thickness of side sheets for boilers
carrying a steam pressure of from 180 to 200 lbs. per square inch
is I inch. Experiments have shown, however, that the strength
of flat-stayed surfaces does not vary exactly with the square of the
thickness. The formula given by the United States Bureau of
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Steam Engineering for the calculation of the stress on flat-stayed
s urfaces is

z
A

0

1'4
H
0
0
0

C1:4)

A

RI

H
i■•

r=1
E-1

S

in which
S=maximum stress in lbs. per square inch to produce permanent set ;
E=elastic limit of plate, about 32,000 lbs. for steel and 29,000
lbs. for iron;
T=thickness of plate;
D=distance center to center of stays;
A=diameter of stay.
Tube Sheets. Tube sheets are usually thicker than the side
sheets. The reason is, that there may be a greater width of l•ring for the tubes. The tube sheet is, therefore, made about 1.
inch thicker than the side sheets. Thus, where the side sheet has
a thickness of -;} inch the tube sheet will be ff inch thick. Below
the curve of the shell of the boiler the tube sheet is stayed in exactly the same manner as the side sheets. The portion facing the
inside of the shell is stayed by the tubes. These are expanded and
headed in position.
Staybolts. The locomotive fire-box of to-day, as it is stayed
in the water space, differs but slightly from those used thirty years
ago, notwithstanding that the heating surfaces have been greatly
extended and furnace areas enlarged in order to meet the requirements of modern locomotive practice. The ordinary water
space stay, known as the rigid staybolt, is shown in Fig. 6. It is
simply a piece of wrought iron, threaded its entire length and
screwed through the outer sheet. and plate across the water space
and into the inner plate or fire-box sheet. It is then riveted over
,r1 both ends, securely holding in a rigid manner the outer shell
to the fire-box. Owing to the unequal expansion and contraction
of the inner and outer plates, staybolts are subjected to considerable strain and frequently break. They, therefore, often have
a small hole drilled into one end with a 3-16-inch drill to a depth
greater than the thickness of the outside plate, so as to enable inspectors to detect ruptures or breakage by the emission of water
or escape of steam through the orifice, as the break in the bolt
generally occurs next to the outside plate. Fig. 7 represents a
,
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staybolt similar to Fig. 6, but is made to provide a hole through
the entire length of the bar, and known as hollow staybolt iron.
In bad water sections of the country where the lime and
magnesia are found in solution, incrustation forms on the outer
surface of the staybolt, and at times covers a fracture, fills the telltale hole during the first stage of rupture, and prevents the escape
of steam or water, regardless of breakage. In sections where the
water is free from solids, this telltale hole is most. advantageous,

the water space has not been of any material benefit to the life of
the staybolt, it has the preference over the full threaded bolt to the
extent. that deposits, carbonates and sulphates of lime and magnesia, which precipitate from the waters used, do not adhere so
closely and do not impair the quality and strength of the iron to
such a marked extent as when threaded.
The Tate flexible staybolt has been widely used for the purpose of obviating staybolt troubles. Fig. 10 shows a sectional view
of the bolt. The ball-shaped head of the bolt C is enclosed within
a socket formed by a sleeve I3 that screws into the outer sheet, and
a cap A that screws onto the sleeve. The other end of the bolt is
screwed into and through the fire sheet a sufficient distance to
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Fig. 9.

and has been recognized by State and Government supervisors of
inspection as a necessary process to the proper inspection of staybolts, who have authorized its incorporation on grounds of safety.
To overcome staybolt breakages certain modifications of the
original stay have been made, as shown in Figs. 8 and 9, that of
simply turning off the threads in the venter of the bolt exposed in
the water space, followed by a greater reduction of diameter, for
the purpose of giving flexibility to the bolt. to more readily withstand the reversal strain due to expansion.
While it has been found that the reduction of the diameter in

allow for riveting. The freedom of movement of the head of the
bolt within the socket allows the fire sheet to expand and contract
without subjecting the bolt to transversed stresses. Sometimes
sling stays are used instead of flexible stays. This construction is
shown in Fig. 11.
Breakage of Staybolts. The greatest and most constantly recurring trouble with locomotive boilers is caused by the breakage
of staybo]ts. Broken staybolts, after low water and hot crowns,
are the most usual cause of explosions that there is. When fireboxes were small, broken staybolts were not so frequent as they
are at this day of large boilers and high pressures. As is wellknown, staybolts usually break close to the outer sheet, and may
generally be found broken in the two or three upper rows along

•
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the sides, except toward the ends of the box, where they extend
down as far as the sixth or eighth row from the crown. They are
very rarely found broken near the mud ring. This is brought
about by the fact that, the inside and outside fire-box sheets being
tied together, the expansion of the inside plates by becoming hot
first, when the boiler is fired up, causes their upward movement,
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and carries the inside ends of all the staybolts up a greater distance than that produced by the lesser movement of the outside
sheets.
In course of time the staybolts, which are subjected to the
maximum movement, that is usually along the ogee curve of the
box and toward the top, are broken. The breakage occurs in the
water space close to the outer or casing sheet. In order to cause
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a broken staybolt to automatically indicate its presence, it is customary to drill a small hole about 3-16 of an inch in diameter and
about an inch deep in the center of the staybolt along its axle, as
shown in Figs. 6, 8 and 9. When a sta3.bolt having this telltale
hole breaks, water passes through the fracture and into the small
hole in the center of the bolt, and causes a sputter of water and
steam on the outside from the broken bolt, thus revealing its condition. Care must be taken to see that these telltale holes are clean
at all times.
The breakage of staybolts takes place more readily when the
outside sheet is made of thick material than it does when the outside plates are comparatively thin. The outer or shell sheet being
thicker than the inner, is more rigid, and eonsequently the staybolt naturally breaks there. Increasing the diameter of those bolts
which are most liable to fracture is a good plan for remedying this
trouble, and wide water spaces are also advantageous, as they
make a long staybolt necessary, and the longer the staybolt the less
will its angle of deflection be as the fire-box expands.
Absolute rigidity in staybolts is to be avoided, and many
designs for allowing the staybolt a slight movement at its outer
end have been brought out. These are called flexible staybolts, as
shown in Fig. 10, the idea'being to maintain the bolt itself without.
flexure, and strong enough to fully support the sheets, while providing for a slight movement at one end. The length of the firebox has a noticeable effect on staybolt breakage. The longer the
fire-box the greater the variation in the expansion and the greater
the liability to staybolt breakage.
In the application of flexible staybolts, they are put in only
where the breakage is most likely to occur, while the ordinary form
of staybolt is used for the remainder of the fire-box, as shown in
Fig. 12, which represents a fire-box used on the Prairie type of
locomotive on the Wabash Railroad. •
Supporting Crown Sheets. There are three general methods
by which the flat top or crown sheet of the boiler is strengthened:
first, by crown bars; second, by radial stays, and third, by the
Belpaire system.
Crown Bars. The commonest method of staying crown sheets
was formerly by the use of crown bars, as shown in Fig. 13. These
had various forms, but were practically iron beams placed across

the crown sheet, about an inch or two above it, their ends resting
on the edges of the fire-box where the side sheets and the crown
sheet joined. The crown stays are screwed into the crown sheet
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Fig. 13.
CROWN BAR METHOD OF SrPPORTING CROWN SHEETS.

and riveted, the body of the bolt passing up between a pair of
crown bars and throngh a washer wide enough to cover the upper
edges of the bars, and upon the upper end of the bolt a nut is
screwed down on the washer. In order to still further increase
the holding power of the crown bars, the bars are united to the roof
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sheet by a series of sling stays. In this way the crown sheet. is
directly supported by staybolts fastened to a pair of rigid beams.
and indirectly by sling stays to the roof sheet.
The crown bar boiler has long enjoyed a wide popularity, and

obstruction that. the crown bars offer, and on that account alone
many roads have abandoned the crown bar in favor of the radial
stay. With large boilers, having wide crown sheets and carrying
high pressures, the crown bar is insufficient to carry the load without. the assistance of a large number of sling stays.
Radial Stays. The second method of supporting the crown
sheet is by the use of radial stays, which are long staybolts
screwed into the outer shell and into the crown sheet. The radial stay method is shown in Fig. 14. It is the method in general
use, especially since the advent of the extended wagon-top boiler.
its principal objection is the lack of security, which is due to the
angle at which many of the stays must necessarily pass through the
sheets, although when the stay is put in properly there has been
little trouble from this source. The center six rows of stays
should be fitted with button heads under the crown sheet, so that
in case of low water the stays will prevent the crown from dropping down.
A radially stayed crown sheet- has stays screwed into it and
riveted. The stays pass directly to the roof sheet, into which
they are screwed and riveted like those in the side water spaces.
With this method of staying, the crown is usually arched to have
a general approximation of form to that of the roof sheet, and the
stays slope outward at the top something like the joint. lines between the stones of an arch. The center row of stays along the
longitudinal center line of the crown sheet is the only row of truly
radial stays.
The crown sheet, with a lesser degree of curvature than that
of the roof sheet, prevents the placing of the stays so that they are
truly radial to both time surface of time crown sheet and the roof
sheet. The stays are, however, placed so as to be radial as far as
the crown sheet is concerned, and so that several full threads are
secured in the thinner sheet, and the number of full threads in the
roof sheet are consequently sacrificed. The stays are, however,
made larger in diameter than those on the sides, and the wider
spaces between them on the roof sheet are compensated for by the
circular form of the sheet and its increased thickness.
The Belpaire Method. The third method of supporting the
crown sheet in Fig. 15 is known as the Belpaire method, first in-

220

when a boiler is small, the pressure comparatively low, say 140
lbs. per square inch, and the water fairly free from scale, there is
probably no better method of staying a crown sheet used.
When water containing a large number of impurities that are
precipitated freely has to be used, then the difficulty experienced
in keeping the crown free from sediment is much increased by the
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troduced by, and taking the name of, M. 13elpaire, one time head
of the motive power department of the Belgian state railways.
It consists of a box having a flat crown sheet and a flat roof
sheet. The staying between these two flat surfaces is carried out
in the same way as that of the staying of the side sheets of the
fire-box. The staybolts are screwed directly into each sheet and
riveted. The area supported by each stay is the same in both
sheets. The bolts form a direct and positive stay, with several
full threads in each sheet. The side sheets of this fire-box above
the crown sheet are stayed to each other by large cross stays
screwed into each side casing sheet, usually with nuts on the outside. Gusset stays are used from roof to back sheet, and the
whole surfaces of box inside and out are thus securely united to
each other by staybolts, and the strain can be accurately calculated and provided for. When properly designed and well constructed, this style represents the best solution of the problem of
crown staying yet brought forward. The crown sheet is comparatively unobstructed, and may readily be kept clear of sediment. The staying is positive, all the stays having good bearings
in and on the sheets. All the strains may be accurately calculated and provided for, and all the stays may, if desired, be made
of one length, an advantage that is appreciable.
The form of throat sheet used with the Belpaire fire-box was
at first an objection, owing to the difficulty of keeping the upper
corners tight; but modern methods of manufacture and an allowance for the upward thrust of the fire-box flue sheet, caused by its
expansion when becoming hot, have now practically overcome this
objection.
Another objection has been the difficulty of keeping the crown
stays tight in the neighborhood of the ends of braces running from
the back head to the top of the fire-box shell, owing to the constant
downward pull of these braces. This trouble has been overcome by
dispensing with the round back-head braces, and substituting in
their places gussets or plate braces attached to the roof sheet by
long angle irons; by running the braces forward to the waist of
the boiler; by running the braces clear forward and attaching
them to the front flue sheet; or by riveting heavy angle irons
crosswise of the roof sheets as close as possible to where the brace
ends take hold, thereby stiffening the sheet.
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When a fire is started in a boiler filled with cold water, the
inside sheets become hot before the casing sheets do, and, as a
result of their being all tied to the mud ring, the side, back and
flue sheets expand in an upward direction. The crown staybolts
are usually placed as far from these vertical sheets as may be done
with safety, and as a certain amount. of spring at the edges of the
crown sheet is possible, the slight premature upward movement of
these sheets does not produce any excessive strain in the stays
near the side or back sheets. The point where the expansion of
the fire-box flue sheet is felt is in the stays near the line where the
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space is called the water space, and entirely surrounds the firebox on the four sides, the water occupying it being in free coin-.
munication with the main body of water in the boiler. The top
and sides of the fire-box being flat, they will bulge from the pressure of the steam unless they are properly stayed.
The locomotive fire-box is limited in size by the other portions of the boiler, the machinery of the engine and the clearance
spaces along the side of the road. For many years the fire-box
was placed between the frames. As these frames were at least

Fig. 18.

Fig. 18.

STRAIGHT-TOP BOILER AS USED ON CONSOLIDATION LOCOMOTIVE
Evir ORLEANS & PACIFIC
OF TUE COLORADO SOUTHERN,
RAILROAD.

TYPE OF WIDE FIRE-BOX USED ON THE PENNSYLVANIA RAILROAD.
fire-box flue sheet and the crown sheet join. This condition is met
by the use of two rows of staybolts, which are practically sling
stays, and which, while they are capable of adequately resisting
the pull which comes upon them in service, are yet able to allow for
the slight upward motion of the flue sheet.
Fire-box. The fire-box is usually a rectangular box constructed of steel or copper plates from 4 to 9-16 inches in thickness. The inner shell is surrounded by an outside shell, also constructed of steel plates, usually of about the same thickness as the
inner plates. The outside shell is large enough to allow a space
of 24 to 41 inches between the inner and outer plates. This

34 inches wide, and an allowance for clearance of 4 inch on each
side was made, to which 34 inches on each side was to be added
for the water leg, the total width of the inside of the fire-box was
reduced to about 2 feet 10 inches, as shown in Fig. 13, which
represents a narrow fire-box.
Wide Fire-boxes. Placing the fire-box over the top of the
driving wheels added to the possible width. The width of this
type of box is only limited by the space available for the total
width of the engine. It may be made 84 feet or more wide over
all and about 8 inches less on the inside. Such a box is shown in
seetinn in Figs. 18 and 17, the former representing a type used on
I5
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the Pennsylvania R. It, and the latter a type used on the Lake
Shore & Michigan Southern R. li.
When the fire-box was placed between the axles, the length
of the fire-box was limited by the distance between the driving
wheel centers, and was rarely made More than 6 feet 9 inches
long, from which the front and back water legs were deducted,
leaving about 6 feet for the length on the grates. Placing the

NU

600

CPO OF r-Rorto Haul

Ip
9-f

Fig. 20.
a a
O a s 0 0 .0 0 0 0 0 „0 . 0 . 0.0.
a a

:•

o o

WAGON-TOP TYPE OF BOILER.
0

0e

•
• e ,e 0•0 . 0 0:•
'
..V0:01 0 •e 0 0 0 0
°
O 0, ••• ° 0 :0 X9 .0o.2, ^ s 0 0 0 •
0
0 0 o
a
0 0 ,,,,, :0 0
•
, 449 • 0
00 .00.0
0 0
.
rivt:

■

0

a

.0

:. •-0.

;.

ia

0 0 0 •

:0 0 0
0.
e: oka a
O 0,0009'1 ii..00:17:00006
•
•
•
o

i?Ce..01;0 0 0 '0 0
.•...0.
.
0: 1 0 a 0
0
ar•-•-••. -0N-01 0
a 0
0,.0
a:Loaaaandw0000000
*

**000*

0.0-•

fire-box on top of the frames has made any length possible, and
the limit is imposed by the capability of the fireman to throw coal
to the front end of the box. These fire-boxes are now made from
11 feet to 12 feet in length.
Corrugated Fire box Side Sheets. In some types of boilers the
fire-box is fitted with side sheets, having vertical corrugations extending nearly to the edge of the sheets, top and bottom. It is
claimed that a sheet of this type will outlast the usual straight
sheet from one to two years. Its advantage lies in its flexibility
-
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in the longitudinal directions, which distributes the strains, dice
to expansion and contraction, over the whole sheet instead of concentrating them at the flanges. The staybolts are secured to the
bottom of the corrugations in the fire-box, and the ends are thus
somewhat protected from the direct action of the flames.
Types of Locomotive Boilers, There are two general types of
boilers, classified according to their outward shape; the straight-

has raised them high above the rails, there has not been headroom
enough in tunnels and bridges to use this type of construction.
The straight-top is, therefore, now extensively used.
The fire-box of a wagon-top boiler passes down between the
frames and the crown sheet, and has a slight radius to accommodate the radial staybolts that support the crown sheet. The crown
stays are attached to the crown bars and crown sheet with sling
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Fig. 24.
Fig. 23.
CROSS-SECTION OF WOOTEN BOILER.

top, shown in Figs. 18 and 19, and the wagon-top shown in Fig. 20.
There are other various types of locomotive boilers in use, the
difference being principally in the design of the -grate area and
heating surface, which has caused a shifting of the parts to accommodate these changes.
Wagon-top Boiler. The wagon-top boiler has a rise from the
shell to the outer sheet of the fire-box. The object of the wagontop construction is to give additional steam space within the boiler.
It is extensively used, hilt with the increased size of boilers, which

SECTION OF FIRE-Box 'USED ON THE TEN-WHEEL LOCOMOTIVES
OF THE DELAWARE eS ■; 111- DSOS RAILROAD.

stays supporting the crown bars to the outer sheet, as shown in Fig.
21. The back head is stayed by gusset stays from the top sheet by
longitudinal stay-rods. The deep fire-box boiler of this type is
used for burning bituminous coal, and the shallow fire-box, which
sets over and above the frames, is used for anthracite coal.
The Wooten Boiler. In the design of the Wooten boiler the
construction necessitates the cab being placed forward of the firebox, with the steam-dome either in the cab or back of it over the
crown. This type was first used in 1877, and is especially
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adapted for burning poor grades of coal. When fine anthracite
coal is burned, a much larger fire-box is required than in the case
of bituminous coal. The fire-box need not, however, he as deep.
The Wooten fire-box is very wide and very shallow. The boiler
is raised so that the grates are above the tops of the driving-wheels.
The fire-box can, therefore, be made as wide as the clearance
spaces of the roadway will permit, as shown in Figs. 22 and 23.
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the crown was made to slope down to the back end. As this
allowed only a small quantity of water over the crown sheet, the
design is now made straight instead of sloping, the combustion
chamber is also omitted and the height from the grate-bars to the
crown-sheet is increased. When fire-brick arches are used for
burning soft coal, water-tubes are used supporting them.
The Belpaire Boiler.
The 3elpaire boiler, the fire-box of
which is shown in Fig. 26, is similar to the Wooten boiler. This
style of boiler necessitates a trailer-wheel back of the drivers to
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Fig. 25.
WOOTEN TYPE OF BOILER USED ON THE 4-6-0 ENGINES ON THE
DELAWARE & HUDSON RAILROAD.

It has undergone numerous changes from its first design,
one of the later designs used on the Delaware & Hudson R. R.
being shown in Figs. 24 and 25. The fire-box is spread out to a
maximum limit on each side of the cylindrical part of the boiler.
In the older types a combustion chamber was provided in the forward end, a bridge-wall of fire-bricks being placed between this
chamber and the fire-box. In its original form, the top sheet over

carry part of the weight of the engine when using a large drivingwheel, the trailer-wheel being small enough in diameter to clear
the bottom of the fire-box. The back end of the boiler and the
front end under the cylindrical portion slope from the top of the
boiler to the bottom of the fire-box, the back and forward sheets
following the same slope. The outer sheets around the fire-box
have a flat crown and top sheet. There is one objection to the Belpaire boiler, and indeed any straight boiler, apart- from any question of boiler-making, to be found more especially in the case of
eight- and ten-wheel engines, and that is the large percentage of the
total weight. of the boiler that is thrown on the leading truck.

THE LOCOMOTIVE BOILER.
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With the ordinary wagon-top, crown bar, or radial stay boiler, with
the fire-box down between the main and back axles, the drivers of
an eight-wheeler get on an average about 64 per cent, and of a tenwheeler about 74 per cent, of the total weight; but if the Belpaire

cases, that is to say, without any rise at the back end, the waist
must be increased at least four inches in diameter in order to obtain the necessary steam room. The larger the waist the larger
the smoke-box and front must be, the branch and exhaust pipes
must be longer and heavier, and altogether the weight of the front
part of the boiler, which comes directly on the truck, is materially
increased.
Prairie Type. The Prairie type of boiler has a wide fire-box
extending over t he frame to the fullest width possible, and, when
used on locomotives having large driving-wheels, requires a trailer-
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Fig. 28.
31ORRISON SUSPENSION TUBE AS USED ON VANDERBILT BOILERS.

Fig. 27.
PRAIRIE TYPE BOILER.
boiler is used this percentage is only about 61 for an eight-wheel
engine and about 68 for a ten-wheel locomotive. The reason of
this is that. with the wagon-top boiler a sufficiently large space can
be obtained for steam room over the crown sheet, while keeping
the waist of the boiler tolerably small in diameter, but, with the
Belpaire boiler, which is straight on top in the great majority of

wheel. This form of boiler is generally straight and long, and
generally has a large diameter. The fire-box is wider at the bottom than at the crown sheet, the crown sheet having a curve and
being stayed with radial stays. A large radius is given to where
the side sheets join the crown sheet, as shown in Fig. 27, thus
preventing sharp corners. When used on freight engines, the
forward portion of the fire-box has a drop, the forward end being
deeper than the back end. The back end of the boiler and the
front leg under the waist slope downwards. The flue sheet. is
straight, while that portion under the flues conforms to the slope
of the outside sheet.
The Vanderbilt Boiler. A type of boiler which differs mate-
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rially from those already described is the Vanderbilt boiler shown
in Fig. 28. The fire-box is cylindrical, there being no staybolts
to support it as in the usual construction. The fire-box is a corrugated tube of the Morrison suspension type, as shown in Fig. 29.
The grate is carried by a half-round iron in one of the grooves,
there being a brick arch on top of this. The space in front of this
forms a combustion chamber, and permits the gases to flow into the

the fire-box to effect a better combustion and secure a more even
distribution of the hot gases in their passage through the tubes.
Fig. 30 represents a longitudinal section of a fire-box fitted with a
brick arch. The bricks are made specially for locomotive use.
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lower tubes. The back end of the fire-box is generally brick-lined,
the fire door being in the back end. The front and back tube
sheets are not set vertical, but are inclined. The lower portions
of the fire-box and the combustion chamber are provided with outlets for cleaning purposes, these openings being closed by manhole
plates. The outlet from the ash-chamber has a chute attached to
dump the ash. No staybolts are required.
Brick Arches. On some roads it is the practice to use brick
arches in the fire-box. A brick arch is an arrangement placed in

'

..,,.,..

They are usually supported upon four or five water tubes which
are set in the back sheet of the fire-box above the fire door, or from
the back end of the crown sheet, and pass down in a diagonal direction to the fire-box flue sheets, in which they are also set, below
the tubes. The tubes themselves are therefore able to promote
the circulation of water. In the back sheet, when the tuber; ter-
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minate in it, and in the throat sheet, opposite to the ends of the
arch tubes, holes are rut which are closed by washout plugs. The
interior of these tubes can be cleaned out and their ends made
accessible by the removal of the plugs, in case repairs are necessary.
The fire-bricks forming the arch rest on top of these tubes,
and when placed side by side exactly fit. across the fire-box. There
is, therefore, no side motion of the arch possible, and the bricks rest
against the flue sheet and are on the lower portion of the tubes.
The arch is carried back over about from one to two-thirds of the
grate area, and thus interposes a sloping wall of brick in front of
the tubes. The object of the arch is to delay the passage of the
heated gases in the fire-box, so that the hydro-carbons may become
more thoroughly mixed with the oxygen of the air, and thus insure complete combustion before they enter the tubes. The brick
arch becomes white-hot, and thus continually radiates heat in sufficient quantities to help raise the gases to the igniting temperature
as soon as they are distilled from the coal, even if a comparatively
heavy charge of fresh coal is thrown on the fire. The gases given
off in the front part of the fire, which would under ordinary circumstances very quickly reach the lower tubes, are compelled to
pass toward the back sheet, while at the same time they pass up and
along the sloping under side of the arch. The gases from the coal
lying on the center of the grate pass up under the upper end of
the arch ; but all the gases from the coal are compelled to pass to the
flues over the end of the arch and between the arch tubes.
The brick arch, therefore, acts as a mixer of the products of
combustion with the air that is admitted above the fire and as a
reflector of the radiant heat of the fire and the escaping gases,
maintaining a temperature that is high enough to burn with the
smallest possible quantity of air all of the carbonic oxide and the
hydro-carbons that arise from the coal.
The principal advantages of the brick arch are saving in fuel,
elimination of the smoke nuisance to a large extent, and consequently it develops a high calorific power in the fire-box. The
principal disadvantage of the use of fire-brick is that it is expensive
to maintain, owing to the rapid deterioration and the burning out
of the brick.
Water Tables. Water tables are intended as a substitute for

the brick arch. They have been made and applied in various
forms, one of which is shown in Fig. 31, and is known as the
Buchanan fire-box. The upper and lower portions are connected,
and the products of combustion pass from the fire-box through a
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Fig. 31.
FIRE-BOX EQUIPPED WITH WATER-TABLE.

hole in the table to the chamber. Tubes are also expanded in the
sheets opposite the foot of the table for the cleaning of the combustion chamber. This table gives no trouble with burning out,
and the violent circulation keeps it. from scale and sediment.; but
it has the disadvantage that it places a large cooling surface in
the fire-box at a point where it is desirable that the heat should be

TILE.LOCOMOTIVE BOILER.
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the most intense, anti, owing to its rigidity, it. is very difficult to
keep tight. This surface acts as a cooling one on the fire, leads to
the production of smoke and cuts down the completeness of combustion, and on the whole it increases the evil it is intended to
avoid.
Grates. There are four general types of grates used on loco-
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motives, their construction depending upon the kind of fuel to be
burnt.
They are usually made of east iron bars, which are made wider
at the top than at the bottom, so that cinders and ashes will fall
through easily, and also to give free access to the air from below.
Soft Coal or Rocking Grates. The soft coal grate, as it is
called, consists of a series of cast. iron bars, which rock on trunnions, and which are carried in a series of pockets in two east iron
frames, one on each side, bolted to the mud ring as shown in Fig
[ fi

0
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2.. From the central bar, which terminates in trunnions, a
series of short fingers, placed at right-angles, extend both ways. A
great variety of these shaking and rocking grates are now used,
the general arrangement of all of them being shown in Fig. 33.
The grate bar is shown at A; the frame at B; the connecting bar
at C; the arm rod and the handle at. B E and F; shaft and shaft
bearings at G and ; the drop plate at and the drop plate handle shaft and bearing at L, M and N.
This form of grate is arranged so that the fingers of the first
bar pass in between the spaces of the second, with ample clearance,
and so on. The spaces between these bars are made from to 11
inches wide. The floor of the fire-box is thus covered with a series
of bars and fingers which support the coal, and at the same time
allow air to pass up between them. All the grate bars are made
to rock through an angle of about 45 degrees upon the trunnions
of each end, so that the fire may be easily cleaned or shaken out
when required. At the flue sheet end of the fire-box a grate bar
is generally placed which has all its fingers on one side, and is made
to swing through 90 degrees. This style is called a dump grate,
illustrated in Fig. 34, awl it. facilitates the removal of clinkers or
lumps of coal which will not drop through the tilted grate bars.
These grates consist of a central bar carrying the fingers, which
interlock with each other, forming the air spaces. The grates can
be moved by a bar beneath, connecting the downwardly projecting
arms of the several bars. For dumping they are turned to an
inclined position. At the front end of the fire-box there is usually an independent• grate, consisting of a perforated flat plate.
This can be operated separately from the remainder of the grates.
It is used when it is desired to clean the fire without dumping the
whole. This plate is opened, and the clinkers contained in the
bed of coals can be pushed through the opening thus formed into
the ash-pan beneath.
In the construction of fire-boxes special care is often taken
to close all openings around the sides of the fire-box, so as to prevent cold air from entering at such places. The object of this is
twofold: to keep the cold air away from the fire-box plates, and to
keep the fire away from them, as contact with the cold plates
always has the effect of checking combustion. In order to close
the openings which are left between the bearing bars and side of
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fire-box, east iron blocks are made which fit in between the bars
and the plates, with a flange or head which laps over the top of the
bar. In some cases inclined plates are fastened to the mud-ring
and bear against the sides of the fire-box, and have joints formed by
grooves in the plates filled with asbestos. This makes them almost
air-tight.
While the vast majority of soft coal grates are rocking or shaking grates, there are some soft coal grates used on small engines

burned out by the intense heat of the fire. These water tubes are
screwed into the flue sheet just above the mud-ring, and are secured in the inside back sheet by being expanded. These water
tube grate bars are usually spaced some distance apart, the space
between them being occupied by solid round iron bars, C, which
rest on a bearing strip, D, on the flue sheet, and pass through short
tubes in the water space, E, between the outer and inner back
sheets. These bars can be drawn out by means of eyes, F, and the
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Fig. 35.
TYPE OF SOFT COAL GRATE USED ON SMALL LOCOMOTIVES.

Fig. 36.
which do not have the rocking feature. One of this type is shown
in Fig. 35, where A is the grate bar; B, the dead plate; (7, the end
holder ; I), the drop plate; E, the drop plate handle ; F, the drop
plate handle support; G, the drop handle shaft, and II, the drop
plate shaft bearing.
Hard Coal Grates. The hard coal grate consists of a series of
round water tubes, shown at B in Fig. 36. The tubes are made
of wrought iron, two inches outside diameter, and are fastened in
the front and back plates of the fire-box, and are inclined from the
front end, so that there will be a continuous circulation of water
through them to keep them cool, and thus prevent them from being

WATER GRATE USED FOR A NTRACITE COAL

fire dumped out through the spaces thus left between the water
tube bars. Hard coal grates run longitudinally with the fire-box,
while the soft coal grate bars cross the box from side to side. The
usual method of fastening the water grate bars to the back sheet is
shown in Fig. 37. The grate is formed of a tube A that is expanded into a ferrule in the back sheets of the fire-box. It is inclined from the hack down to the front. so as to insure a circulation of water. Opposite the back opening a plug B is screwed
into the outer sheet. The hole for this plug affords a means for
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cleaning the tube and also for inserting it in position. At the front
end the tube is usually screwed into the tube sheet.

38, where A represents the grate bar; B, the dead plate, and C, the
grate support. The air spaces and the bars are of about the same
width and vary from t inch to inch. The ends, which are generally sloping, act like a wedge when the grate expands, and push
up the ashes that may have accumulated at the ends.
Coke Grates. The burning of coke, which is being used on
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Fig. 39.
COKE BURNING GRATE.

Fig. 38.
WOOD BURNING GRATE.

Wood Grates. In wood-burning locomotives the grates are
stationary, and are supported by brackets bolted to the mud-ring.
One form of grate for wood-burning locomotives is shown in Fig.

some roads in this country, demands a grate which is more or less
a combination of the hard and soft coal grates. One arrangement
which is being used successfully is shown in Fig. 39. This grate
is formed by the use of water bars B running lengthwise the firebox. These water tubes may be horizontal when the construction
of the fire-box demands it, but it is preferred that they should be
on an incline from the front up to the back. They have an out-
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side diameter of two inches, are screwed into the front tube sheet,
and are held by a bushing screwed into the back sheet of the
fire-box.
Between the tubes there is a series of rocking grates A, so arranged that each short section can be removed and replaced in case
it is injured. The rockers are provided with pockets, into which
the short grates are dropped. These rockers lie below the water
bars, where they are well away from the fire, and the fingers are so
designed that the maximum of air space is obtained where there are
no heavy sections of metal to become heated, the circulation of air

in order to regulate the flow of air to the fire. When the fire-box
lies above the axles the ash-pan must he cut away from them, as
shown hi Fig. 41.
Dampers. The ash-pan is supplied with dampers where soft
coal is used, and the opening of the dampers is controlled from the
cab. The air necessary for combustion enters through the damper
openings, and goes up through the spaces between the grate bars to
the fuel. It is quite important that the dampers of locomotive
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Fig. 40.
Asti-e. ► x:, LOCATED BETWEEN AXLES.
having a tendency to keep the parts in contact with the fire cool.
The burning of coke is greatly facilitated if a jet of steam be introduced into the ash-pan lrmeath. This cools the grates, thus
preventing clinkers from adhering and protecting the grates from
melting.
Ash-pans. In every locomotive the ash-pans are suspended
beneath the fire-box for the purpose of catching and carrying the
ashes and coals that may drop between the grate bars. They are
made of sheet steel. Fig. 40 represents a type of ash-pan that is
ordinarily used on fire-boxes that lie between the axles of the
engine. It is provided at each end with a damper A hinged at
the top, and which may be opened and set in any desired position

a•h-pans should be in good condition and capable of regulating
the flow of air. Dampers are not used when hard coal is burned.
Front End. The front end of the locomotive includes the
diaphragm, the exhaust nozzle, the exhaust stand, the stack, the petticoat pipe and the netting. These with the exhaust jet constitute
an arrangement designed to produce the maximum amount of draft
through the fire with the minimum of back pressure in the cylinders. One arrangement as used on the older types of boilers is
shown in Fig. 42. The deflector plate is shown at A, the netting
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is shown at B, the deflecting plate or diaphragm is shown at C,
the deflecting plate slide is shown at I), the spark ejector is
shown at E, the cleaning hole is shown at F, and the exhaust nozzle at G.
Extension Front. The more recent type of locomotives all use
some form of smoke-box known as the extension front end, shown
in Fig. 43. The gases issuing from the tubes either strike against

siderable velocity of the gases is obtained. When the engine is at
rest, a jet of steam flowing from the exhaust nuzzle produces a draft
similar to that obtained when the engine is running. The steam
jet, by virtue of its high velocity, creates a partial vacuum in the
smoke-box, which decreases toward the top of the stack. This
induces the flow of gases through the boiler tubes and ejects them
at a high velocity from the stack.

250

Fig. 43,
the diaphragm plate, and are deflected downward, or pass beneath
it from the lower rows of tubes. They then turn up and pass
through the netting and out at the stack, which is located directly
above the exhaust nozzle.
Exhaust Nozzle. This is a device placed on the end of the
exhaust pipe in the smoke-box for the purpose of causing the exhaust steam to create the proper draft in the fire-box. When the
engine is running, the exhaust produces a draft by inducing the flue
gases to mingle with the steam issuing from the jet, so that con-

EXTENDED SMOKE -BOX, FRONT END.

Sometimes a single exhaust nozzle is used, and in other cases
two nozzles which are east together. Rings or bushings are fitted
to the outlet openings of these nozzles for the purpose of reducing
their area and increasing the draft. These bushings are made of
various diameters, and are easily removable in order to substitute
others with larger or smaller openings as they may be required.
Various devices, such as the ones shown in Fig. 44, have been in-
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vented for adjusting the exhaust nozzles, fitted on the upper end
of the exhaust pipe C. In this arrangement the plate is provided with apertures, the same size as the apertures at the upper
end of the exhaust pipe C, so that when the plate is in a central
or normal position the exhaust steam can pass freely out of the
exhaust pipe through the smoke-box and smoke-stack of the locomotive. When it is desirable to increase the amount of draft in

of nozzle which keeps the jet in the densest and most compact form
will be the most efficient.
Cleaning Exhaust Nozzles. The exhaust nozzles become coated,
from time to time, with a hard, grimy substance on the inside, due
to the hydro-carbons from the oil in the exhaust steam. The result
of this is that the fire becomes torn and cut to pieces on account of
the draft becoming too strong. The remedy for this is to ream
out the nozzles by means of a reamer having a long handle, so that
it can be introduced through the stack.
Diaphragm. This is an arrangement used for regulating the
draft in the extended smoke-box. It is placed at an angle of 20
or 30 degrees to the front sheet, so that the flue gases, after passing
through the tubes, impinge against the diaphragm, and are thus
impeded in their passage to the stack, the flow being regulated by a
diaphragm damper.
Adjusting the Diaphragm. There is no exact rule or method
of adjusting the deflector or diaphragm sheet in the smoke-box.
After the smoke-stack and exhaust pipe are exactly in line and of
the proper size, the rest is largely experimental. Many costly
experiments have been made in the .design of a smoke-box, all of
which have been based upon the fact. that a deflector sheet extending at. least half-way over the fines, and an adjustable apron,
which may extend the covering still farther, are necessary conditions in the matter of economy of fuel and in aiding the steaming
qualities of the engine.
The proper adjustment of the apparatus in the smoke-box
depends upon the condition of the fire. If the fire burns particularly hard at. the front of the fire-box, it shows conclusively that
the movable apron is too low, and that there is a sharp draft. passing through the lower flues. Under this condition it will be found
that the upper flues will become choked more rapidly than in the
lower section.
When moving the adjustable apron, it is better to make a very
small change and note the effect until the ideal condition is obtained, namely, the evenness of the condition of the fire in burning.
This is the condition aimed at in all smoke-box adjustments.
There is a tendency in the construction and repair departments of railroad shops to fix certain specific dimensions in the
opening of deflector sheets, the space from the bottom of the smoke

Fig. 44.
ARRANGEMENT USED FOR ADJUSTING EX_IIAUST NOZZLES.

the fire-box of the locomotive, the engineer operates the lever, 0,
either forward or backward, so that the ]ever L, through the ]ink
K, moves the plate across the top of the exhaust pipe C. Th ,!
opening is thus diminished in size, so that the exhaust of the engine
is retarded, and consequently the draft in the smoke-box and smokestack is. increased, which increases the draft in the fire-box. There
are a large number of these draft regulators patented, all of which
work on practically the same principle.
As to the shape of the
nozzle, it has been pretty definitely determined that that shape
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arch and distance from the flue sheets being set down as absolute
in certain kinds of engines. This, however, is considered among
the best engineers as entirely wrong, as it has been repeatedly demonstrated that the kind of fuel and climatic conditions materially
affect the steaming qualities of locomotives. The style of road and
the traffic conditions are also of material consequence, and the
varying amount of load to be drawn by the locomotive also affects
the draft upon the fire, and renders the adjustment of the deflector
sheet. a more or less constant care to the engineer.
When the vacuum occurs after each succeeding blast from the
exhaust pipe, the gases from the fire-box rush instantly through
the flues to the point where the greatest vacuum exists. This, of
course, is on the lower edge of the deflector sheet, and it is the
position of this edge that regulates the evenness of the draft from
the fire-box to the flues.
Petticoat or Draft Pipe. Petticoat pipes are used for the purpose of equalizing the draft between the several rows of tubes in
the boiler. They are invariably used in the old style type of
smoke-box, but with the extension front they are only used in connection with boilers of large diameter.
The petticoat pipe in some form has for years been a feature
of American locomotive practice, and is more or less of a necessity,
in view of the limited dimensions of the smoke-stack on the modern locomotive. It serves in a great measure the same purpose as
the tubes of an injector do in inducing the flow of water. The
draught of air passing through the flues is led into• the bell mouth
of the petticoat pipe by the action of the exhaust, and it is essential that in the event of the petticoat pipe being separate from the
smoke-stack its size at the upper end should be proportionate to
the size of the smoke-stack, and it should be set exactly central
with the exhaust nozzle and smoke-stack. The effect. of the petticoat pipe in regulating the draught in the smoke-box is coincident
with the deflector sheet, and both are intended to create a uniformity of draught through the flues, so that the heat should be
equally distributed over the entire area occupied by the flues.
When used, they are located above the exhaust nozzle in the
smoke-stack, as shown in Fig. 45. By raising or lowering the
draft pipe, the proper draft may be secured. A and C represent
the petticoats arranged with lugs D on the sides with slides E E,

having slots and set-screws F F, by which they are adjusted to the
space required between them, thereby enabling the engineer to
equalize the draft in the fire-box. Experience has shown that
when the draft is nearest to the bottom of the smoke jacket the
draft is strongest on the back end of the fire next the flue, and by
decreasing it there and increasing it in the top flues the draft is
made stronger in the front part of the fire-box. By pulling or
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Fig. 45.
ARANOEMENT USED FOE ADJUSTING PETTICOAT PIPE.

pushing the rod K, the petticoats are raised or lowered, thus increasing and decreasing the distance from the exhaust nozzle, L.
Setting Petticoat Pipes. Exact rules cannot be laid down for
the location of the petticoat pipe. The distance from the top of the
exhaust pipe to the lower edge of the petticoat pipe is usually
made about equal to the diameter of the smoke-stack. A slight
change of the height of the pipe has often a considerable effect on
the draught, and consequently on the steaming qualities of the
engine. The uniform appearance of the flues is the best. test of
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the uniformity of draught. Where the draught is strongest the
flues are the cleanest, and if fines are partially choked with soot or
ashes, it is conclusive proof that the draught has not been sufficiently strong in that locality to keep them clean. Generally
speaking, if the petticoat pipe is set too high, the draught will be
strongest. in the lower fluesl, and if the pipe is set too low the upper

cause of the trouble is in the petticoat pipe, and a slight change
of position in the pipe will show some variation in the fire-box.
The tendency on .American locomotives is to make the petticoat
pipe a mere extension of the smoke-stack projecting towards the
center of the smoke-box, and doubtless this method will eventually
become standard.
Stack. The stack is that portion of the engine which conveys
the gases and exhaust steam to the atmosphere. The form of
smoke-stack is now made straight, although formerly they were
made in shapes known as the diamond stack, shown in Fig. 47,
which was intended to deflect the motion of the sparks and cinders
which are carried up with the ascending current. of smoke and air
in the pipe. As shown in Figs. 46, 47 and 48, A represents the
base of the stack; B, the base flange ; C, the cone; D, the top; E,
the netting; F, the stack body ; G, the stack chamber; H, inside
pipe; and J, the hand-hole and plate. For burning wood, locomotives are equipped with a wide stack at the top and a straight interior pipe within, so arranged that the sparks are deflected from
going out of the top, and are collected in the space outside of the
straight pipe, as shown in Fig. 58.
The stack used in connection with the extension front is invariably of the open type, as shown in Figs. 44 and 46. It may
be straight as in Fig. 46, or provided with a choke or contraction
as in Fig. 44. Various other forms are used, dependent upon the
form of jet issuing from the exhaust nozzles.
The diameter of the stack is usually made about the same
diameter as the cylinders, and the height of the top of the stack
above the rail varies from 14 to 15 feet.
Netting. To prevent the locomotive stack from emitting
sparks, netting is used in the front end, as shown in Fig. 43. It
is so located that the sparks in the smoke-box will strike it at rightangles to its face. The total area of the netting should be as great
and its mesh as large as conditions will with safety permit.
Double-crimped steel wire or perforated steel plate is used.
The netting used in stack shown in Fig. 48 is made of iron or
steel wire, about 1-10 inch in diameter. The meshes are three or
four to the inch. It is sometimes replaced by plates of sheet metal
perforated so as to present the same obstruction to the passage of
cinders, and yet allow as much freedom for the escape of the gases.
17
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Fig. 46,

Fig. 47.

STRAIGHT STACK.

DIAMOND STACK.

flues will receive the strongest amount of draught. In view of
these facts, very little experimenting should he necessary to obtain the hest working height at which the petticoat pipe should
be kept.
Badly proportioned or badly set petticoat pipes have a very
bad effect on the fire. In eases where the fire is burned rapidly
out in some portion of the fire-box, it is safe to assume that the
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As the wire netting on the smoke-stack often has holes worn
into it by the action of the sparks, it should be frequently examined to see whether it is in good condition. As soon as holes are
cut into the netting there is danger that the sparks will escape into
the atmosphere. When the engine throws fire from this cause,
the netting should be renewed. If there is much water in the ex-

removed from time to time. This should be closed by a slide that
should fit air-tight in its casing, so as to prevent fresh air from entering the smoke-box, as fresh air not only lowers the vacuum in
the smoke-box, but supplies oxygen for the combustion of the hot
cinders that may have accumulated therein.
Boiler Covering. The loss of heat by radiation and convection is prevented by covering the boiler and dome with lagging,
which is a poor conductor of heat, and then covering the outside
with Russia iron, the smooth, polished surface of which is a
poor conductor of heat. Any form of non-conducting substance,
such as asbestos, felt, etc., may be used between the boiler and the
iron covering.
Feed Domes, Locomotives are generally equipped with a feeddome, into which is discharged the feed-water from the choke
valves, and which is often located on the first ring of the boiler barrel. Water enters the boiler from this dome through a large number
of holes drilled through the shell, and strikes a deflector plate,
which delivers it on either side of the dry pipe. The feed-dome may
be filled with a series of horizontal baffle plates, placed one above
the other, on which is deposited a large part of the impurities in the
feed-water. These plates can be easily removed when necessary
and replaced with cleaner ones.
Steam Dome. The steam dome is used for the purpose of
providing a reservoir for dry steam, and in it the throttle valve is
placed as high as possible above the water line, in order that the
steam which is supplied to the cylinders may be as dry as possible.
It is a cylindrical chamber made of boiler plate and riveted to the
top of the boiler.
Tube Setting. In spacing the tubes in a boiler they should
not be brought closer together than 11 - 16 in. in the clear ; / in. is
better. Placing them closer weakens the tube sheets, retards circulation and affords sediment a better lodgment. With regard to
whether tubes should be placed in vertical or horizontal rows, there
is a very little little difference in the results obtained with either
plan. When setting tubes in a boiler, it is preferable to use a
copper ferrule at each end instead of at the fire-box end only, as is
often done, the advantage being that when the flues have to be
taken out of the boiler for renewal it is a much easier job to get
them and their coating of scale through the slightly° larger holes
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Fig. 48.
WOOD BURNING STACK.

haust steam the netting is liable to get clogged ; it may also become
gummed up, due to the use of too much oil in lubricating the
cylinders and valves. Should the netting become obstructed, the
action of the exhaust is liable to blow the fire out of the furnace
door and burn the fireman.
Cinder Trap. As cinders will collect in the front end of the
extension front, a trap is placed in the bottom, so that they can be
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in the front flue sheet. that the use of the copper ferrules entail
than it is if the holes are nominally the same diameter as the flues
themselves. When about to put a set of tubes into a boiler, care
should be taken that the holes are quite dean and free from dirt
of any description, so that a perfect metallic contact may be obtained, otherwise there is sure to be trouble from leakage.
Causes of Leaky Tubes. There are two general causes of leaks
Pin locomotive boiler tubes: those due to mechanical causes and
those due to variations in temperature. Among the reasons for
leaks due to mechanical causes are defective work at the time of

the Union Pacific, and shown in Figs. 49 and 50, being practically
the standard used in the United States.
The method of setting tubes is as follows:
1. All scale must be removed from the tube hole by small air
drill, with small emery wheel on shaft of drill.
2. All scale must be removed from end of tube. This can be
done by holding a square file on end of tube while being cut to
length and tube is revolving.
3. Copper of proper thickness should be inserted and ex-
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Fig. 49.
METHOD OF EXPANDING TUBES.

first setting the tubes, poor work in making running repairs, ex-

cessive vibration of the tubes and wearing out of the tube ends by
the abrasive action of the cinders.
Leaks due to variation of temperature are caused either by
cold air entering the fire-box, cold feed-water entering the boiler,
or deposits of incrustation. These are vastly more important than
those due to mechanical causes, as the latter can invariably be
better guarded against. The two main causes for boiler leakage are
those due to deposits of incrustation and to the changes of water
temperature caused by the injection of feed-water.
Methods of Setting Tubes. The method of setting tubes used
by the different railways is now very uniform, the process used by

panded in tube hole. Edge of copper should be u in. from face
of tube sheet.
4. The tube should be inserted and pinned out., as shown in
Fig. 49.
5. It should then be either rolled with a roller expander, as
shown in Fig. 51, or it - should be expanded with a Prosser sectional expander, as shown in Fig. 52.
6. The end of the tube should then be beaded with the standard beading tool, as shown in Fig. 50.
Tube Expanders. Two forms of expanders are in general use
for making the joint around tube steam and water-tight, the roller
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expander, shown in Fig. 51, and the Prosser expander, shown in
Fig. 52.
The roller expander is designed to expand a tube by means of
a continuous rotary pressure. It consists of a hollow cylinder provided with openings to receive three or more steel rollers. These

The Prosser expander consists of a number of steel segments
with radial joints held together by an external band, the whole
being so arranged that the expander when collapsed is of less diameter than the tube into which it is to be inserted. A tapered
steel pin passes through the center of these steel pieces, and by
driving on the end of this pin these segments are forced out ra-
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Fig. 51.
ROLLER EXPANDER USED FOR ROLLING TUBES.

rollers rest against the inner diameter of the tube on the outside,
and upon a conical inandril on the inside. A guide sleeve is provided which bears against the tube-sheet. This is secured to a

Capper washer extends Inside f
flue sheet Wore flue is expanded

l
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Fig. 53.
SECTION THROT7GIT EXPANDED FLUE AS USED ON THE MINNEAPOLIS & ST.

Loins

RAILROAD.

Fig. 52.
PROSSER SECTIONAL FLT:E EXPANDER.

hollow cylinder by means of a set-screw. By shifting the position of this guide sleeve, the different thicknesses of the tube sheet
are provided for. By revolving the expander, and at the same time
gently forcing in the conical mandril, the rollers are forced outward against the inner circumference of the tube, thus enlarging
its diameter until it completely fills the bored hole.

dially against the tube. By successive operations of driving and
slacking, and by turning the expander slightly after each such expansion, the end of the tube is stretched until it accurately fills the
hole. The expander is made with a convex projection, so that
when the tube is expanded, as shown in Fig. 53, it tends to act as
a brace for the tube sheet. The expanded tube, shown in Fig. 53,
is the method used on the Minneapolis & St. Louis Railway. In
this method the tubes are rolled first, and expanded with the Prosser expander afterwards.
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There is some difference of opinion among the railroads as to
when the roller should be used, whether before or after the Prosser
sectional expander is used. Some roads do not use rollers in
either first setting or in running repairs, while some use them in
first setting, but never in running repairs. The roller expander
should be used to tighten the tube in the tube sheet, and for all
such purposes it may be used; but it should never be used to wear
out and roll thin the metal of the tube. In foreign countries only
roller expanders are used, whereas on American railroads about 60
per cent use the Prosser sectional expander, 40 per cent using the
roller expander.
Temporary Repair of Leaky Tubes. Where time and conditions permit, burst or leaky tube flues may be put in condition to
bring in train by filling the boiler as full of water as it will hold
to compensate for loss. Then blow off the steam through the whistle, or remove release valve from chest, open the throttle and blow
off steam and deaden the fire, so that the flue can be plugged. If
the tube is burst, it must be plu gged at both ends. If it is
simply a case of leaky tube at tube sheet, the above method is not
necessary. Simply plug the tube. Bran or any starchy substance admitted through the beater cock on injector, after injector
has been started, will aid in stopping a bad leak.
Fire-box Door Flanges. In the construction of steam boilers,
and particularly those employed in locomotives, difficulty has often
been experienced in preventing cracking and leakage about the
door of the fire-box. The outstanding flange carried by the inner
sheet, and the connection of the flange with the sheet, is in the
form of a sharp bend in the metal. It is with this portion of the
structure that the difficulty is experienced, as the cracks occur
along the inner bend. There are several reasons which cause this
damage. The inner door sheet. and flange are highly heated by
the fire, but as soon as the door is opened by the fireman a large
volume of cold air rushes in through the door; as a result the fire
door flange is suddenly cooled, causing unequal contraction of the
metal, thus setting up strains which tear the flange away from the
sheet. Another reason which causes the fire-box door flange to leak
is the limited amount of water which surrounds the doorway. The
s pace is generally so contracted by overlapping flanges at the
heads of rivets that very little water can come into direct contact

with the flange extending outward, and, besides, in this small space
incrustation and deposits of foreign matter soon collect, thus separating the water entirely from the sheet and permitting the metal
to become overheated.
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The O'Connor Fire-door Flange. With the O'Connor fire-box
door flange shown in Fig. 54, the portion of the metal connecting
the flange sheet is inwardly swelled, thus forming an enlarged
water chamber around the entire opening. This prevents the
usual sharp bend between the flange and the inner sheet. and
allows a much greater quantity of water to flow around it. The
larger body of water tends to maintain a more even temperature
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of the metal, thus preventing, to a great extent, overheating and
the rapid cooling of the flanges. It also provides more room for
the inner beads of the rings, and with the larger space there is not
so much danger of scale accumulating and separating the water
from the metal sheets.
The O'Connor fire-door flange is simply a design which gives
the flange at the fire-door a large radius, which increases the space

the life of the sheets and joint. This type of fire-door flange has
been in use upon the Chicago & Northwestern Railway for several
years, and is shown in Fig. 55. It has greatly reduced the trouble
formerly experienced in the corroding and burning of the sheets
at the door ring. This same design of flange is also used on the
large Consolidation locomotives used by the Delaware & Hudson
Company.
Pneumatic Door Openers. In order to lessen the labors of the

Fig. 55.

Fig. 56.

FIRE-BOX SHOWING CORRUGATED FIRE-BOX SIDE SHEETS.

around the fire-door ring or joint. The outer radius acts in a
manner similar to the corrugated fire sheets which are used in
boilers by an increasing flexibility of the sheet, and preventing the
concentration of the stresses at the joint or sharp flange. The
strain at this point is particularly severe, due to the rapid cooling
of the sheets whenever the door is opened. The increased water
space around the door largely prevents the collection of mud and
scale by allowing room for better circulation, which thus prolongs
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PNEUMATIC DOOR OPENER.

fireman, and at the same time prevent any large amount of cold
air from rushing into the boiler when the boiler is being fired, various arrangements are used for opening and closing the fire-door
quickly. One of these arrangements in use is the Brewer pneumatic door opener, shown in Fig. 56. By its action in opening
and closing the fire-door almost instantaneously it also protects the
flues, as it prevents a large volume of cold air from entering the
fire-box with each firing. It consists of a small horizontal air
cylinder located underneath the floor. This cylinder is fitted
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with a piston, the rod of which is connected by means of a link
and crank to the pivot upon which the door swings. The door is
opened by simply placing the foot upon the treadle or trip, which
is located on the deck. This action opens the air valve, admitting
air to the cylinder, thus forcing the piston to move and the door
to open. The door is closed by removing the foot from the trip,
which allows the air behind the piston to swing it. shut. Only a
very small amount of air is required for each operation.
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REVIEW QUESTIONS.
THE LOCOMOTIVE BOILER.
1. Name the different requirements of a locomotive boiler.
2. Why is it that the boiler limits the power that a locomotive is capable of exerting?
3. Name the principal parts of a locomotive boiler.
4. How is the heating surface of the fire-box calculated ?
5. How do you calculate the flue-heating surface of a boiler ?
6. In what way does the grate area affect the design of a
boiler ?
7. What kind of a fire-box is required for burning wood ?
8. How does the hard coal fire-box differ from one burning
soft coal?
9. About how many pounds of coal can be burned economically per square foot of grate area per hour 1
10. What is the general relation which exists between piston
displacement and grate area ?
11. Acording to best practice, how many square feet of heating surface is allowed per square foot of grate area ?
12. What. are the principal materials used in the construction of a locomotive boiler.
13. Name a few specifications required for fire-box steel.
14. Give four physical tests which are required by the American Railway Master Mechanics' Association for iron locomotive
tubes and cold-drawn steel locomotive tubes.
15. If you had a lot of 10,000 tubes, how many of these
would you test to find out if they complied with the specifications ?
10. Why are butt joints used for longitudinal seams rather
than lap joints?
17. Why are lap joints used for a circumferential seam ?
18. In making a butt strap joint with inside and outside
welts, which is the best practice, to make the inside or outside
welt the widest ?
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19. What are gusset stays and for what purpose are they
used?
20. Give the rule required for finding the area of a staybolt
to support a given surface.
21. How are the side sheets of a fire-box generally supported ?
22. Are the tube sheets thicker or thinner than the side
sheets ?
23. What is the reason for boring a hole through the center
of a staybolt ?
24. Describe the flexible staybolt and explain the purposes
for which it is used.
25. When rigid staybolts are used, what is sometimes done
to give more flexibility to the bolt ?
26. In connecting up staybolts, is absolute rigidity necessary?
27. Name three general methods for supporting crown sheets.
28. Describe a crown bar and explain how it is used.
29. What are the difficulties experienced in keeping the
crown free from sediment when crown bars are used ?
30. Why has the radial stay supplanted the crown bar in
many types of boilers ?
31. What are the principal objections to radial stays for
supporting the crown sheets?
32. Explain the Belpaire method of supporting the crown
sheets.
33. What are the principal advantages and disadvantages of
the Belpaire fire-box?
34. What is the usual thickness of a fire-box and out of what
material is it usually made ?
35. Explain the difference between a narrow and wide firebox, and explain the use of each.
36. Explain the advantages of using corrugated side sheets
for fire-boxes.
37. What is the difference between a straight-top and a wagontop type of boiler?
38. What. is a Wooten boiler and for what purposes is it. generally used ?
39. Explain the construction of the Vanderbilt boiler. How

does the fire-box differ in this type of boiler from those of any
other ?
40. Explain the construction of a fire-box containing a brick
arch.
41. How are the fire bricks supported in a locomotive fire-box ?
42. Explain the action of the fire bricks in the fire-box, and
what are the principal reasons for using them ?
43. What is the principal disadvantage in using brick arches?
44. What are water tables and for what purposes are they
used in the fire-box?
45. What are the advantages and disadvantages of water
tables?
46. Describe briefly the construction of a soft coal grate.
47. How do the grates allow the fire to be cleaned?
48. How does a hard coal grate differ from a soft coal grate ?
49. Of what use are the water tubes in a hard coal grate ?
50. What kind of grate is used in wood-burning locomotives?
51. Would you use a rocking grate or a stationary grate when
burning coke ?
52. What is meant by the front end of a locomotive?
53. Name five different parts contained in the front end.
54. What is meant by an extension front of a locomotive?
55. What is the exhaust nozzle, where is it placed, and why
is it used?
56. How are exhaust nozzles cleaned, and why do they become
dirty?
57. Is it necessary to adjust the opening in exhaust nozzles,
and, if so, why?
58. What is the diaphragm and why is it used ?
59. Should the diaphragm be adjusted ; and, if so, how can it
best be opened ?
60. What is the petticoat or draft pipe, and is it necessary
for a boiler to have these pipes?
61. With what types of boilers are petticoat pipes mostly
used ?
62. Describe three different kinds of stacks used on locomotives.
63. What effect has a badly set petticoat pipe on a boiler ?
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64. Of what use is the netting in the front end of a locomotive ?
65. When should the netting be examined and for what
reasons ?
66. Where is the cinder trap of a locomotive located, and
why is it used ?
67. Describe the construction of a stack for a wood-burning
locomotive.
68. Why are steam domes used on locomotive boilers?
69. What are the principal causes of leaky boiler tubes ?
70. Describe the difference between a roller and a Prosser
expander.
71. Explain the use of a tube expander and tell for what
purposes it is used.
72. How would you go about making a temporary repair of a
leaky tube?
73. Describe a type of fire-box door flange which is supposed
to overcome the difficulty of leakage about the door.
74. Of what use are pneumatic door openers, and how do they
help the fireman?

=.1

Boiler Fittings and Attachments
There are a certain number of fittings that must be used on
the locomotive boiler in order to enable the engineer to operate
it successfully and economically. These fittings consist of the
safety valves, whistle, steam gauge, water gauges, blower, throttle
valve, dry pipe, injectors, etc.
Dry Pipe. The dry pipe is used for conducting the steam
from the steam dome to the cylinders. The pipe runs through the
steam space to the front flue sheet or head of boiler. When the
throttle valve is closed, the dry pipe is subjected to the pressure
of steam upon the outside, and must be strong enough to withstand
.iri
'.41,E111
m•

M.

■1B)
f

FLEXIBLE STEAM PIPE JOINTS.

it. It is made of wrought or cast iron. Since the introduction
of high steam pressure wrought iron is generally used. The
diameter of the dry pipe depends upon that. of the cylinders. It
should be of such a diameter that the area of its cross-section is
equal to at least one-twelfth the combined sectional areas of the
two cylinders.
Steam Pipes. The steam pipes are connected to the front
end of the dry pipe inside the smoke-box, and carry the steam to
the steam chest and valve chests. The steam pipes are exposed
to great changes of temperature as a result of their being within
18
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the smoke-box, and consequently some special form of joint must
be used to keep the pipe joints tight. One kind of flexible joint
used is shown in Fig. 1. It is called a ball joint, the end of one
of the pipes being turned into the form of a sphere, the end of
the other pipe being a corresponding concave shape. Another
form of flexible joints is shown in Fig. 2. A ring is interposed
between the ends of the pipe, one side of the ring being spherical
and the other side flat, the ends of pipe being made to correspond.
These joints accommodate themselves to any motion caused by
contraction and expansion.
Throttle Valve. This valve is generally located at the top
end of the throttle pipe near the top of the dome, although it is
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the double-seated poppet. type, shown in Fig. 3, the discs being
of different diameters, the top one being slightly larger. The
valve consists of two circular discs, A and T3, which cover the
two valve seats in the valve case, C. When the valve is raised
and the discs are off their seat the steam flows from the steam
chamber into the pipe P. The steam pressure in the boiler acts

Fig. 3.
DOrBT.E-SEATED

Fig. 4
POPPET TIIROTTLE VALVE.
THROTTLE VALVE USED ON ER tE MALLET

sometimes placed in the smoke-box at the front end of the dry
pipe. In former years, the throttle valve was a plain slide valve
that moved upon a seat, in which were ports similar in form to
the steam ports in the valve chests, the objection in this type
being that the pressure of steam upon it made it difficult to open
the throttle gradually, or to regulate or adjust it while open—
two very important points in the operation of a locomotive, as
every engineer knows. The type now most generally used is

Comporxn
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upon the top of disc A, and upon the bottom of disc B. If the
two discs were of the same diameter, the valve would be balanced,
but this, for several reasons, is not desirable. The top disc, being
larger, tends to keep the valve closed on account of the larger
pressure on it, and the top opening being larger, permits the
valve to enter the case. The throttle is opened and closed by the
rod R, called the throttle stem. The throttle lever is connected to
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the throttle stem at L. The throttle rod passes through the stuffing-box S, which keeps the sliding joint steam-tight.
A type of throttle valve used on large engines is shown in Fig.
4. It differs from the ordinary throttle valve, as it takes steam
at the top only, and acts as a steam separator. The entering
steam strikes against the curved surface of the upper part of the
valve, upon which the moisture in the steam will be deposited
and carried by an opening in the center of the valve to an outlet
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Throttle Lever. The throttle lever shown in Fig. 5 is connected to the throttle stem. It is fitted with a latch C, that gears
into the curved rack in order to hold the throttle in any desired
position. The latch C is operated by a trigger K, connected by a
rod. The latch link is shown at D, the throttle rod at E, the jaw
that connects with the throttle valve stem at F, the link at 0, the
link stud at H, and the handle spring at S.
Reverse Lever. The arrangement which is used for shifting
the link, and thereby changing the cut-off in the cylinder of the
engine, is called the reverse lever, and is shown in Fig. 6, where
A is the lever ; B, the lever fulcrum; C, the lever handle; D, the
latch; E, the latch spring; F, the latch rod; G, the catcli.
INJECTORS.

Injectors are now universally employed for delivering the feed
water to the boiler. Two injectors are always used, either one of

Fig. 7.

(G()

Fig. 5.

Fig. 6.

THROTTLE LEVER.

REVERSE LEVER.

below. This curved top of the valve does not take bearing, and
hence does not act as a valve, the valve being shown on its seat
below it. This particular type of valve is used on one of the
409,000-pound Mallet compounds used on the Erie Railroad.
Throttle Valve Stem. This is the rod which extends through
a steam-tight stuffing-box in the boiler head, and connects with
the bell-crank lever, which is fastened to the lower end of the
valve stem and the throttle lever, as shown in Fig. 3.

Fig. 8.

which should have a capacity sufficient to supply the boiler with
water under ordinary working conditions. They are located one
on either side of the boiler.
The Principle of Operation of the Injector. Despite the fact
that it has been in use for almost half a century, the injector is
still a subject of much misunderstanding and discussion. There
is no mystery surrounding the action of the injector, its operation
being based on simple, natural laws, which can readily be stated
and understood. The mere fact that it has no moving parts need
cause no confusion.
In Fig. 7, suppose that the tube A is connected with the steam
space of a boiler, so that the steam, under pressure, is free to
escape through the tube. It will emerge in the form of a jet, as
shown, moving at a great speed. just beyond the end of the
tube, as at B, the jet of escaping steam has a slightly conical
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form, while at a still greater distance, as at C, the jet expands,
and is broken up by the resistance of the surrounding atmosphere.
A tube like that shown in Fig. 7 is usually called a nozzle.
When steam from a boiler flows through a nozzle of this kind,
and escapes into the air, velocity of the steam outside the nozzle
may be from 1500 to 3000 feet per second, depending on the
boiler pressure. This issuing steam has weight., and to give it.
such a high velocity requires that work be done upon it, just as
it requires work on the part of a horse to move the weight on a
truck. Now, work is produced by heat energy. Therefore, since
the column of steam has bad work done upon it in order to give
it this high velocity, it is necessary to look for a source of the
heat which is transformed into work.
This source of heat is in the steam itself. When the steam
leaves the boiler it has a high pressure and temperature, and
when it issues from the nozzle its pressure and temperature are
both much lower. Evidently the steam loses heat in its passage.
But this heat is not lost by radiation from the pipe and nozzle.
It is changed into work, which work, expended upon the steam,
makes it move faster, so that while the steam in the boiler has
practically no velocity, at the end of the nozzle it has a very high
velocity.
But heat cannot be taken away from ordinary steam without
causing some steam to condense into water. Consequently the
steam that emerges from the nozzle is not dry steam, but contains
moisture in the shape of very fine drops. Under different boiler
pressures this moisture may amount to from 10 to 20 per cent of the
weight of the steam.
Hence, as the steam passes through the nozzle, three things
take place: (1) The pressure and the temperature both decrease.
(2) The velocity of flow increases enormously. (3) The steam
condenses to a greater or less extent. Then, for every pound of
steam that passes through the nozzle there is found to be a mixture of about .8 or .9 pounds of steam, and from .1 to .2 pounds
of water at the mouth of the nozzle.
Now, suppose that the nozzle of Fig. 7 is so placed as to
discharge through a cone-shaped ring, as in Fig. 8. The small
end of the cone, A, is of such size that the expanded jet of steam,

-
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when the latter is turned on, will be carried along and forced
through the cone by the moving jet. Air will then rush in
at B, B, and, meeting the jet, will be drawn along with it in the
direction of the small end of the cone. The continued friction
of the steam with the air inside the cone will then set up a continuous current flowing through the cone in the direction indicated
by the arrows. The mingling of the air and steam will cause
still more of the steam to condense, while the velocity of the
steam jet will decrease somewhat, owing to the fact that a part
of its energy is used in giving velocity to the air.

Fig. 9.

Fig. 10.

Instead of a simple cone, open at both ends, let the device
in Fig. 8 be changed to that shown in Fig. 9. In the latter figure
the nozzle A. is inserted through the back wall of the cone B,
which is closed at time large end, -with the exception of the opening
C. The action does not differ in any way from the action of the
device in Fig. 8. The air is driven and drawn out of the closed
cone by the jet, causing a partial vacuum inside it, and to fill
this space air rushes in at C, and a continuous current is established, entering at C, and emerging at the small end of the cone.
The devices shown in Figs. 8 and 9 will be recognized by
many engineers as being the typical forms of various boiler appliances, such as tube cleaners, soot suckers and blowers for producing draft, all of which depend on the production of a rapid
current by the escape of steam through one or more openings.
It has just been shown that the flow of air upward through
the pipe C, Fig. 9, is due to the fact that the pressure inside the
cone B is reduced somewhat below that of the atmosphere. Sup-
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pose, then, that the pipe C is lengthened, and that its lower end
is placed beneath the surface of the water contained in a tank,
according to the arrangement shown in Fig. 10.
When the steam is turned on, it forms a partial vacuum in
the cone B, as already explained. But air cannot rush in to fill
the space thus left vacant, since the pipe C is submerged in the
tank D. However, the pressure of the atmosphere acts just as
before, and it forces water from the tank up into the cone surrounding the nozzle A, completely filling that portion of the space
not already occupied by the jet of moist steam. This action,
of course, brings the water and the steam into contact, which
can have but one result. The steam is condensed by the cool
water, and the heat thus set free is taken up by the water. That
is, the steam is cooled and the water is heated, the latter simply
absorbing the heat that the steam gives up.
But the steam jet, just before it is condensed, is moving
at a velocity of, perhaps, .2000 feet per second. Therefore, if
this steam could be changed to water without any other action,
the water thus resulting would have the same high velocity. However, this is not the case. Besides being condensed, the jet mingles with the water that is forced up from the tank. Consequently, owing to the resistance thus offered, the velocity of the
condensed jet is very greatly reduced.
Instead of a jet of steam, there is now a jet of water particles moving toward the small end of the cone. This jet is surrounded by the water inside the cone. As a result, the friction
between the jet and the water causes the latter to be drawn along,
at an increasing speed, toward the outlet, the jet meanwhile
decreasing in velocity. At the mouth of the cone the mingled
jet emerges, now an almost solid column of water, which, though
it has not the velocity of the original steam jet, is nevertheless
moving at a fairly rapid rate, say 400 to 500 feet. per second.
The condensation of the steam inside the cone produces
another important effect. When a volume of steam condenses
to water, the space occupied by the water is only about 1-1000
as great as that originally occupied by the steam. Hence, in
condensing in the cone, a partial vacuum is formed, to fill which
the water of the tank I) has been forced imp into the cone. As the
condensation in the cone is continuous, the flow of water up
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through C is likewise continuous, and a steady stream is delivered
at the mouth of the cone.
This issuing stream is not a solid column of water, it is
rather a mingled spray, composed of water and vapor, the greater
part, however, being water. Now, such a jet, moving at a velocity
of several hundred feet a second, has considerable energy stored
in it. And if the jet be allowed to impinge against a flat surface,
it will exert. a pressure upon that surface. For example, if the
velocity of the jet is 400 feet per second, and the weight of the
mixture of water and vapor is 50 pounds per cubic foot, the
pressure exerted by such a jet impinging upon a stationary flat
surface will be several hundred pounds per square inch. A pressure like this is capable of overcoming considerable resistance.

Fig. 11.
Suppose, now, that the apparatus shown in Fig. 10 is attached
to a steam boiler in the manlier shown in Fig. 11. A pipe A
leads from the steam space of the boiler B to the nozzle C inside
the cone D. Just beyond the edge of the cone is another pipe E,
containing a swing cheek-valve F, by which the water in the
boiler is prevented from running out. A pipe G connects the
cone I) with a tank of water H and a chamber J. having an outlet
K, surrounds the month of the cone and the end of the pipe E.
A valve L controls the flow of steam through the pipe A. This
apparatus contains the elements of the steam injector as commonly
,

.
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built. The action is precisely like that. of the cone, as already
described in connection with Fig. 10.
When the valve L is opened steam issues from the nozzle C,
escapes through the mouth of the cone D, and leaps across the
narrow opening in the pipe E. Here, however, it meets the
closed check-valve F, which it cannot lift, owing to its slight
pressure. Consequently, as soon as the steam fills the pipe C it
is forced out into the chamber J, whence it escapes through the
overflow K to the atmosphere.
But the rush of steam from the nozzle forms a vacuum
inside the cone, and water is forced up into the cone, where it
mingles with the steam, is heated and condenses the steam. The
combined current, on leaving the mouth of the cone at a high
velocity, leaps across the gap into the pipe E, just as the steam
has done, at first. But this jet of water, on account of its weight
and velocity, possesses much greater energy than the steam jet.
Hence, when the pipe E is filled up to the check-valve, the water
that continues to come from the cone raises the pressure to a high
degree, and this pressure, being so much greater than that in the
boiler, lifts the check-valve, and the water passes through into
the boiler. As soon as the check-valve is lifted the escape of water
at K ceases, and to prevent air being drawn in at K on account
of the vacuum formed in d by the jet rushing across from D to
E, another check-valve, opening outward, is placed in the outlet
pipe K.
This, then, is the section of the injector. The steam, escaping
at a very high velocity, gives up much of that velocity to the
water, and the pressure of the swiftly-moving column of water
is sufficiently great to overcome the boiler pressure, which it
does.
Types of Injectors. There are two general classes of injectors, known as " Single-Tube" injectors, when they have a single
set of nozzles; and as "Double-Tube" injectors, -when they have
two sets of nozzles. One of the latter kind has the function of
lifting the feed water and delivering it to the forcing set, which
latter imparts to the water sufficient velocity to cause it to enter
the boiler.
Lifting and Non lifting Injectors. A lifting injector is
placed above the highest water level of the tank from which the
-
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feed water supply is taken, so that the injector has to lift the water
up to its own level. A non-lifting injector is placed below the
lowest level of the water of the tank from which the feed water
is taken, and it flows to the injector by gravity.
The Essential Parts of an Injector. The essential parts of
injectors are, in the first place, the nozzles, which perform the
function of delivering or forcing the water into the boiler, and, in
the second place, the operating mechanism, such as the liftingvalve, steam-valve, water-valve, etc.
Sizes of Injectors for Locomotives. In determining the size
of injectors required for locomotives, the size of the cylinder is
usually taken as the standard, although the diameter of the boiler
and the kind of service for which the locomotive is intended have
a modifying influence.
Types in General Use. There are a large number of different
types of injectors in general use, some of which are shown in
Figs. 12 to 19. Fig. 12 represents a Sellers injector; Fig. 19
represents the interior arrangement of the Koerting injector;
Fig. 14 represents the Monitor injector; Fig. 18 the Eclipse
injector; Figs. 15 and 16 two types of the " Little Giant" locomotive injectors; Fig. 17 represents the Hancock inspirator, and
Fig. 13 the Metropolitan injector.
The Sellers Improved Self Acting Injector. This injector is
simply constructed, and contains few operating parts, as shown
in Fig. 12. The lever is used in starting only, and the water
valve for regulation of the delivery. It is self-adjusting, with
fixed nozzle, and restarts automatically. All the valve seats that
may need refacing can be removed; the body is not subject to
wear, and will last a lifetime.
The action is as follows: Steam from the boiler is admitted
to the lifting nozzle by drawing the starting lever (33) about
one inch, without withdrawing the plug on the end of the spindle
(7) from the central part of the steam nozzle (3). Steam then
passes through the small diagonal-drilled holes and discharges
by the outside nozzle, through the upper part of the combining
tube (2) and into the overflow chamber, lifts the overflow valve
(30), and issues from the waste pipe (29). When water is lifted
the starting lever (33) is drawn back, opening the forcing steam
nozzle (3), and the full supply of steam discharges into the
-
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combining tube, forcing the water through the delivery tube into
the boiler pipe.
At high steam pressure there is a tendency in all injectors
having an overflow to produce a vacuum in the chamber (25). In
the self-acting injector this is utilized to draw an additional
supply of water into the combining tube by opening the inlet valve
(42) ; the water is forced by the jet into the boiler, increasing
the capacity about 20 per cent. The water-regulating valve (40)
is used only to adjust the capacity to suit the needs of the
boiler.
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links (15), which can be swung out of the way, and the follower
(12) tightened on the packing to make the gland steam-tight.
The Sellers self-acting injector is especially adapted to railroad service, as its efficient, positive action and wide range of
capacities at 200 pounds steam render its application to highpressure locomotive boilers very advantageous. It will work
from the highest. steam pressures used on locomotives down to 35
pounds steam without adjustment, and without wasting at the
overflow, and by regulating the water-supply valve on the injector

Fig. 12.
SELLERS SELF—STARTING INJECTOR.

The cam lever (34) is turned toward the steam pipe to prevent the opening of the overflow valve when it is desired to use the
injector as a heater or to clean the strainer. The joint between
the body (25) and the waste-pipe (29) is not subject to other
pressure than that. due to the discharging steam and water during
starting; the metal faces should be kept clean, and the retaining
nut (32) screwed up tight.
To tighten up the gland of the steam spindle, push in the
starting lever (33) to end of stroke, remove the little nut (5), and
draw back the lever (33). This frees the crosshead (8) and

Fig. 13.
METnopoLITAIN

INJECTOR.

it can be operated at 15 pounds. As it restarts instantly under
all conditions of service, it can always be depended upon to force all
the water into the boiler, so that the engineer can give his whole
attention to his other duties.
The Metropolitan Locomotive Injector. Fig. 13 represents
a Metropolitan double•tnbe injector, composed of a lifting set of
tubes, which lifts the water and delivers it to the forcing set of
tubes under pressure, which in turn forces the water into the
boiler.
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The lifting set of tubes acts as a governor to 1 he furring
tubes, delivering the proper amount of water required for the
condensation of the steam, thus enabling the injector to work without any adjustment under a great range of steam pressure, handle
very hot water, and admit of the capacity being regulated for
light or heavy service under all conditions.
This injector will start with 30 to 35 lbs. steam pressure,
and without any adjustment of any kind will work at all steam
pressures up to 300 lbs. When working, all the water must be
forced into the boiler. It is impossible for part or all the water to
waste at the overflow, should the steam pressure vary. The
capacity can be regulated for light or heavy service under all
steam pressures, and with hot as well as with cold feed water.
The injector should be located inside the cab, so that it can
be conveniently handled by the engineer. It should be located
with the overflow nozzle about. 4 in. above the top of the tank.
It is necessary that the steam pipe and the openings in the main
steam valve should be large, so that the injector will receive a
full supply of dry steam.
Operation. To start the injector, the lever, 292, Fig. 13, is
drawn back, lifting the auxiliary steam valve, 213, from its seat.
This allows steam to flow through the lifting steam jet, 224, into
the lifting combining tube, 225, thereby creating a vacuum in the
suction chamber, causing the water to flow through the lifting
combining tube, 225, condensing the steam, then out through the
overflow valve, 215, and through the final overflow valve, 234,
through the overflow pipe to the atmosphere. A further movement of the lever, 292, opens the steam valve, 206, which admits
steam to the forcing steam jet, 207, which is condensed by the
water which is in the intermediate chamber, and in the forcing
combining tube, 208, creating a pressure in the delivery chamber
of the injector, which is sufficient to close the overflow valve, part
215; and a further movement of the lever, 292, closes the final
overthrow valve, thereby turning the water from the overflow into
the boiler, thus opening the cheek valve, 210. When the injector
is working, the overflow valve is closed and held to its seat by pressure equal to the boiler pressure.
The capacity of the Metropolitan injector is regulated by
increasing or decreasing the amount of steam to the lifting
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steam jet, 224, by means of the regulating valve, 301. When
this valve is wide open, the lifting steam jet, 224, receives a full
amount of steam, which enables the lifting apparatus of the
injector to lift the greatest quantity of water and deliver it to the
forcing apparatus. When this regulating valve, 301, is partially
closed, it will partially close the opening into the lifting steam
jet, 224, decreasing the flow of steam, which will decrease the
amount of water lifted by the lifting apparatus. This arrangement has been found to be far better than the old method of
throttling the water supply. It enables the injector to run steadier
when working at its minimum capacity, and also enables the
capacity to he reduced more.
To use the injector as a heater, lift the side links, 286, by
means of the small handle on same, and pull the links back until
the pin, 287, drops into the notch. This operation causes the
final overflow to be closed and a small amount of steam can be
admitted, enough to heat the injector. When it is desired to
operate the injector after using it as a heater, the lever is simply
pushed in, which will place the injector in position to be operated.
If the injector breaks or will not start promptly, see if there
is a leak in the suction connection. If the openings into the tank
are too small, or the hose strainer clogged, or the hose kinked, or
the hose lining is collapsed, the injector will not get a sufficient
supply of water. If the injector will lift the water, but will not
deliver it into the boiler, see that the intermediate or line checkvalve, or the main boiler check-valve, is in proper working order;
also examine the suction pipe for leaks. A leak in the suction pipe,
while it may not prevent the injector from lifting, will prevent
the water being forced into the boiler. If the main steam pipe,
or the main steam valve, is not of sufficient size, or if there is a
leak in the dry pipe, the injector will not receive a supply of
steam sufficient. to force the water into the boiler. If the overflow pipe is smaller than the overflow nozzle, there will be a back
pressure, which will prevent the injector from lifting the water
promptly. The overflow nozzle and overflow pipe should be kept
free from lime or scale. This is very important.
Repairing. When the tubes become worn they should be
renewed. The forcing tubes are removed by removing the checkvalve casing, part. 211, by breaking the flanged joint. The lifting
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tubes are removed by removing the regulating center piece, part
302. Should the steam valves leak they should be reground.
Overflow valve, part 215, must seat. tightly. If this valve leaks
it will cause the hot water from the delivery chamber of the
injector to be forced into the intermediate chamber and drawn
into the combining tube, part 208, causing the injector to break.
This is very important.
The final overflow valve has a soft disc, part 249. This disc
is made soft, so that in case the valve should close on to any hard
substance it will not injure the valve seat. These discs can be
removed very easily.
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down until almost shut. It works steadily, whether the engine is
running fast or slow; while reversing, applying brakes, and during
ordinary stoppages. It is also capable of running heavy as well
as light trains, the quantity of water needed being regulated by
the water-valve attached. It is provided with an independent
lifting jet, which enables the injector to start promptly at all
times.
The body of the injector, as shown in Fig. 14, has been
divided into two parts, which are firmly held together by a double
flange, securely bolted. This enables the interior parts to be taken
out for cleaning or renewal, when necessary, without injury to the
injector.
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LITTLE G 1.1NT INJECTOR.

Fig. 14.
MONITOR INJECTOR.

The Monitor Injector. The proper position of this injector
is in the cab above the level of the water in tender, convenient to
engineer. If it is placed outside, it. must be provided with
connecting rods extending into the cab. Steam should be taken
from dome or highest part of boiler to insure best effects. It does
not waste water at overflow by ordinary variation of working
steam pressure, whether the water-valve is wide open or throttled

The steam-valve spindle is provided with a yoke stuffing-box,
which makes it possible to place the threaded part of the spindle
outside the steam chamber, diminishing its wear. The packing
can be adjusted and tightened by means of a large central nut,
still preserving the simplicity and convenience of an ordinary
stuffing-box.
The water-valve has been provided with a double handle,
with index pin, which engages with notches cut into the stuffingbox cap, thereby keeping the water-valve steady in any position
against any jar or vibration of the engine..
The Little Giant Locomotive Injector. These injectors, shown
in Figs. 15 and 16, are fitted with a movable combining tube, operated by a lever, which allows them to be adjusted to work correctly
19
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at different pressures of steam, and under the many conditions
which injectors are required to work.
To operate the injector, have the combining tube in position
to allow a sufficient quantity of water to condense the steam when
the starting valve is full open, then open the starting valve
slightly; when water shows at overflow, open full. Regulate the
water by moving the combining tube. To use a heater, close
overflow by moving the combining tube up against the discharge,
then open starting valve enough to admit the quantity of steam
required.

35 lbs. to 350 lbs. without any adjustment of either steam or
water, and the proportions are such as to increase its quantity of
water from 35 lbs. to 200 lbs., this being about the average pressure carried on locomotives ; and while its maximum capacity is
at 200 lbs., the percentage of decrease from 200 lbs. down to 160
lbs. is not enough to interfere with the requirements of the locomotive. It will lift water on the highest lifts encountered in locomotive practice, even if the suction becomes heated or filled with

hot water.
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Fig. 16.
LITTLE GIANT INJECTOR.

Fig. 17.
The Hancock Locomotive Inspirator. The Hancock inspirator
consists of one apparatus for lifting and one for forcing. It
works with high or low steam pressure on all lifts up to 25 feet,
when taking feed water under a head, with hot feed water as well
as cold. For all steam pressures and for all conditions its operation
is the same, and it requires no adjustment for varying steam pressures.
The Hancock locomotive inspirator, Fig. 17, is operated by
a single lever, and is made in different types to suit different connections, and will work successfully with pressures of steam from

HANCOCK INSPIRATOR.

The regulation from maximum to minimum is accomplished
by simply reducing the amount of steam supplied to the lifting
apparatus. The combining tube has no openings between its
mouth and delivery end, and it admits of a positively closed overflow; hence all water passing through the combining tube must
go to the boiler, and cannot escape at the overflow. This condition
is possible on account of the two sets of tubes, the lifting tube
acting as a regulator and governor for the forcer, hence requiring
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no adjustment from the lowest to the highest steam pressures within
its entire range.
The intermediate overflow valve operates automatically, its
only function being to give direct relief to the lifter steam nozzle
when lifting or priming, and it comes to its seat when the force of
steam is applied, and is held there by the pressure exerted by the
force.
To start the Hancock inspirator, draw the lever, 137, Fig.
17, back to lift the water, then draw it back to the stop. When
the lever, 137, is drawn back slightly steam is admitted to the
lifter steam valve, 130, through the forcer steam valve, 126, to
the lifter steam nozzle, 101. The flow of the steam into the lifter
tube, 102, creates a vacuum, and causes the water to flow through
the lifter tube, 102, condensing the steam, and out through the
intermediate overflow valve, 121, and through the final overflow
valve, 117, in the delivery chamber. A further increment of the
lever, 137, opens the forcer steam valve, 126, admitting steam
to the forcer steam nozzle, 103, and to the forcer combining tube,
104, creating. a pressure in the delivery chamber sufficient to
close the intermediate overflow valve, 121, and open the intermediate or line cheek-valve, 111. The final overflow valve, 117,
will be closed and the inspirator In full operation when the lever is
drawn back to the stop. When the pin in the wheel of the regulating valve is at the top, the inspirator will deliver its maximum
quantity of water; to reduce the feed turn the regulating wheel to
the right.
To use the patent. heater attachment, lift the connecting rod,
106, until disengaged from the stud in the lever, 131, then draw
back the connecting rod to close the overflow valve, 117. Draw
the lever back to the point used in lifting. This will usually give
all the steam that is required for a heater. If the amount going
back is too large, regulate it by the regulating wheel to give just
the amount required, as with the lever in the position described
all the steam blowing back would pass through the lifter nozzle.
Thereby the closing of the main steam-valve at the boiler becomes
unnecessary.
To obtain the best results, the inspirator should be located
with the overflow nozzle about 4 in. above the water in the tank.
The steam should be taken through a dry pipe from the dome.
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Connections from the inspirator to the dome and the openings in
the suction or feed pipe connections from the inspirator to the
tank must not be smaller than those called for by the manufacturer.
The Hancock inspirator of the composite type consists of
two separate and individual inspirators within one body or casing.
which can be operated separately or simultaneously, as desired.
Where it may be desired to locate both injectors on one side of the
locomotive, convenient to either the engineer or fireman who has
charge of pumping the engine, or on the boiler butt, available to
both, the advantages of the composite are apparent. Owing to
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Fig. 18.
ECLIPSE INJECTOR.

the limited room in the cab, it is generally difficult to locate both
instruments so that they can both be operated by the engineer
and be equally convenient.
The composite type occupies but little more space than a
single inspirator or injector, and, owing to its compactness, it has
been found that it can be located in positions where in the past
it has not been possible to locate two separate instruments. It
places both instruments directly under control of the engineer, and
both are equally convenient to operate, the result being that both
instruments are operated and kept in good order. Each instrument has an independent suction pipe, delivery pipe and line
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check-valve, thus enabling each to be operated independent of the
other.
In attaching the composite inspirator (either to back head
or side of boiler), one steam valve, one steam pipe, one overflow
pipe and one opening into the boiler are dispensed with, thus
effecting a very considerable saving of material and labor, which
would be required with two separate instruments. It is desirable
to use a double check-valve in connection with the composite
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nozzle is all free and clear, that the overflow pipe is apt to escape
the attention of the person doing the repairs or overhauling the
injector, and are reported not working satisfactorily. It is almost
impossible to ascertain this without removing the pipe. These
pipes should always be looked over and kept free.

Care of Check-Valves. The intermediate or line check-valve
in the delivery pipe should receive attention. The line check-

inspirator.

Fig. 19.
KOERTINO INJECTOR.

Fig. 20.
INJECTOR STEAM VALVE.
valve in the delivery end of the injector, in ease of impure water,

There are a considerable number of other types of injectors
in general use, among which are the Lunkenheimer, the Eclipse,
Fig. 1R, and Keening, Fig. 19.
Care of Overflow Pipes. An ordinary source of annoyance
very often occurs from the overflow nozzle or overflow pipe becoming filled up, contracting the opening• so that the injector will not
lift or prime promptly. Sometimes it occurs, when the overflow

should be looked after frequently. When the injector is provided
with a swing check-valve, care should be taken to keep this valve
clear from deposits resulting from impurities in the water.
Care of the Suction Pipe. Where iron suction pipes are used,
especially if the pipe is in two pieces and connected by unions,
they should be carefully watched to see that they are absolutely

tight and well supported, as a very slight leakage of air will
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materially reduce the capacity of the injector, and if too large
a quantity of air is admitted it will cause the injector to break.
Points on Operation. It is very important that there should
be ample steam and water supply to all types of injectors. It
sometimes occurs that the injector will not work satisfactorily
with the regulating valve wide open or at its maximum, but will
work when this valve is partially closed or when at its minimum.
This indicates clearly an insufficient steam supply. It may be
'Inc to the contracted openings in the valve next to the boiler,
combination box, or too small dry pipe leading to the combination box, and should be remedied. An insufficient supply of water,

caused by too small size or restricted opening in the tank valve,
too small opening in the goose-neck leading to the tank, too small
area in the strainer, a kinked or partially collapsed hose, or
leaks in the suction pipe, would cause the inspirator to break.
Injector Valves. For controlling the steam flowing through
the steam pipe leading to the injector, a steam valve, shown in Fig.
20, is used. The steam pipe for supplying the injector is placed
inside the boiler, and the steam valve on the outside, near where
the pipe leaves the boiler to run to injector. This valve is closed
only when the injector is disconnected or the engine not in use.
The feed pipe is connected directly to the boiler, and is carried
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forward inside of it to its front end. The feed-valve, Fig. 21,
is placed in this line, as is also the check-valve shown in Fig. 22.
The cheek-valve may he placed either inside or outside the boiler,
which prevents the boiler from being emptied in case of accident.
Starting an Injector. In starting an injector, if it is a lifting one, the lifting valve should be opened first, and when the
water appears at the overflow the forcing valve of the injector
should be opened gradually to its full extent. In starting a nonlifting injector the water should be admitted to the injector first,
and when it appears at the overflow the steam valve should be
opened gradually to its full extent.
Stopping an Injector. In stopping an injector, the steam
valve should be pressed firmly and gradually on its seat, avoiding
(more particularly in the case of a lever mechanism) the closing
of the valve with a sudden shock, which injures the valve and its
seat, and has a tendency to loosen these seats where they are
inserted in the body of the valve.
Hints to be Followed Before Connecting the Injector. 1. Blow
out all pipes carefully with steam before attaching the injector,
tapping the pipe with a hammer in order to loosen all the scale.
2. When drip pipe is attached close to overflow of injector,
it must be same size as given in table.
3. Always use a dry pipe attachment to insure perfectly dry
stealil.
4. The diameter of the strainer should be large enough to
give an ample supply of water even when some of the holes are
choked.
5. Keep all valves steam-tight. All leaks tend to increase
rapidly, owing to the velocity with which steam passes through
the smallest opening.
6. Keep the steam pipe and chamber free from dirt and
chips from the threads on the pipes, and the steam nozzles perfectly clean. The steam nozzle is the life of an injector, and
should be maintained in best condition. If the injector is new
and the lifting nozzle should fill up, remove from body as described.
7. When grinding the steam-valve, place a rubber washer
over the holes leading to the lifting nozzle to prevent the sand
from working into the lifting jet ; this washer should, of course,
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be provided with a hole large enough to admit the plug on the
end of the spindle; then screw the steam stuffing-box rather
tightly against its shoulder to insure its proper alignment. Kee
the steam-valve perfectly tight.
8. To remove lime and scale, immerse the tubes or the whole
injector in a bath composed of ten parts of water to one part
inuriatic acid. Remove as soon as scale is dissolved.
Things to be Remembered About Injectors. Set the injector
just above the top water level of the tank. At 8 feet lift, 200
pounds, the capacity is about 10 per cent. less than its rated
capacity.
Cold water is best for the injector. lIot water reduces its
life and efficiency. At 120 deg. the capacity is about one-third
below its rated capacity.
Use large suction pipe and tank-valve connections. If the
diameter is increased one size, the gain in capacity is from 5 to
10 per cent.
Use large strainer with small holes. Small strainers require
frequent cleaning. If the holes are large, cinders and coal pass
through and wear the tubes. If the strainer is too small, the
injector does not give full capacity. Be sure that the gasket
between hose and section pipe is not squeezed so as to close
opening.
Suction pipe must be absolutely tight. Any leak of air
reduces the capacity and makes the overflow-valve jump.
Delivery pipe and main check-valve must be of ample area.
If an injector gives high back pressure, it. is using too much steam.
If the delivery opening is too small, the power of the injector is
wasted in increased friction in the pipes.
Take good care of the injector. Keep all glands steam-tight,
and watch carefully for leaks in the suction pipe. Do not force
the steam-valve against its seat ; close the valve gently. Start the
injector in the same way; at very high pressure the delivery pipe
is liable to burst if the lever-starting valve is jerked open. Keep
the injector clean, and report at once if not working properly..
Do not run with the water-regulating valve wide open all the
time.

may be due to a disconnected and closed tank-valve, clogged strainers, loose coupling in feed pipe, which destroys the vacuum necessary to raise the water when starting a lifting injector, stuck
check, etc.
Causes of Injector Failures. The most common causes for
failures of injectors are the following: Leak in the suction pipe;
obstructed strainer or strainer of insufficient size; lining up of
the nozzles; loose hose lining; obstructions in the nozzles, such as
pieces of coal, or other foreign matter washed in from the tank ;
obstructions in the delivery pipe, such as a sticking boiler check,
which will not open properly; leaky steam-valve and boiler check,
which will affect the starting of the injector by heating the suction pipe and the feed water.
Remedy for Injector Troubes. In case the cheek-valve is stuck
open, and is not provided with a stop-valve, it will be necessary
to close the heater-cock and water-valve of the injector. In this
case reliance for feeding the boiler must be had on the other
injector, the check of which must be in good condition. If the
boiler check has a stop-valve, this can be closed clown to shut off
the boiler pressure from the check, in which case the check can
be taken out for cleaning, or for the removal of the causes which
made the valve stick open.
To determine whether the check-valve is leaking, the frostcock, with which all delivery pipes and most check-valves are
provided, should be opened. If water continues to issue from this
first frost-cock, the indication is that the check-valve is leaking.
To determine whether the steam-valve is leaking, the cap of the
heater-cock and the heater-cock should be removed. If the steamvalve is leaking, steam will issue through the opening. In such
cases the check-valve and the injector must be reported for repair,
and the leaky valves ground in.
In case the combining tube is obstructed, it must be removed,
the nozzles thoroughly cleaned, and all obstructions removed.
When the suction pipe leaks the injector works with a hoarse,
rumbling sound, caused by the air drawn in through the leaks.
A leak in the suction pipe may also be determined by closing the
tank-valve and opening the steam-valve of the injector slightly,

Failures of Injectors. If an injector stops working while on

with the beater-cock closed. If there is a leak anywhere in

the road, first ascertain the cause before applying the remedy. It
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the suction line, the steam under such circumstances will issue
through the leak.
In case of an obstructed hose or strainer, the connection
between the hose and strainer should be broken, and, with the
heater-cock closed, steam should be blown back through the strainer.
The water allowed to flow through the open hose will usually
wash out the obstruction. In most cases it will be sufficient to
remove the waste cap of the strainer, and allow water from the
tank to flow through to wash out the obstruction.
Leaky Throttle, Steam Pipes or Dry Pipe. If the throttle
were closed and steam came out of the cylinder cocks, the cause
would probably be a leaky throttle or dry pipe. A leaky throttle
will show dry steam only, while with a leaky dry pipe more or
less water will pass out of the cylinder cocks with the steam
when the engine is standing, and when the engine is working
she appears to be working water all the time. Leaky steam pipes
interfere with the draft on the fire, and prevent the engine from
making steam. They should be tested by placing the lever in
the center, setting the air brake, opening throttle and watching
the joints of steam pipes top and bottom. If the test is made in
the shop, it should be done with hydraulic pressure.
A leaky exhaust pipe joint or a leaky nozzle joint may be
tested by placing the lever forward or back, and moving the engine
slowly with brakes set and watching the joints. Cinders never
accumulate around such leaks, and are always driven away from
them.
STEAM GAUGES.
Steam gauges are instruments used for indicating the pressure in the boiler or pipes. The gauge really belongs among the
safety appliances of the boiler, as it is consulted very frequently,
and its indications taken as representing the actual conditions in
the boiler. The gauge should, therefore, be of the most approved
pattern, and every effort should be made to have it reliable. It
should always be placed in some convenient position so that it may
be read at a glance, usually in front of the steam drum. If it is
practicable, it is always a good plan to have two gauges, for one
would then he a check upon the other. A steam gauge never
should be attached to the steam pipe, but always to the top of
the drum or boiler; it should stand at zero when the pressure

BOILER FITTINGS AND ATTACHMENTS. 301
is off, and it should show the same pressure as the safety-valve
when that is blowing off. If not, then one is wrong, and the gauge
should be compared with one known to be correct. Every gauge
should be calibrated and the needle reset every month. The cost
of a calibrating apparatus is very small, and a gauge can be
tested and returned to its place on the boiler in less than a half
hour. It is a gross neglect to have gauge readings several
pounds off, and, with a little care, it can be kept in first-class
condition.
There are at present two kinds of gauges in most general
use, namely, the Bourdon gauge and the Diaphragm gauge.

Fig. 23.
BOUR DON GAUGE.

The Bourdon Gauge. The Bourdon gauge, sometimes called
the spring gauge, is represented in Fig. 23. It consists of a
curved tube, usually of brass, having an elliptical cross-section.
One end of this tube is rigidly fastened at the point where the
connection is made to the steam pipe. The other end is closed
and left free to be influenced by the pressure within the tube.
The pressure in the tube has a tendency to change the crosssection from an ellipse to a circle. This change of section affects
the metal differently in the tube, and tends to straighten it. One

end being fastened, the other moves outward under the influence
of pressure, and operates a gear which meshes with a pinion,
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upon which the needle is mounted. The needle is thus moved
around a circular dial, and readings at known pressure recorded.
The range of the gauge is governed only by the tube, and
by varying the thickness of this tube the gauge can be made to read
very low pressures or the highest hydraulic pressures. The action
of heat on the tube will tend to expand it and change its readings
appreciably, so that a siphon is usually attached to the gauge.
This siphon collects a quantity of condensed steam, and the steam

pressure is communicated through this water to the tube. If a
gauge should become heated while in use, a piece of wet waste
put upon the siphon will usually condense enough steam to cool
off the gauge and prevent any further trouble. After heating,
a gauge should always be checked to make sure that it is not.
affected.
Diaphragm Gauges. Diaphragm gauges are those in which
there is a chamber, usually immediately below the case, as in Fig.
24, or just back of the case. A disc or diaphragm is placed in
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this chamber, and the pressure, acting on one side of it, causes
it to sag at. the center. This force is opposed on the other side
by some devices which transmit the movement of vibration
of the diaphragm to the needle which moves about the dial.
Known pressures are applied and the position of the needle
marked on the dial. The scale is thus constructed, and the needle
will indicate the pressure of the steam.
The principal difficulty with this form of guage is that the
diaphragm will lose its elasticity after a time and become unreliable. This is especially true where metal diaphragms are used.
Experiment has shown, however, that the corrugation shown

in Fig. 24 gives the most durable diaphragm, and is very efficient. The pressure is applied to the diaphragm and acts through
it on the plunger, which then transmits the motion through the
intermediate mechanism shown in the middle of the diagram.
The spring is used to hold the needle firm, and to prevent it
from sticking.
FUSIBLE PLUGS.
Fusible plugs are inserted in the highest part of the crown
sheet of locomotive boilers, as shown in Fig. 25, as a safeguard
against collapse of the furnace crown due to low water. Fusible
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plugs are made of brass, and arc' provided with a core of fusible
metal composed of an alloy of tin, lead and bismuth. In case

the water gets low and the plate dangerously overheated, the

r

inches above the plate, so that when the alloy melts there will
still be sufficient Alepth of water over the exposed plate to prevent injury from heat. Sometimes the core is covered with a
thin copper cap, as shown in Fig. 27, which protects the alloy
from contact with the water, tlms preventing chemical change
and the formation of scale.
Fusible plugs should be examined when the boiler is cleaned,
and very carefully scraped clean, on both the fire and water sides.
If they are not kept clean, they may not act when they are most
needed.
SAFETY VALVES.

Fig. 26.
TYPES OF FUSIBLE

PLues.

fusible plug melts and runs out of the plug, so that steam can
escape through it, which thus gives warning of the danger and
relieves the pressure in the boiler. Fig. 26 shows the general

Fig. 27.
COVERED FUSIBLE PLUGS.

form of a fusible plug, with the fusible composition in a conical
form to prevent the steam from blowing it out.
The fusible plug should be made in such a shape that when
screwed into the crown-sheet it projects one and a half to two

The most important safety device used on the boiler is the
safety-valve, as it governs the amount. of pressure that can be
carried by the boiler; it forms an outlet for any pressure in
excess of that which should be carried, and it prevents boiler
explosions due to high pressure. The universal practice at present
is to use at least two safety-valves of the pop type upon every
locomotive boiler, these valves being placed upon the dome.
The requisites of a good safety-valve for locomotive work
are: The area for the escape of steam should be sufficient to
allow it to escape as rapidly as it is formed ; its construction
should be such that it will close as soon as the pressure has fallen
a predetermined amount; it should be so designed that it can
neither be tampered with nor get out of order; it must act
promptly and efficiently; it must not be affected by the motion
of the locomotive.
Richardson Safety-valve. In order to answer all these requisites, special forms of safety-valves are used on locomotive boilers,
one of which is the Richardson safety-valve, shown in Fig. 28.
In this type the valve A rests upon the seat B. The valve is
held down by a spindle' C, the lower end of which rests upon the
bottom of a hole in the valve A. A helical spring, D, rests on a
collar on the spindle. The pressure on the spindle is regulated
by screwing the collar E up or down in the muffler casing. The
valve seat B may be rounded or straight. Outside of the valve
seat there is a projection F,- beneath which a groove, C, is cut
20

306 BOILER FITTINGS AND ATTAcIIMENTS.
in the casing. When the valve lifts, this groove is filled with
steam, which presses against that portion of the valve outside of
the seat, which, by thus increasing the effective area of the valve,
causes it to rise higher and remain open longer than it would
without this device. The adjustment of the valve is usually
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American Pop Safety-valves. Other types of safety-valves
in general use are shown in Figs. 29, 30, 31 and 32. Fig. 29
represents the American muffled pop safety-valve, the adjustment
of which is located directly beneath the cap at top of valve. To
adjust the valve, the cap is removed from the top of the valve,
and lock nut B is loosened. The pressure at which the valve
should blow off is then regulated by bolt A. The blow-back is

Fig. 29.

Fig. 30.

Fig. 28.

AMERICAN POP-SAFETY VALVE.

RIO H A RD:40N SAFETY VALVE.

regulated by the large hexagon nut C, located below the lock nut
13. The American open pop safety-valve is shown in Fig. 30.
The blowing-off point is adjusted by means of the two squarehead relief nuts projecting through the valve casing.
The Crosby Locomotive Pop Safety valve. Fig. 31 represents the Crosby locomotive pop safety-valve. The valve proper,
B, rests upon two flat annular seats, M M and N N, on the
same plane, and is held down against the pressure of steam by the

made so that, after opening, it will allow steam to escape until
the pressure in the boiler is about 4 lbs. per square inch below
the normal. The U-shaped, perforated easing H serves as a
muffler to decrease the noise caused by the escaping steam. It
does this by breaking up the large flow of steam issuing from the
main valve into a number of small jets,

-
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steel spiral spring S. The tension of this spring is obtained by
screwing down the threaded holt T at the top of the cylinder R.
The area contained between the seats Al M and N N is what the
steam pressure acts upon ordinarily to overcome the resistance of
the spring. The area contained within the smaller seat N N in
not acted upon until the valve opens.
The larger seat M M is formed on the upper edge of the
shell or body of the valve. The smaller seat N N is formed on
the tipper edge of a cylindrical chamber C C, which is situated
in the center of the shell or body of the valve, and is held in its
place by arms D D, radiating horizontally, and connecting it
with the body or shell of the valve. These arms have passages,
E E, for the escape of the steam or other fluid from the well
into the air when the valve is open. This well is deepened so as
to allow the wings H II of the valve proper to project down into
it far enough to act as guides, and the flange G is for the purpose
of modifying the size of the passages E E, and for turning upward
the steam issuing therefrom.
When the pressure under the valve is within about one
pound of the maximum pressure required, the valve opens slightly,
and the steam escapes through the outer seat into the cylinder and
thence into the air; the steam also enters through the inner seat
into the well, and thence through the passages in the arms to the
air. When the pressure in the boiler strains the maximum point,
the valve rises higher and steam is admitted into the well faster
than it can escape through the passages in the arms, and its pressure rapidly accumulates under the inner seat; this pressure,
thus acting upon an additional area, overcomes the increasing
resistance of the spring, and forces the valve wide open, thereby
quickly relieving the boiler. When the pressure wittin the
boiler is lessened the flow of steam into the well is also lessened,
and the pressure therein diminishing, the valve gradually settles
down; this action continues until the area of the opening into the
well is less than the area of the apertures in the arms, and the
valve promptly closes.
The point of opening can be changed while under steam by
screwing the threaded bolt at the top of the cylinder. To adjust
the valve, screw the head-bolt until the valve opens at the pressure
desired, as indicated by the steam gauge; secure the head-bolt
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in this position by means of the lock-nut. For regulating the loss
of escaping steam, turn the screw ring G up or down for increasing
or decreasing it.
Care should be taken that no red lead, chips, or any hard
substance be left in the pipes or couplings when connecting the
valve with the boiler. Never make a direct connection by screwing a taper thread into the valve, but make the joint with the
valve by the shoulder.

0 ° NV
/
■A
7,,70
..../.
'V
...../ ,
N1
s.. \ \,,,
1&

\ ,,,,,

IIIIII

,

-.„,<sx. .5XI
NIMI1 III

■■■■ME■■

/.......;,,

To Repair Leaky Valve. The Crosby valve, having flat seats
on the same plane, is very easily made tight if it leaks by following these directions, viz.: Wish an ordinary lathe slightly turn
off the two eccentric seats of the valve and valve-shell, or base,
respectively, being careful that this is done in the same plane
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and perpendicular to the axis of the valve. The valve will then
fit tightly on the valve shell. If no lathe is at hand, then grind
the valve proper on a perfectly flat surface of iron or steel until
its two bearings are exactly on a plane, and with good, smooth
surfaces; then take the shell and grind its seat in precisely the
same manner ; rinse both parts in water and put together, and the
valve will be found to be tight; to ascertain when the bearings
are on the same plane, use a good steel straight-edge. Do not
grind the valve to its seat on the shell by grinding them together,
but grind each part separately, as above stated.
Crane's Improved Pop Safety Valve. The construction of the
Crane safety-valve, Fig. 32, embodies a self-adjusting feature
automatically regulating the " pop " of the valve; in other words,
it maintains the least waste of steam between the opening and
closing points. This is more clearly explained as follows: in
pop safety-valves it is necessary to have a "pop." or huddling
chamber, into which the steam expands when main valve opens,
thereby creating an additional lifting force proportionate to this
increased area, and greater than the force of spring, thus holding
the valve open until pressure is relieved. Means must also be
provided to relieve this " pop " chamber of pressure, in order
to allow the valve to close promptly and easily. This is accomplished by a self-adjusting auxiliary valve and spring, which are
entirely independent of the main valve and spring; and to further
explain their operation, the steam in " pop " chamber finds a
passage through holes or ports into an annular space provided in
the auxiliary valve or disc, and by reason of the light auxiliary
spring this pressure lifts the auxiliary valve and allows the steam
in " pop" chamber to gradually escape, thus permitting a greater
range in setting pressures with the least. waste of steam, and at
the same time supplying a cushion or balancing medium, thereby
preventing any chattering or hammering, and affording the easiest
possible action in closing.
To change pressure, unscrew the top bolts and remove the
cap, slacken lock-nut; to increase pressure, turn screw plug down
(to the right); to decrease pressure, turn screw plug up (to the
left), then tighten lock-nut.
Should the valve waste too much steam between the opening
and closing point, turn the outside pop regulator to the left until
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the desired waste is obtained. Should it -work too close, turn
regulator to the right for greater waste.
Size of Safety-valves. No uniform practice has prevailed
in the past in proportioning safety-valves for various sizes of
locomotives. The locomotive builders follow specifications of
the railroads, and it has been the practice of the railroad companies to base their specifications on what has been done before on
similar locomotives. During the year 1908, however, the Master
Mechanics' Association collected data from the various railroad
companies, valve manufacturers and locomotive builders, in order
to determine some rule which should prevail in existing practice.
Based upon this data, the committee of the Master Mechanics' Association found that the lift of safety-valves varied from 1-32 to
1-10 of an inch, and that the following empirical rule for the
size of safety-valves represented the best practice as it exists to-day.
Taking the mean effective area of the opening of the valve
as one square inch per 500 square feet of heating surface, this
value being based on the existing average practice of twelve rail :,
roads,thefmulbc

A—

.10266XS
P

in which
A= the effective area of the opening of the valve in square
inches.
S=the heating surface of the boiler in square feet.
P=the gauge pressure plus fifteen pounds.
The formula is based on an evaporation of 5.28 pounds of water
per square foot of heating surface per hour, and the committee
of the Master Mechanics' Association recommends it for use in
the application of safety-valves until such a time as it has been
shown to be in error, or upon future investigation a better one
shall have been devised.
The practice of builders is, however, to use two or three
valves, whose combined area shall be equal to I square inch to 2
square feet of grate area, with a tendency to make the ratio of
grate to valve more rather than less. This is especially true on
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boilers of the Wooten type, where the ratio may be as high as 1
square inch of valve area to 5 square feet of grate. The usual
practice is to use 21-inch or 3-inch valves.
Whistle. The whistle is used for signal purposes, and consists of a thin cylindrical bell, A, Fig. 33, closed at the top and
sharpened at the lower edge. Steam is allowed to escape from a
narrow circular orifice B, directly beneath the edge of the bell.

1

Fig. 33.
WHISTLE.

CHIME WHISTLE.

Part of this steam enters the interior, and sets up a series of vibrations therein. The more rapid these vibrations, the higher the
tone of the whistle. The tone is affected by the size of the bell
and the pressure of steam. The larger the bell the lower will be
the tone; the higher the steam pressure the higher the tone. In
order to avoid the shrill noise of the common whistle, chime
whistles are used, as shown in Fig. 34. In these the bell is

4

divided into three compartments, tuned respectively to the first,
third and fifth of the common musical scale, which harmonize
and give an agreeable chord.
Blow-off Cocks. One or two large cocks, called blow-off
cocks, are generally placed on the side of the boiler or near the
bottom of the fire-box, either in front or back, for the purpose of
allowing the boiler to be cleaned by blowing out considerable
Loose mud and dirt with the water.
A blow-off cock may be either a globe-valve operated by a
screw; a taper plug-valve, operated by a lever; a sliding discvalve, operated by a lever, or a plunger-valve, upon whose upper
end either steam or air may be forced to unseat it. As the object
of any of these valves when open is to permit the escape of sediment and impurities from the boiler, they are located at the
bottom of the boiler.
Blower. Another valve found in the cab is the blower-cock,
which controls tile blower.
The blower consists merely of a steam pipe leading from
and fitted with a valve in the cab to the stack, where it is turned
upward. The escaping steam gives motion to the air therein,
the same as the exhaust steam, and thus induces a draft. through
the fire-box. It is used when the fire is to be forced while the
engine is standing.
Gauge Cocks. Every locomotive , is provided with three or
more gauge cocks, which are placed in the back end of the boiler,
where they are easily accessible. The positions of these cocks on
the boiler are shown at C, C, C, in Fig. 35. The upper cock is
placed above the point where the surface of the water should be
when the engine is working. The middle cock is placed in line
with what should be the normal water level in the boiler, and the
lower cock is placed below the normal water level. They are
placed about 3 or 4 inches apart, and when opened the upper
cock should always show steam and the lower one water. Whether
the middle cock shows steam or water depends upon the position
of the water level between the upper and lower cock. A receptacle
D is usually placed below the cocks, so as to catch the water and
steam which are discharged from the cocks, and the pipe P carries
the water away.
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Gauge cocks must under all conditions be kept clean, so that
they will operate accurately at all times.
Water Gauge. A water gauge is an instrument used for indicating the level of the water in a boiler. A common form of
water gauge is shown in Fig. 36. It consists of two attachments
fitted with valves, one for water and one for steam. The watervalve is provided with a pet cock, so as to clean the water glass
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Hand-holes. In order to clean out the mud and scale in a
boiler, hand-holes are generally placed in the fire-box near the
bottom. They are usually oval-shaped holes, about 41 inches long
and 21 inches wide, and covered with a metal plate, which is

Fig. 35.
LOCOMOTIVE GAUGE COCKS.

and test the lower opening. The glass tube is secured in a
stuffing-box at each end. In placing the water gauge on the
boiler, it should be at least one inch above the crown sheet, or in
line with the lower gauge cock. It is very important that the
water gauge should record the proper level in the boiler, so that
it should always be attached to indicate the true level, and it
should be blown out frequently, and the glass and valve passages
kept clean.

Fig. 36.

Fig. 39.

fastened by bolts, as shown in Figs. 38 and 39. The cover
should have its seat on the inside, in which case a rubber gasket
will be sufficient to make a steam-tight joint. Before removing
hand-holes all safety-valves should be opened, and the pressure
in the boiler reduced to atmospheric pressure.
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SIGHT-FEED LUBRICATORS.
Next to the injector, the sight-feed lubricator, with which all
locomotives are equipped, is one of the most important locomotive
accessories. Generally speaking, every engineer understands how
to operate a lubricator, but there are many men who do not fully
understand the principles of its operation.
Object of Lubrication. The object of lubrication is the reduction of friction between two surfaces which slide together. A
perfectly smooth surface exists only in theory. With the most
modern appliances it is possible to produce at the best only a comparatively smooth surface, so that when two surfaces are placed
together in sliding contact there will always be some resistance to
motion and consequent wear on the surfaces. Oil is, therefore,
used to diminish this friction by filling up the irregularities and
interposing a thin film between the sliding or revolving surfaces.
To insure perfect lubrication the surfaces must be coated with
oil at all times, and under all pressures and velocities.
Selecting the Oil. It has been found, however, by long experience, that the best lubricant for cylinders is a mineral oil of
good body, with a high flashing point, because a mineral oil possesses a greater number of qualities which go to make up a valuable
cylinder lubricant than any other oil. Vegetable and animal oils
are not suitable in a cylinder, as they decompose easily, especially
at high temperatures, and tallow decomposes to a certain extent,
forming stearic acid, which attacks and eats the surfaces of the
piston and cylinder.
In selecting an oil for the cylinder of a steam engine, the
viscosity of the oil is an important factor. If the engine belongs
to the slow-speed type, an oil with high viscosity is necessary,
but with high-speed engines the viscosity need not be so high.
In either case, however, the viscosity should not be any higher than
necessary, since excessive viscosity tends to increase the friction
between the molecules in the oil itself. The flashing point is
another important consideration. If the steam pressure is high,
the oil should have a correspondingly high fire test. The flashing
point should never fall below 400 degrees F. in any case, while
a range of between 500 and 600 degrees is often demanded by
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careful purchasers. It is very difficult to get an oil that will
stand a higher temperature than 600 degrees without flashing.
Graphite. A good cylinder lubricant, which is coming into
use more and more, is graphite. It is a mineral substance, and
gives an exceedingly smooth surface to the interior of the cylinder. Its principal objection has been the difficulty of feeding
it into the cylinder. This difficulty has now been overcome by
mixing the graphite with oils. Two oils are used of about the
same specific gravity, but of such a nature that they will not
mix together. The graphite is then mixed with one of the oils
very thoroughly, after which the mixture is added to the other
oil, and the distribution of graphite is complete throughout the
mixture. It has been found that this compound feeds well without clogging the lubricator, while the graphite will not settle,
and is always held in suspension.
Principles of Lubrication. The system of lubrication used
for oiling the cylinders and valves of locomotive engines is based
upon the principle of hydrostatic displacement. The difference
in the specific gravity of the oil and water presses the oil from
the oil reservoir into the tallow pipe by means of the weight of
water entering in the condenser, with which all lubricators are
equipped. In other words, the lubricator depends on the action
of natural laws, which have to be complied with, or failure is
the result. The positive steam pressure in the lubricator and
pipes being the same as the back pressure, these soon neutralize
each other, and this leaves the positive pressure of the column of
water extending through the pipe leading from the condenser, the
condenser itself, and the part of the pipe above it ; against this
is opposed the back pressure of the column of water in the sightfeed glass. As the latter is much less than the positive pressures,
the drops of oil are forced through the nozzle.
Changes in Construction. From the time that Nicholas Seibert applied, in 1869, the hydrostatic system of oiling the valves
of steam engines, the principal change in the construction of
lubricators has consisted in increasing the size of the steam
supply pipes and equalizing pipes, producing a more complete
equalization of pressure within the lubricator, and in providing
steam chest arrangements for the purpose of enabling the lubricator to deliver the oil into the steam chest or cylinder of the
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engine under even the most unfavorable conditions. These steam
chest arrangements are of different types, some consisting merely
of an opening of a certain size in the steam chest oil plug; others
of valve arrangements, which are supposed to be in continuous
vibration, opening and closing in response to the pulsations of
pressure in the steam chest.
It was not until 1884, however, that a general attempt was
made to apply the hydrostatic displacement principle to oiling
the valves and cylinders of locomotive engines. Considerations
of convenience and accessibility made it desirable to take the
steam supply direct from the boiler, and to connect the oil pipes
to the top of the steam chest. This mode of connecting up to
the lubricator resulted in the condition that full boiler pressure
prevailed at all times at the inlet end to the lubricator, while at
the outlet end the pressure was variable, according as to whether
the engine was running under steam or with throttle closed, as
when drifting on a down-grade or running into a station.
Equalizing Feature. This condition necessitated the use, and
resulted in the invention of what is termed the equalizing feature.
This feature consists of a steam chamber, located near the delivery
end of the lubricator, which chamber is at all times subjected to
direct boiler pressure, and from which the steam and oil is permitted to escape through a passage of such small size that the
pressure at the outlet end is maintained at practically boiler pressure. By this means the pressure at the inlet to and the outlet
from the lubricator is practically balanced or equalized, irrespective of the pressure in the steam chest and in the oil pipes. In
some types of lubricators the equalization of pressures is accomplished by using a reduced opening in the steam chest oil plug
in connection -with or without automatic valves, with full open
tallow pipes from the chest to the outlet end of the lubricator, with
no choke plug in the lubricator. In these cases the tallow pipes
become part of the equalizing steam chamber just referred to.
Proper Size of Choke Plugs. The plan of providing a choke
plug in the lubricator and a reduced opening in the oil plug on
steam chest, so that there are no living parts or check-valves in
connection with the lubricator, which would be liable to wear
and necessitate frequent repairs or renewals, has worked successfully.
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Maintaining the proper size of choke plugs is one of the
prime conditions for the proper operation of the lubricator. This
can best be done by having two gauges, one to fit snugly a new and
unused choke plug, which has been provided with the proper

-

opening by the manufacturer, and is to be considered the standard for a certain type of lubricator, and a second one, which
might be termed the " rejecting gauge," and which fits snugly a
choke plug, which has worn just enough to begin causing the
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lubricator to feed noticeably faster with steam shut off the cylinder
than it does with steam on. Choke plugs through which the rejecti ng gauge passes should be thrown out of service. Choke
plugs may be procured from the manufacturer at such slight
expense that it is unwise to allow a worn plug to interfere with
the proper operation of the lubricator. It is safe to say that 90
per cent. of the complaints in regard to lubricators feeding faster
when throttle is closed and engine drifting is due to the fact
that. the choke openings have gradually become worn from usage,
irrespective of whether the choke is at the outlet of the lubricator
or at the steam chest
By referring to Fig. 40, the construction and operation of
the single feed variety can be seen. Steam comes through the
pipe B, which should be connected to the boiler some distance
above the lubricator. The steam is condensed in the reservoir F,
and when the valve D is opened the water of condensation runs
through pipe marked I into the oil-containing chamber. Steam
also enters pipe C, and the water of condensation fills the sightfeed glass H. Water in the glass II can rise no higher than the
pipe C, for this pipe is in connection and level with the delivery
pipe leading to the steam cylinder; consequently any more water
would simply run over into the steam pipe leading to the cylinder.
Water, however, can back up in the pipe B; consequently, if the
valve E is opened, oil will be forced down pipe 2 by the hydrostatic pressure of the water in pipe B, and the oil will rise out
of the nozzle at the bottom of glass H pass up through the water
in the glass, and find its way through the pipe C into the steam
pipe leading to the engine cylinder. By adjusting the valve E,
any desired number of drops of oil per minute may be delivered
within the capacity of the lubricator. The glass G is used for
the purpose of determining the height of oil in the lubricator.
The lubricator is known as the " single-connection " type, to distinguish it from the type having two pipes connecting it with the
steam pipe.
Two types of sight-feed lubricator which are in general use
are the Nathan sight-feed lubricator, shown in Fig. 41, and the
Detroit sight-feed lubricator, shown in Fig. 42. In Fig. 41 A
is the condenser ; B, the filling plug; C, the auxiliary oiler ; D,
the safety valve; E, the reducing plug; F, the delivery nut and
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coupling; G, the water valve; 4, the jam nut; J, sight-feed glass;
K, upper sight bracket and nut; L, lower bracket and nut ; M,
body of lubricator; N, gauge glass plug; 0, gauge glass; P, upper

,

gauge bracket and nut; R, lower gauge bracket and nut; S, waste
cock; T, regulating valve, and V, bottom plug.
The different parts of a Detroit sight-feed lubricator, shown
in Fig. 42, are A, the condenser ; B, filling plug; C, auxiliary
21
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oiler; I), connection for boiler pressure; E, plugs to fill glasses
with water when lubricator is first attached; F, tail pipe; G, water
valve; II, jam nut; J, sight-feed glass; H, drain valve; L, the
regulating valve.
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the form of a thick, round disc. The chances of their breaking
are reduced to a minimum, and even if they do break or crack
they will not fly around, but will remain imbedded in their
casings, so that the enginemen are safeguarded against injuries
which may result from broken glasses. The fact that these glasses
are safe under high pressure also resulted in the elimination of

Fig. 43.
DETROIT BULL'S EYE LUBRICATOR.

Bull's-eye Lubricators. A constructive change of vital importance in the design of locomotive lubricators consists in replacing the tubular sight-feed and gauge glasses by a form of glass
best known by the designation, " Bull's-eye." These glasses have

parts which otherwise would have been necessary, making the
lubricator simpler and more compact., reducing the number of
parts, and, therefore, also the cost of maintenance.
The Detroit Bull's-eye Lubricator. This type of lubricator is
shown in Fig. 43, and, as will be noticed, the sight-feed glasses
take the form of a " bull's eye." By referring to Fig. 43 the
designation of the different parts are shown. A is the oil reservoir ;

F, the condenser; B, steam valve; E, E, feed-regulating valves to
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right and left-hand cylinders; I), water feed-valve; G, drain-valve ;
C, steam connection; J, J, auxiliary oilers; L, feed-regulating valve
to air pump; 0, filler plug; R, coupling to air pump ; sightfeed drain sterns; W, W, coupling to right and left-hand cylinders;
X, valve on auxiliary oiler.
In the operation of this lubricator, steam is taken from the
turret or from dome through an independent dry pipe. To fill
the lubricator, remove filler plug 0 and fill the reservoir with clean,
strained oil. If there is not sufficient oil to fill the lubricator,
always use water to make up the required quantity. This will
enable the feeds to start promptly. The regular boiler valve
should be left wide open, and the steam-valve 13, at top of condenser, must also be kept wide open while the locomotive is in
service.
To start the lubricator, be sure that the regular boiler-valve
is open. Then open steam-valve B at top of condenser, and keep
wide open while the lubricator is in operation. Allow sufficient
time for condenser and sight-feed glasses to fill with water. Open
water-valve 1=1, and regulate the flow of oil to right and left
cylinders by valves E, E, and the flow of oil to air pump by
valve L.
To operate the auxiliary oilers, see that valve II is closed ;
then open valve X and fill body of oiler. Close X after filling and
open valve FL
To refill, always close valve E, E and L in advance of valve
D. Open drain plug G, then filler plug 0. Refill and proceed
as before.
The Nathan Bull's eye Lubricator. The oil reservoir of this
lubricator is of cylindrical form, which is the most suitable form
for high pressures. Fig. 44 represents a Nathan triple sight-feed
cylinder lubricator of the bull's-eye type, in which 1 is the condenser; 2, the filling plug; E, hand oiler; 6, delivery nut and tailpiece ; i water valve; 9, sight-feed glass and casing; 9a, feed
nozzle; 11, body of lubricator; 13, gauge glass and casing; 14,
waste cock ; 15, regulating valve; 16, top connection ; 20, sightfeed drain valve; 21, reserve glass and casing; 22, cleaning plug;
23, body plug; 24, oil-pipe plug; 25, gauge glass bracket; 29,
cleaning plug for gauge glass ; 30, gauge glass cap.
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As shown in Fig. 44, the lubricator is provided with hand
oilers for the cylinder feeds, and with gauge glasses, which indicate when the reservoir is nearly empty. The lubricator carries
a reserve glass, packed in its casing, ready for use whenever occasion requires. All glasses are packed in casings which screw into

I

-

Fig. 44.
NATHAN TRIPLE SIGHT-FEED CYLINDER LUBRICATOR.

,

the body, making their removal for inspection or repairs very
convenient.
Directions for Application. 1. Secure the lubricator to boiler
head or top of boiler in the usual manner.
2. Connect for steam to fountain or turret, if large enough,
otherwise direct to boiler. The steam pipe must not have less
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than i-in. inside diameter when iron pipe is used, and not less
than On. inside diameter when copper pipe is used. Steam-valves
and their shanks must have openings fully in accordance with
these dimensions.
3. Oil pipes must have a continuous fall towards the steam
chest, without any " pockets " in them.
Directions for Operation. Fill the cup with clean, strained
oil through filling plug 2, and immediately after filling open
water-valve 7. Open steam-valve and wait until sight-feed chambers are filled with water, then start and regulate the feed by
opening regulating-valves 15, more or less, according to the feed
desired. To stop either of the feeds, close the respective regulating-valve 15. To renew supply of oil, close all valves, 15 and
valve 7, draw off water at waste cock 14, then fill the cup as
before, and open water-valve 7 immediately after filling, whether
the feed is started again or not.
To oil by hand, close the steam-valve, fill the hand oilers 3,
open the hand-oiler valves, and when all the oil has entered the
tallow pipes, close hand-oiler valves and open steam-valve wide.
When putting on the lubricator for the first time, or after
it has been off for repairs, " follow up " the packing nuts of the
glasses, when the lubricator gets hot, so as to take up any
" slack " caused by expansion. This will tend to keep the joints
tight.
Directions for the Use of Lubricators. Fill the cup with clean,
strained oil through the filling plug, and immediately after filling
open the water-valve. Open the steam-valve, and start. to regulate the feed by opening the regulating valves more or less, according to the quantity desired. To stop either of the feeds, close
the respective regulating-valve. To renew the supply of oil, close
the regulating and water-valves, draw off the water at the wastecock, then fill the cup as before; and open the water-valve immediately after filling, whether the feed is started again or not.
Gauge glass-valves must be always kept open, except when
one of the glasses breaks. In such case close valves belonging to
the broken glass, and use the auxiliary oiler on that glass on down
grades as a common cab oiler. In a multiple-feed lubricator the
breaking of one glass does not interfere with the proper function
of the others.
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Always open the steam-valve before the engine begins to do
any work whatever, whether the feed is started right. away or not,
and keep it open as long as the engine is doing service of any
kind.
Keep the water-valve always open except during the period
of filling.
Once in two weeks, at least, blow out the cup with steam;
open the valves wide, with the exception of the filling plug, which
should remain closed.
Care of Lubricators. Since the lubrication of valves and cylinders is very important in maintaining the running condition of
the engine, the lubricator should always be kept in the best of
condition. Leaky valves should be attended to and ground to
make them tight, as a small leak may continue to grow until the
valve seat is cut so deeply that it cannot be repaired. Rubber
washers of the glass packing should be kept in good repair. Pure
rubber is not recommended for this purpose ; but a good quality
of rubber, interlaced with canvas, will be found to be the most
serviceable. The lubricator should be blown out occasionally by
steam, in order to open up the steam and air passages. Under
ordinary conditions about once in two weeks will be sufficient, but
should soda ash or other scale preventative be used, the lubricator
will have to be blown out more frequently.
The equalizing oil and water tubes should be inspected occasionally, to see that they are tight and sound; in fact, the whole
lubricating system should be inspected periodically for any small
defects.
Lubricating Engines with Superheated Steam.
Hydrostatic
lubricators will work successfully to lubricate the valves and cylinders of engines using superheated steam, but in some cases a
mechanically operated oiler may be used. When a hydrostatic
lubricator is used on a locomotive using superheated steam, there
should be one oil pipe from the lubricator leading direct to the
cylinders, at about the center of them, so that the oil fed from
the lubricator to the cylinders may be properly distributed. This
pipe should be added in addition to the oil pipe, and connected to
the valve chest.
In order that the lubricator should properly operate, it is of
utmost importance that the recommendations of manufacturers
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should be carried out to the letter, as to sizes of pipes as well as
the directions for manipulating the lubricator. If a manufacturer
specifies for steam supply a pipe of *-inch inside diameter, it
will not do to use this correct size of pipe in connection with a
valve the openings in which are only half that size. Such
thoughtless combinations are not infrequent, and for the unsatisfactory results in operation the lubricator is undeservedly blamed.
Cleaning Feed Stems. With high steam pressures there is a
tendency, even with good valve oil, to deposit a gummy substance
resembling vaseline around the feed stems and cones. This substance can be removed, and the glasses cleaned and filled by the
following method: After the oil is all fed from the lubricator,
leave the pressure turned on and close all feeds but one ; open
vent stem to this one, which will allow the condensation to circulate and thoroughly cleanse the feed stem, cone and glass. Close
vent stem. The glass immediately fills with condensation from
lubricator. Close feed stem. Repeat same operation with other
feeds. Close the water feed-valve, blow out body and fill with oil
in the usual manner.
Arrangement of Piping. It is of the greatest importance
that there be no traps in the oil pipes between the lubricator and
steam chest, otherwise the oil will trap. The time required to
fill a trap depends largely upon the diameter of pipe, and form or
length of a trap, as well as the rate of feed per minute. It must
be remembered that the oil pipes are filled with steam at boiler
pressure and temperature; that circulation or draw of steam
is equal to the diameter of the choke at the steam chest.
It must be evident that the practice of locating the oil pipes
on top of the boiler head of the Belpaire or whale type of boilers,
or running the oil pipes on a level the full length on the side of
the fixe-box before the oil pipes incline towards the steam chest,
will cause a trap when the locomotive is ascending grades; in
other words, the locomotive and the grade form a trap, unless the
oil pipes have a gradual descent from lubricator to steam chest.
Matting Off a Lubricator Before Pilling. When shutting off
a lubricator before filling, the feed-valves should be shut off first,
the water-valves next, and the steam-valves last. Bad results
will ensue from filling a lubricator full with cold oil if the
lubricator is not provided with an expansion chamber, because oil
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in volume while being heated from about. 70
expands about
degrees to the temperature of steam at 200 lbs. pressure, which
is 387.7 degrees F.
Care of Lubricator on Sidings. While waiting on sidings, the
better practice is to close the water-valve instead of the regulatingvalve. By so doing the hydrostatic pressure is cut off from the body
of the lubricator, and the pressure within the body of the lubricator
equalizes with that in the feed-glass chamber. Then, by opening the
water-valve, the feeds will start of at the same number of drops
per minute as originally, as the adjustment has not been interfered
with. It is not generally understood that if it becomes necessary
to do any switching, or if the engineer wishes, for any reason, to
feed less oil, he can slow down the number of drops per minute by
simply throttling the water-valve. This will give the same effect
as adjusting the feeds to a slower rate. The only objection that
can be made to closing the water-valve in these cases is that the
air pump does not receive oil while the water-valve is thus closed.
Lubricator-valves should be opened in the following order:
First, the steam valve. Next, the water-valve. Last, the regulating stems. Under no circumstances should the water-valve be
opened first.
Causes of Irregularity of the Feed. Irregularity of the feed
may be caused by throttling the steam to the lubricator down to
that point where it becomes wire-drawn, in which case the combined steam chest pressures would overcome the lubricator pressure, and the feed would slow down ; also, if sediment should
gathcr in the water passage to such an extent that the openings
would be closed up, this condition would be similar to throttling
the water-valve, and would reduce the number of drops per minute.
When the opening through the small choke in the automatic steam
chest plug becomes enlarged beyond 7-64 in., the rate of feed will
also vary. The same will happen when the opening through the
chokes at the lubricator end of the oil pipe in some type of lubricators becomes enlarged.
If the feeds should stop while running, the best plan to
follow is to shut feed valve, blow out glass thoroughly, permit it
to fill with water, and start feed. If this does not give the desired
result, at first opportunity disconnect tallow pipe from steam
chest valve and blow out the tallow pipe. Put the reverse lever
-
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on center and give engine steam. This will clean out the chestvalves and oil plug.
Cleaning Sight Feeds. If the sight feeds get stopped up, they
should be cleaned by either of the following methods: First, open
the feed-regulating valve wide to the feed in question, and open
the sight-feed drain stern. The result will he a lessened pressure
in the sight-feed chamber, which will force the clogging matter
out of the cone. If the obstruction is too great to be forced out
in this way, try closing the other regulating feed stems, and also the
water-valve. Open the drain-valve to the body of the lubricator.
This Avill allow the pressure to escape through the body of the
lubricator, and at the same time the steam pressure will blow
down through the feed cone, and will dislodge the obstruction and
force it into the body of the lubricator.
Cleaning Choke Plugs. To clean the choke plugs, take them out
and examine them. Run a small wire through the opening. They
should be renewed when the opening is larger than 7.64 in. in
diameter.
The main object of the equalizing tubes is to overcome the
back pressure from the steam chest. At the same time it furnishes
condensation to the sight-feed chambers. By the use of these tubes
the same pressure exists on top of the water in the sight-feed
chamber as on the surface of the water in the condenser, and this
steadies the feed.
Impurities in the Oil. Straining of the oil before it is placed
in the lubricator is a precaution, the importance of which is frequently overlooked. Floating particles of foreign substances in
the oil may easily find their way to the choked openings wherever
located; close the small openings, and eventually stop the operation
of the lubricator altogether. It is much easier to prevent than it
is to cure this trouble.
The rubber washers of the glass packing should be kept in
good repair. Pure rubber should not be used. A good quality
of rubber, interlaced with canvas, is found to be the most serviceable.
Blowing Out Lubricators. Steam and oil passages should not
be allowed to be obstructed by corrosion. This can be prevented
by blowing out the lubricator occasionally by steam, which should
be done at least once in two weeks. If soda ash, or other such scale
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preventative, is used, the lubricator will have to be blown out
more frequently, and if water works over into the lubricator when
the boiler is foaming, the sight-feed chambers ought to be blown out
at once, and allowed to fill up with condensed water which is pure
and clean.
The equalizing oil and water tubes should be looked after
occasionally, to see that they are sound and tight, as the breaking
or looseness of any of these will offset the proper operation of the
lubrication.
When Lubricator Should be Started. As it takes from twelve
to twenty minutes to get the first drop of oil from the lubricator to
the steam chest, the lubricator should always be started at least
twenty minutes before leaving the terminal or yard, because in
the interval during which the engine is left standing the cylinders
and chests are washed completely clean of all lubrication by the
condensation that accumulates in the steam chest, and the oil
escapes through the cylinder cocks. When the engine is ready
to start out on a trip, the valves and cylinders are entirely free
from lubrication, so that unless the engineer turns on the lubricator some time before starting his run, he will run a considerable
distance with a dry engine.
Lubricator Pointers. DON'T FORGET that a lubricator will
give better results if it is cared for intelligently.
DON'T FORGET that the water passage will close up with
sediment and cut off the water between condenser and oil reservoir
as completely as if the water-valves he closed.
DON'T FORGET that a lubricator should be blown out at
least once a week, and in bad water districts oftener.
DON'T FORGET that a piece of soap put in the reservoir
about once a week will keep it clean, also the glasses.
DON'T FORGET that valve oil and engine oil should never
be mixed and put in a lubricator. The temperature of the lubricator is too great for engine oil ; besides, the engine oil will carbonize. As soon as it passes up and out of sight-feed chamber it
comes in contact with the high steam temperature, and all lubricating properties have been destroyed.
DON'T FORGET that particles of carbonized engine oil
have no more lubricating properties than powdered charcoal would
have.
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DON'T FORGET that if your valve-oil supply is not sufficient to reach a terminal point at the regular rate of feed, feed the
lubricator slower, carry less water. Don't wet the valves; run
with a lighter throttle, a longer cut-off, and do not allow your
engine to drift into town or down hill, but work a very light
throttle.

DON'T FORGET that the chokes at the steam chest are
constantly cutting away by the action of the steam.
DON'T FORGET that the chokes balance a lubricator.
DON'T FORGET that the steam valve on a boiler, and
the one on top of the condenser, must be opened wide in order to
counteract. the two steam chest pressures.
DON'T FORGET that the quantity of oil per mile increases
as the speed of a train decreases, and it correspondingly decreases
as the speed of the train increases.
DON'T FORGET that as the engine is running very slowly
on the hill, the lubricator is increasing the quantity of oil per
mile in proportion to the speed.
DON'T FORGET that salt water is more buoyant than fresh
water, and for that reason it. will force the drop of oil off the
feed cone sooner. There would be more drops of oil in a minute
than when the water in the sight-feed chamber was fresh, but the
quantity of oil would not be any less.
DON'T FORGET that the water in the sight-feed chamber
becomes salty, and it is carried over from the boiler by the mechanical action of the steam.
DON'T FORGET that there is a constant evaporation taking
place in the condenser of any kind of locomotive lubricator. The
same is true in the outlet of the sight-feed chamber.
DON'T FORGET that there are two principles involved in
a locomotive lubricator. First: Hydrostatic. The hydrostatic
pressure ends on the point of the feed cone. From that point to
the surface of the water in the sight-feed chamber the oil travels
at the rate of 30 feet per minute. Second : The oil coming in
contact with the steam is carried to the steam chest by the laws
of gravity, heat and 'notion.
DON'T FORGET that the chokes at the steam chest give
better results. That the boile r pressure reaches down to the steam
chest, chokes and prevents back pressure from back ing up into
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the oil pipe, also the lubricator is feeding against. a constant boiler
pressure, and not against a fluctuating oil-pipe pressure, as when
the chokes were located at the lubricator.
DON'T FORGET that the oil should be strained. Lubricators are not guaranteed to feed sawdust, coal, waste or any such
substances.
Force Feed Lubricators. A great deal of discussion has taken
place among engineers, especially since the introduction of superheated engines, as to whether the hydrostatic lubricator will suc-
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ecssfully lubricate such engines, or whether the use of forced feed
lubricators, operated mechanically from some moving part of the
engine, becomes a necessity. Tests have shown, however, that
hydrostatic lubricators will successfully and effectively lubricate
the valves and cylinders of superheated engines, and that the use
of mechanically operated lubricating pumps becomes a matter of
preference rather than necessity.
The advantages of a positive oil feed have led to the development of the force feed lubricator driven by some part of the
engine gear. They are all small medianieal oil pumps, and the
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amount of feed can be easily regulated. They are made with
single or multiple feed, depending on the service. The force feed
lubricator consists of a closed oil chamber, to which are attached
one or more pumps, and they can feed oil of any viscosity, for they
are not subjected to any of the difficulties of the hydrostatic sightfeed lubricator.
Steam Gauge Lamp and Water Gauge Lamp.
To enable the
engineer to notice quickly the reading of the steam gauge and the
level of the water gauge, special types of lamps are used which
throw the light upon the gauges without lighting up any other
portions of the cab. A type of steam gauge lamp is shown in Fig.
44, and a type of water gauge lamp is shown in Fig. 45. A represents the oil reservoir; B, the burner; C, the shade; I), the lamp
base, and E, the globe. It is the engineer's duty to see that these
lamps are properly filled and trimmed, so that they will be ready
for use when it begins to grow dark.
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REVIEW QUESTIONS.
BOILER FITTINGS AND ATTACHMENTS.
1. Explain the use of the dry pipe, and the method of connecting it to the boiler.
2. Explain why the steam pipe must be connected with
flexible joints.
3. Explain two kinds of flexible joints in general use.
4. What is the throttle-valve, and where is it generally
located?
5. Explain the advantages of the poppet type of throttlevalve over the slide-valve.
O. Sketch a simple form of Throttle lever, naming its different parts.
7. State briefly what are the fundamental principles of the
operation of an injector.
8. Name the essential parts of an injector.
9. What is the difference between a lifting and a non-lifting
injector ?
10. Explain how the capacity of a Metropolitan injector is
regulated.
11. Explain how you use a Metropolitan injector as a heater.
12. Explain briefly the general arrangement of the different
parts of a Sellers injector.
13. Explain the general method of operating a Little Giant
locomotive injector.
14. How is the regulation from maximum to minimum accomplished when using the Hancock locomotive - inspirator ?
15. Where should the Hancock inspirator be located so as to
obtain the best results ?
16. How does the composite type of Hancock inspirator differ
from the usual type ?
17. When an injector is provided with a swing check-valve,
what care should this check-valve have ?
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18. What precautions are necessary in the care of overflow
pipes?
ID. If the suction pipe of an injector is made of iron pipe,
and the injector breaks, where would you look for the trouble ?
20. If the injector will not work satisfactorily with the regulating valve wide open, but will work when this valve is partially
closed, what does it indicate, and where would you look for the
trouble ?
21. Explain the method of starting a lifting injector.
22. Give at least six precautions which should be taken before
connecting up an injector.
23. Name half a dozen reasons why injectors fail to pump
water into a boiler.
24. How would you discover whether the cheek-valve is leaking?
25. If you had a leaky exhaust pipe or a leaky nozzle joint,
how would you discover it ?
26. If the throttle was closed, and steam came out of the
cylinder cocks, what would be the probable cause?
27. Name two kinds of steam gauges in general use.
28. Explain the general construction of the Bourdon gauge.
29. Explain why it is necessary never to let a gauge of this
kind become heated while in use.
30. Explain the construction of a Diaphragm gauge.
31. Of what use are fusible plugs in a locomotive boiler, and
of what material are they made?
32. Where are fusible plugs located in a locomotive boiler?
33. What care should be taken of fusible plugs, so that they
will operate when they are most needed ?
34. Name several requisites of a good safety-valve.
35. How many safety-valves are generally used upon locomotives?
36. Where are the safety-valves of a locomotive generally
placed ?
37. Explain the operation of a Crosby locomotive pop safetyvalve.
38. Explain the method of adjusting the Crosby valve, se
that it will blow off at the proper pressure.

-

:19. Describe briefly the general construction of the Richardson safety-valve, and explain how the spring can be adjusted
to blow off at the required pressure.
40. What is meant by a muffler safety-valve, and explain
how the sound of the escaping steam is muffled ?
41. Explain what duterntines the size of safety-val ► e for a
given boiler.
42. Of what use is a blow-off cock, and name several different
types in general use ?
43. Where is the blow--off cock located, and why is it used ?
44. Explain the general construction of a gauge cock, and
explain where they should be located in reference to the water
level.
45. Explain the general construction of a water gauge, and
explain how it should be located on a boiler so as to give the
Proper water level.
46. Of what use are hand-holes, and where are they generally placed
47. Explain the general construction of a single-feed sightfeed lubricator.
48. What kind of oil should be used in the cylinder of a
locomotive ?
49. Explain the general principle upon which all hydrostatic
lubricators operate.
50. What is the equalizing feature as applied to a sightfeed lubricator ?
51. What are the choke plugs of a lubricator, and why are
they used ?
52. If a lubricator is feeding faster when the throttle is
closed and the engine drifting than when the throttle is open,
what is the usual cause ?
53. Describe the difference between an ordinary sight-feed
lubricator and the bull's-eye lubricator.
54. Of what advantage is the hull's-eye lubricator over the
ordinary form of sight-feed lubricator?
55. Describe briefly the construction of the Detroit bull'seye lubricator.
56. Explain the methods of connecting a Nathan bull's-eye
lubricator to the boiler.
22
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57. Will hydrostatic lubricators operate successfully on engines using superheated steam
58. When connecting lip lubricators, what particular precaution should be taken as to the proper sizes of pipes?
59. Should a gummy substance be deposited around the feed
stems and cones, what method may be used for removing it ?
60. When shutting off a lubricator preparatory to filling,
explain the methods of shutting and opening the valves.
61. When the engine is waiting on sidings, is it better practice to close the water-valve or the regulating-valve?
62. After the lubricator has been filled, explain the order
of opening the different valves.
63. If the sight feeds get stopped up, explain a method for
cleaning them.
64. How would you clean the choke plugs of a lubricator?
65. What precaution should be taken to prevent impurities
from entering the oil ?
66. How long before starting an engine should the lubricator
be turned on ?
67. If the feeds of a lubricator should stop while running,
what would you do?
68. What are the advantages of a forced-feed lubricator over
an ordinary side-feed lubricator ?
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Construction and Design
of Boilers.
A complete discussion of the general subject of " Strength of
Materials " cannot be taken up here, but some of the more important branches entering into the construction of boilers will be
touched upon briefly. The breakdown or failure of certain
mechanical devices is attended with no greater disaster than their
own loss, or perhaps the throwing out of use for a time certain
other machines, of which the one in question is one link in the
chain; but when anything happens to the boiler it is not unlike
a failure of the heart to send the blood coursing through the body.
And it is not merely the loss of energy: far worse is the disaster
in most cases, ofttimes coming with little or no warning and causing dire calamity. The energy of steam and hot water is so largely
latent, and so ready is steam to expand, that when one small flaw
yields to the pressure, the tremendous following-up power of the
expanding steam sends the ruptured parts of an exploded boiler
long distances, causing great damage to life and property, not
merely in the immediate vicinity of the boiler, but at considerable
distances as well.
A careful study should, therefore, be made of the properties
of materials and the methods of calculating stresses before undertaking the construction of a boiler. It should not be left there,
however, for a boiler properly designed will not remain safe
indefinitely without considerable attention, and in many cases
constant repairs; this is particularly true where feed water is of
poor quality, either through solid matter or chemical compounds,
which cause scale and deposits within the boiler, either on the
tubes or on the shell, or both. While the evaporative efficiency
is largely reduced, the still worse trouble is met, that particularly
in the case of the shell, or at a joint, the material may be overheated, the water within not carrying off the heat, and then
rupture coming unexpectedly. If the safety valve should fail to
LOCOMOTIVE SUSPENDED ON roo-TON TRAVELING CRANE
IN ERECTING SHOP
(Baldwin Locomotive Works)

r.)
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lift, the fireman would be expected to note the rise in pressure
by the steam gage and meet the difficulty in time; but a trouble
coming from such a source as scale and mud might cause a serious
explosion with no more than normal pressure.
Many States have laws covering the inspection and licensing
of steam boilers, but most users of plants carry boiler insurance
in some standard company, whose guarantee means that all details
are properly carried out. The reputable boiler makers work in
harmony with these companies, so that where even average good
care is given by the attendants we have but comparatively few
losses from boiler explosions.
Materials. Wrought iron, malleable iron, cast iron, mild
steel, copper, and compositions such as bronze and brass, enter into
boiler construction. Nickel steel has been suggested, but Its use
has been very small. Of these materials wrought iron and mild
steel are the most generally used for shells; the compositions and
copper for flues, tubes, furnaces, etc., while cast and malleable
iron furnish manhole and handhole rings, plates and yokes, brackets, steam outlets, etc. These various materials should be tested
for
1. Tensile strength, or resistance to direct pull along axis of piece.
9
Compressive strength, or resistance to direct thrust along axis of
.

piece.
3.
4.
5.

c.T.1
0
0c.)
0 a,
1:4 g
0

W

Uv

co 0

cw

E

0

a.

0.,
V

Transverse strength, or resistance to bending.
Shearing strength.
Torsional strength.

Not only are the figures representing ultimate or breaking
strengths of interest and value, but also the elastic limit and
reduction of area should be giVen.
By elastic limit is meant in general that point to which a
piece may be strained, and upon removal of the load have the
piece return to its original dimensions. It has been found that
up to a certain point Hooke's Law holds; that is, " The stress is
proportional to the strain." The stress is the amount of the force
acting, and the strain is the distortion of the piece.
The Modulus of Elasticity, so called, is the stress, usually
expressed in pounds per square inch, divided by the strain per unit
length expressed in inches or fractions. If a piece is strained
beyond its elastic limit it acquires a permanent set, hence the

E
[x1<
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importance of proportioning the several parts so that not merely
the working pressure, but also the test pressure, which in the case
of boilers is usually one and one-half times the working pressure,
may not cause any permanent change in the size of the parts. Unfortunately, the elastic limit is not a perfectly definite point, but
may vary in portions of the same material, depending upon the
previous treatment, that is, whether cooled from a red heat quickly
or slowly, hammered, rolled, etc. It may go from about 40 to 45
per cent of the tensile strength to nearly the full amount. However, it may be determined for a particular specimen with some
certainty, so that if the specimen has been cut from the particular
plate in question we have figures upon which we may depend with
some security. The question of homogeneity of the plate, of
course, must be considered.
Shapes of Specimens. In the case of rods or bars, the test
pieces should be about two feet long, and surely not less than 18

Fig. 1

2

inches. The data will be much more reliable if obtained from
full-sized pieces, although they can, in the case of large pieces, be
turned or planed down. Specimens from the plates should be
taken from every lot, and some specifications require every plate
to be tested. As the rolling tends to develop a grain in either iron
or steel plate, pieces should be tested both along the grain and at
right angles. Unless the material be very hard, the jaws of the
testing machine will grip the ends of the test piece easily, or the
specimen may be shouldered thus (Fig. 1) :
but the distance between the shoulders should be ten inches at least.
Necked specimens such as this (Fig. 2):
show a relatively greater strength per square inch of section than
straight specimens. Undoubtedly, the metal across the neck does
not flow as readily under stress, being supported somewhat by the
adjacent material. Advantage may be taken of this fact under
certain circumstances. If the metal is too hard to be gripped by
the testing machine, it is probably too hard to be used, for it will be
low in ductility and unsuitable for boiler making.
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Cast metal usually gives much higher breaking strengths
when tested without cutting the skin formed by casting. Samples
should be not less than one inch by one and one-half inches. In
certain cases it may be necessary to shape up a test specimen, but
allowance ought to be made. In general, the testing should duplicate, as far as possible, the actual working condition. If, therefore, the casting is used as it comes from the sand, let the test
piece be treated similarly, or, if the casting is to be planed before
using, test a planed sample.
Testing. The testing machine is provided with two heads,
one of which (P, Fig. 3) transmits the pull to the test piece, and
the other carries the pull to the train of levers where the pull is
weighed. The straining force is often applied through a train
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that the grip is least at the lower point A and greatest at the outer
point B. T is the test piece.
For compression, flat, parallel bearing surfaces are put in the
beads. Small specimens may be tested transversely in such a
machine, but the necessary auxiliary apparatus is bothersome to
handle, and it is more satisfactory to use a machine constructed for
that purpose. Such a machine is essentially (Fig. 4) a heavy
girder G, carrying two jack screws acting at J, J, on which rests

L

ZL
T

j

Fig. 4

the test piece T ; a yoke L connects with the weighing beam, which
is like a regular platform scale beam, through a train of levers.
If a distributed load is desired, the number of bearing points
may be increased, and by knife edges and short girders as close
an approximation obtained as may be desired. In Fig. 5 eight
knife edges are equally spaced on the beam G to be tested ; each
pair carries a short girder and this girder has a knife edge at its
center, and so on until a long girder II connects the upper pair
T1
of gears to bevel gears and lead screws S 5, actuated by a crank
and driven by hand or by power. An hydraulic cylinder may be
used, drawing the fluid, as, for example, oil, from a reservoir
under pressure supplied by a pump, or directly from the pump
itself. This latter form, using a multiple cylinder pump with a
device to regulate the amount of oil pumped, is quite successful.
The weighing is accomplished by means of a train of levers
and a graduated, arm, upon which the counterbalancing weight
may be moved as the load is changed. The ends of the test piece
are gripped by wedges having a very slight taper, so that the
greater the pull the greater the grip. This, of course, applies to
tension. These wedges W, W taper slightly on the other side, and
a less amount than where gripped by the head ; the surfaces which
grip the specimens are scored, and the whole adjustment is such

1
1

1

G

Fig. 5
of knife edges, and through the yoke Y transmits the pull to the
scale beam.
In testing under tension a good method is to put two collars
on the specimen, clamping them rigidly about eight inches apart.
The two surfaces of the collars facing each other should have two
or more raised points opposite each other, so as to allow the distance between one point and its fellow in the other collar to be
measured by means of an extension micrometer caliper. This
measuring should be accurate to one or two ten-thousandths of an
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inch. There is liable to be some little irregularity with the stretch
measurements when the load is first put on, owing to lack of alignment, or if the piece is not straight. The load should be applied
in uniform increments, and the measurements of the distances
between the pairs of points on the collars taken. The average
of the measurements for the several pairs of points should be taken
as the length under that load. With each increment of load should
come the corresponding increase in length, but when the stretch
is greater for a given increment of load than for the preceding
equal increment, this is the stretch limit. It will be seen that if
the increments of load are taken large, then there will be a corresponding uncertainty in fixing this limit. But, on the other
hand, the process is tedious at the best, and in making a large
number of measurements much time and energy are consumed.
An automatic device is sometimes used to register loads and
corresponding stretches, but it should be noted that such a device
ordinarily registers stretch limit and not elastic limit.
The Stretch Limit is sometimes defined as the point at which
the specimen will not hold its load, but will allow the scale beam
to fall when the straining motion is stopped.
Let A=-area of cross-section of test piece in square inches,
I=length measured in inches,
P=pull in pounds,
e=elongation of section 1 in inches.

Stress—p=i

Strain=a=/
Modulus of

Pi
Elasticity=;,-Ae=E

If we take f, the working strength of mild steel, as 9,000 pounds
per square inch (factor of safety=8), then we would have
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P=JA and

P

EA
9000
3
a- 30000000 10000

A bar 10 feet long could, therefore, be stretched
3

3

10000

x 10

of a foot safely, and it would return to its original dimen1 000
sion very nearly upon removing the load.
Ultimate Strength. After passing the elastic limit in testing,
it is of no practical advantage to take stretch measurements; it
is customary to apply the load continuously until rupture takes
place. The maximum load borne by a specimen is taken as its
ultimate strength. If the load is applied rapidly this figure is
likely to be higher than if the application be slower. It is to be
hoped that engineers agree on some standard method of procedure,
in order to assure universal comparisons to be made intelligently.
Ultimate Elongation. If the two pieces be laid together after
rupture, with ends touching, the increase in length (between the
marked points) divided by the original length gives the ratio of
ultimate elongation.
Contraction of Area. The contraction or reduction of area of
a specimen is to be carefully noted. The final area of the broken
section is very much less in material of high ductility than was
the original section. Oblique strains are sure to come in a boiler,
and it is of importance to have the parts adjust themselves to such
conditions as readily as possible. Too hard and unyielding material is likely to let go, or at least start a crack. A common
specification for boiler plate is to have a piece whose length is 18
or 20 times the thickness of the plate. bent upon itself and hammered down close, all done cold, without showing fracture; this
applies to plate inch or under. Above this thickness it should
be bent over a rod of diameter one and one-half times the thickness
of the plate.
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Shearing is that stress which tends to slide one section by the
other, as in a riveted joint. With uniform bearing, as of the plate

Let 0 P represent the stress with relation to C C l the center
line of the rivet. The length of 0 P represents the amount of the
,

force to scale. Draw P T at right-angles to C C l through P and
complete the parallelogram. Then 0 S represents the shearing
force and 0 T the direct pull. Neither should be allowed to exceed
Fig. 6
on the rivet, the rivet heads being drawn up close to the plate, the
resistance to shearing will be in the area of the cross-section of
the rivet.

-p

the safe load for the condition.
Eccentric Loads. In any structure, however carefully designed, we arc likely to have eccentric loads. In tension members,
as in the case just cited, the tendency is to pull the parts into
line and rectify the eccentricity. But this may cause an over-

straining of some part. For example, a hook, Fig. 8, may be overhung to get around some obstruction, and obviously will fail before
it can take the load by direct pull through the stock above the hook
proper.

Fig. 7
P=pull on one rivet,
d=diameter shank of rivet,
h=shearing strength of rivet,
or2

A suitable factor of

C

safety must, of course, be
used in figuring working
loads. In the above sketch
(Fig. 6) the pull coming
along the plate, one end overlapping the other, makes the
pull on the rivet more or less
oblique, and tends to bend
the joint somewhat, as in
Fig. 7, when the center lines
of the plates tend to come
into the same line; in such a
case, or where there is a definite oblique pull, the stress
on the rivet is partly tension
and partly shearing. The forces may
lelogram method as follows, Fig. 7a:

Fig. 8

Fig. 8a

The horizontal part H is not only strained by the direct pull
at L, but is also strained by a transverse load acting as a cantilever.
Eccentric loading may and often does occur in compression members, as, for instance, short struts and columns.
In Fig. 8a let P be an eccentric load, A be area of crosssection, 911, be eccentricity of P. Then there will be a stress of

Pl

per unit area due to the direct load,

and from its action like a

beam another stress of
Pxmx- ÷I
2
where I is the moment of inertia of the section and D 38 the
diameter. That is, the maximum compression will be
A+P X Ta X 2 I
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Eccentric loads are more likely to occur, and sometimes unexpectedly, in compression than in tension members, so that all
care should be taken in the design in 11:e first instance to have the
loads central, and in the inspection and up-keep in the second
instance to preserve alignments. The stresses coming from lack
or change of alignment may be excessive and the cause of disaster.
In other words, the part that is strong enough in its intended
position may ultimately fail through overloading due to a slight
derangement.
Repeated Stress. This subject may be discussed at great
length, but it will suffice to say here that a part which is to bear
a constant and unchanging stress is in a much better condition
than one in which the stress recurs and releases alternately. Such
a part should be more ample in size and subject to careful inspection. Distinction should be made between a dead load, a live load,
and a shock. A gradually applied load, such as the raising of
steam pressure from cold water in a boiler, is quite different from
the water hammer which is often encountered in a steam plant.
llany a line of pipe strong enough to withstand several times the
working pressure has been wrecked by the shock due to water
hammer.
Resilience. In general, this term means " bounding back."
Mechanically, it is defined in the case of a tension bar as the
mechanical work performed in elongating the bar the amount it
would stretch under the greatest allowable load, applied gradually
and without shock. Tn amount the resilience would be the product
of the greatest allowable load into one-half the corresponding
elongation. Again, it might be called the work necessary to
overcome the resistance up to the limit of elasticity.

BOILER MATERIALS.
Wrought Iron. Although formerly a large amount of wrought
iron was used for all parts of boilers, to-day mild steel is the
material for shells, heads, etc. Wrought iron is liable to a lack of
uniformity and homogeneity, which makes it rather undesirable
in such a form as a large plate; but it welds so readily that a joint
may be stronger than the original section. Tn fact, wrought iron
cut up into billets, piled, heated, and forged, improves in a marked
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degree. Stays, braces, and fastenings, where welding is necessary,
are best made of wrought iron.
Wrought iron in general will stand more abuse than steel in
working; it may be worked at any temperature, even at blue heat,
and will bend double cold without showing flaw. But wrought
iron of this character is more difficult to obtain than mild steel,
and is more expensive. In plates the tensile strength should be
about 44,000 to 45,000 pounds per square inch, the elastic limit
being about half this amount. In rods and bolts the strength may
be taken somewhat higher, about 48,000 to 50,000 pounds per
square inch. The shearing strength of rivets may be taken as
38,000 pounds per square inch. The weight of one cubic foot of
wrought iron is not far from 480 pounds.
Cast Iron. On account of the great facility with which this
form of iron may be melted and poured, special forms where
flanges, lugs, etc., are desired may be made quite easily. It is
much below wrought iron in tensile strength, but in compression
is stronger, going as high as 80,000 pounds per square inch. As
a hard skin forms on the outside of a casting, and this is greater
in proportion to the area of the section in small pieces than in
large ones, it may help to account for the fact that the strength
of large pieces may fall off to 30,000 pounds per square inch.
Where possible, this skin should not be removed.
According to the shape of the piece the tensile strength may
range from 12,000 to 20,000 pounds per square inch. Gun iron
made with the greatest care from the hest stock may go as high as
30,000 pounds per square inch in tension. Used for elbows and
joints in piping, cast iron is useful, for when changes are desired
such a joint may be cracked open by a few sharp blows. Tfandhole and manhole plates and rings are sometimes east, as well as
nozzles, but owing to the brittleness of cast iron are unreliable.
Changes in temperature are likely to cause stresses from unequal
expansion. Cast iron weighs from 430 to 450 pounds per cubic
foot,
Malleable Iron. Cast iron carries a considerable amount of
free carbon. By removing some of it the casting is toughened,
bringing it to a state somewhat like wrought iron. it will stand
hammering to some extent cold, but the gain is not enough to
allow any particular advantage in the matter of weight.
Steel. Mild steel made by the open hearth process, is largely
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used now for boiler making. It is tough, homogeneous, and ductile. In reality it is an ingot iron, the carbon running from is to
of one per cent, manganese less than per cent, with phosphorous and sulphur each less than, h. per cent; some silicon may be
found. Phosphorus makes the material cold short, and sulphur,
hot short, both of which are undesirable qualities. Steel boiler
plate, which is found to harden appreciably after heating and
cooling, is to be viewed with suspicion in proportion to the amount
of the hardening; such plates should not be used. As the ingot
is east, the upper or crop end is likely to be more or less imperfect
and to contain bubbles of gas. When rolled out, laminations are
likely to occur, so that this crop end of the ingot should be cut off
before rolling is commenced, and cut long enough to take in all
the bubbles and imperfections.
Mild steel boiler plate may be counted on as having a tensile
strength of 55,000 to 65,000 pounds per square inch, with an
elastic limit of 30,000 to 33,000 pounds per square inch; reduction of area of broken section not less than 50 per cent, and for an
8-inch specimen an elongation of not less than 25 per cent;
shearing strength 45,000 pounds per square inch. The weight
of mild steel is about 480 pounds per cubic foot. As the upper end
of the ingot is likely to be the poorest the test strips should be cut
accordingly, although ingots may be cast from below, thereby tending to cause the bubbles to he distributed. A strip from inch
to 1 inch wide should be bent double both hot and cold without
developing flaws or cracks, for thin plates; and thick plates should
withstand bending to a small radius.
Steel does not lend itself readily to welding for one reason,
because with varying amounts of carbon in the two pieces the
welding temperatures of the two, vary ; and then, too, it is difficult
to make a weld with a certainty of preserving the strength. Plate
that is to be used for flanging must be of the best, and is frequently
referred to as fire-box plate. It is not essentially different from
shell plate, other than that it is given every care in the making.
A fire-box, in addition to requiring special flanging, is subjected
to inequalities in expansion, due to air drafts and changes of shape
in the shell; a locomotive boiler is also subject to racking.
Mild steel has the uncomfortable peculiarity of becoming
brittle at a blue heat temperature. Great care should be exercised
in flanging, etc., not to work steel at this temperature. At a bright
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red heat, bending, flanging, and forging may be carried on, but
after cooling below redness no further work should be done until
the material is cold. Mild steel will stand bending hot and cold.
Rivets, whether of steel or wrought iron, should admit of
having the tail hammered down hot to form a disc 21 times the
diameter of the shank; and the shank should admit of being hammered flat cold, and having a hole equal to the diameter of the
shank punched, without cracking.
Copper. This metal is softer than wrought iron or steel, and
has a lower tensile strength, about 34,000 pounds per square inch,
but is very ductile and is a good conductor of beat. It has been
extensively used in Europe for fire-boxes and steam and water
piping, for it may be flanged and bent very readily, and it resists
corrosion well. If hammered cold it loses ductility, which may,
however, be restored by annealing. The brazed joints in pipes
have caused trouble from explosions, for the brazing is more or
less unreliable and there may be a great reduction in strength.
Wrought iron piping is now favored for high-pressure work.
With the strength above quoted, copper should show an elongation
of not less than 20 per cent. One cubic foot of copper weighs 558
pounds.
Composition. Copper and zinc in parts 70 to 30 respectively
-Form brass. The higher the brass in copper the redder it will be
and also the more valuable; increasing the zinc makes it more
yellow. Lead is used as an adulterant.
Bronze is an alloy of copper and tin, in proportions ranging
from 8 of tin and 92 of copper for soft bronze to 20 of tin and 80
of copper for bell metal. There are special bronzes, as, for example, phosphor bronze, aluminum bronze, and others.
Locomotive smoke tubes are sometimes made of brass; and
this material is often used in gages, cocks, valves, etc. Safety
valve seats may be made of bronze with advantage.
Effect of Temperature. The effect of raising the temperature
is to weaken the strength of metals, but no appreciable change
occurs until after passing 400° Fahrenheit, and the temperature
of steam at 150 pounds gage pressure is about 365° F. (For gage
pressure of 200 pounds. the temperature of saturated steam is
387+°). Wrought and east iron and mild steel do not become
dangerous until a temperature of 750° or more is reached, so that
the ordinary pressures do not give rise to any danger, but it should
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be borne in mind that after all 750 0 is not a very high temperature
to attain should there be any foreign substance deposited within
the boiler; in such a case the heat is not doing its proper work,
that is, evaporating the water as it should, and the metal becomes
overheated. The temperature of the fire is, of course, much higher
than the above-mentioned temperature.
DETAILS OF CONSTRUCTION.
Stay Bolts.
Suppose the stay bolts supporting the inner
sheet, which forms the sides of the fire-box, are spaced 5 inches
apart. With steam pressure of 150 pounds per square inch we
have
(5) 2 X150=3,750 pounds per bolt.
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sheet additional support. This is accomplished by threading the
ends of a portion of the tubes, distributing them so as to take care
of the tube sheet, and putting nuts on the outside, or possibly both
sides of the tube sheet. Where the tubes are screwed into the
tube sheets as well, one end must be larger than the other to allow
the tube to be passed in and entered into its tube sheet just before
the other end catches. See Fig. 9.
If the stay tubes are to take the whole of the pressure on their
portions of the tube sheets, then let
p=steam pressure by gage,
S=surface supported by one tube.

As these stay bolts are threaded we must take the cross-section at
the bottom of the thread. If the diameter in this case is Ar inch,
then the area is about square inch. The stress is, therefore,
3,750=7,500 pounds per square inch.
This is a perfectly allowable load ; in fact, it is a low load, but we
must consider that there is corrosion to allow for, and the fire-box
is likely to have uncertain stresses due to unequal expansion, so
that we have not as much of a margin as it at first seems. In the
ease of stay rods the ends are often upset or made larger in diameter to allow for the depth of the thread. This is frequently called
a plus thread. A stay bolt would not save enough in material to
pay for this upsetting, and is generally uniform in diameter, being
threaded the whole length. After being turned into place the
ends are headed over. Sometimes stay bolts crack inside, in which
case the load is thrown on the neighboring bolts, and there is at
first little indication of such failure externally. For this reason
they are sometimes made hollow, so that if they fail, the leakage
of steam and water gives notice of the fact.
In certain cases nuts are used on the ends of stays, instead
of riveting the ends. Through stays take care of the flat surfaces
above the tubes in a m -ultitubular or similar boiler, and the tubes
expanded into the tube sheets support them below. Sometimes
it is considered necessary to give this lower portion of the tube

Fig. 9
In this ease S will be equal to the rectangle assigned to one tube,
tess the area occupied by the tubes in that section; then will
p S=the load on one stay tube,
let f t =tensile strength of the tubes in pounds per square inch,
d, =the outside diameter at the bottom of the thread,
do=the inside diameter of the tube,
then ir=the usual symbol expressing ratio of circumference to
diameter, 3.1416,

ft— PS
021—d22i
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and f, should not be allowed to go above the safe working load
of the material.
In most eases of stationary boilers at least, the grip of a tube
on the tube sheet, due to its expansion, is sufficient to take care
of this stress.
Girder Stays.
On Plate I will be found a form of girder
stay for the top of a fire-box or combustion chamber. With bearings on the ends, we have the case of a beam supported at the ends,
the load's being concentrated at definite points. A sample case will
show the method of calculation.
With symmetrical loading and P=P 1 =P 2 , Fig. 10, the

maximum tending moment will be at the center; then
f
kt=—I
y

lc—

/2

1
12

For rectangular cross-section of the girder .1=- 6h3
where b=breadth of section,
h =depth of section.
Portions of girders staying the flat heads act as continuous
girders. Such cases indicate the extent to which a study of the
beam theory could be carried, and a discussion of boilers is scarcely
the place for it.
Staying Flat Surfaces. The flat surface in the head of a
rnultitubular boiler, or the crown sheet or sides of the fire-box in
a locomotive type boiler (see Plate I), presents the problem of
a surface under pressure and supported in different points, which
divide the surface into rectangular panels. There is a complete
solution for this case only where the panels are squares; but if we
calculate the stresses upon the assumption of squares and then
make one dimension of the rectangle less, we shall be within the
fibre stress as figured for the square.
In Machine Design linwin gives the following formula:

1

51-

2 a'

—
9 I2P

Fig. 10

where p=steam pressure,

M=maximum bending moment,
f=modulus of rupture,
I=moment of inertia of cross-section,
y=distance of most strained pipe from neutral axis (i the
depth of the girder if rectangular).

t=thickness of plate,
a=pitch of stays,
f=working stress, tension in some places and compression

in others,
all linear measurements being in inches and pressures in pounds.
Where there is a direct tension or compression proper allowance
must be made for it.
If in a locomotive fire-box (see Plate I) we have the plate
at thinnest point ifr inch thick and steam pressure 150 pounds per

Load on supports will be

Pc+Pi+P -F-PI±P2= 5 P.
P
Load on each support - - Taking moments about P (distant
5P /
2

from S) we have - - x

P14

—

PA. )4

1

square inch, then the rivets being 4 inches apart we have
2 4x4
f- 9A-xi§ir 150= 5461
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ever, that with the crown sheet lapped over and the end sheet
flanged they are in a good position to take care of this load.
Diagonal Stays. Many boilers, in place of the through stays,
have rods running diagonally from the heads to the shell. If
o c, Fig. 11, represents the load that would be supported by a
direct or through stay, then will o d be the pull along the diagonal
stay. Or
o d=a cosine c o d.

Suppose that the crown bars carry part of the load through
bearings at the ends, to the end sheets, then the area of the crown
sheet being
28X361=1,029 square inches,
the total pressure would be
150 X 1,029=154,350 pounds.

If a stay takes hold of the tube sheet two and a half feet below
One-half would be carried by each end of the crown bars, so that
without assuming any of the load to be carried by the sling bars,
remembering that the cross-section of the plate is 28"X A.", we
have
154,350
1
x —8,820 pounds per square inch
28x igir
2

IreArAVArir .fi
•■■

AO' Or

•••■

and this should be added to the stress before figured; we have
5,461+8,820=14,281 pounds per square inch

total compression on this portion of the plate. This illustration
serves to show that while the formula
2 a2
f= - e p
9

the point of intersection of the tube sheet surface and top of the
shell, and is riveted to the shell five feet back of this point, then
we shall have
5

is perfectly simple, yet using it without knowing how it is obtained, and that it does not of necessity take care of all the stresses,
may lead to gross errors. Each case should be very carefully
analyzed to be sure that all the stresses acting are considered. In
this case in hand it was assumed that the crown bars carried their
part of the load to the sheet in a distributed form, whereas, if
there were bearing blocks under the ends, they carried the load to
the plate, or the ends of the crown bars were fitted around the lap
joint, so that the compression concentrated both in the ends of the
bars and on the plate should be considered. It may be said, how-

cos

oad.-1 (

D .1.52

and the pull along o d will be the pull along o c multiplied by
2

G) +52
5

or twelve per cent more than the direct pull.

■
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In any form of stay it is a matter of importance that the
adjustments be so made that each stay carries its portion of the
load, otherwise too much load is thrown on one or more of the
stays.
Shell. The shell of a boiler is considered as a thin hollow
cylinder, for the thickness of the shell is small compared with the
diameter of the boiler.
If in Fig. 12 we have a cylinder containing fluid under pressure, then this pressure will act in the directions shown by arrows
P, normal to the surface of the cylinder. If, now, we imagine
a flat plate inserted along a diameter, as at a b, then will the pressure on one side of this plate be
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which is not unfair for mild steel of good quality. It means that
there would be a factor of safety of about 6.
To find the thickness of the shell with the following data:
Pressure, 120 pounds per square inch;
Ultimate strength of steel, 55,000 pounds per square inch;
Diameter of shell, 7 feet;
Factor of safety, 6;

t=

p

7
x 12
2
— 0.55 inches.
55000

120 x

6
pa d
p=pressure per square inch,
l=length of the cylinder,
d=diameter of the cylinder,
r= radius of the cylinder,
and, of course, the tendency of that half of the cylinder to leave
the flat plate will be resisted by the sections of shell adjacent. If
I be the thickness of the shell, then will this pressure p t d be
resisted by 2 1 t.
If f-----the working strength of the metal in pounds per square
inch, we shall have

Pressure on Cylinder Ends. The tension set up in a circumferential ring of the cylinder may be found as follows: Using
the same letters as before, the total pressure on the end, assuming it to be closed by a flat plate, will be p times the area of a
circle of diameter d, or

d2
P —
4

p x 0.7854 d2

This pressure must be resisted by a ring of metal whose length is
the circumference of the shell and thickness t; the stress per unit
section being V, then 2. d V t--resistance of the ring; then

irdVt--=P 71 d2
2/t

2t

t

To 'find the stress in a finch plate, the diameter of the shell
being 66 inches, with the pressure at 150 pounds per square inch,
we would have

4

vpr
V =—
4t
2t
Now, the stress in the longitudinal direction is

150 x 66
=

1

2

-

9,900 pounds per square inch,
therefore, the shell being made of homogeneous material and
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uniform will be subject to but one-half the stress from end tension
as from ring tension. It makes no difference to the shell how the
ends are closed, whether by flat plates or those of any other form.
A thin hollow sphere would be figured the same as a thin
hollow cylinder for internal pressure. In some cases a boiler is
fitted with bumped heads, where the edges are flanged to make a
joint with the shell.
Welded Joint. While a welded joint appears neat and workmanlike, it is uncertain as to strength. It will answer very well,
for example, in tubes, but for a shell joint would be open to criticism. The remarks concerning the welding properties of wrought
iron and steel should be borne in mind in this connection.
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drills there is no reason why any but holes drilled in place should
be used. Soft ductile plates are injured less than hard ones in
punching, and, in general, steel plates stand punching better than
wrought iron. Another difficulty with punching is that as the
punch forces its way through the metal the diameter of the piece

15

Rivet Holes. The form of joint most used is that made by

punched out is larger on the further side of the plate than where
the punch face bears, as in Fig. 14.
Fig. 15 shows several forms of driven rivets. The tails of
the rivets are on top.
Pan tailed, head formed with die or sna p
b. Flat tailed, head hammer-driven.
c. Pan tailed. head machine-driven.
d. Counter-sink tailed ; any head may be used and the tail may project
a.

slightly above the plate as dotted.

Fig. 14
cutting holes near the edges of the plate and riveting the plates
together. These holes may be punched or drilled. Several forms
of punch are used, one having a straight square face, another
with a center point, and a third having a helical cutting surface.
In any case the punching has a tendency to break and tear the
portion of plate around the holes and does not give nearly as good
a job as drilling. Then, too, punching must be done with the plate
flat, so that any error in laying out the holes spoils their alignment
when the plate is rolled. A drift pin that is somewhat smaller
than the hole, being tapered at both ends, is driven through, but
this is a poor makeshift at the best. The result is that the rivet
when driven is very much like Fig. 13. Sometimes the holes are
punched small and then drilled to size ; with the modern gang

MMINNIS. \
IIMPF
rd

Fig. 16

Fig. 17

Sometimes the rivets have conical necks, and with the conicalshaped holes made by punching, the plates should be so placed
that the smaller diameters of the holes come together. Good

proportions for rivets are as follows (Fig. 16), D being the diameter of the shank:
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N=1.4 to 1.5 xll
M=1.2 to 1.3 XD
11=0.67 to 0.7 XD
d=.0.75 to 0.93XD
Fig. 17 is a sample of an eccentric head.
Aside from questions of strength there must be considered
aiso the making of the joints steam-tight. If any scale is left
under the head, the plates may not be diawn together tight, preventing a good job of calking; if the rivets are not driven to fill
the holes there will be leakage; when the heads or tails are too
small they are liable to turn up at the edges and allow leakage.
Single and Double Shear. Rivets holding together portions of
plate with pull in opposite directions, as P and Pin Fig 15, are
said to be in single shear. Where a rivet connects three layers of
plate, the two outer ones under tension in one direction, the middle
plate being pulled in the opposite direction (see Fig. 18), the
rivet is under double shear. As this situation tends to shear the
shank of the rivet in two places, the resistance is twice as great as
for a rivet in single shear.
Let D=diameter of rivet in inches,
fi=shearing strength of the material in pounds per
square inch,
S=total resistance.
Then for single shear we shall have
S=1 w D2 f•=0.7854 D2 f,
and for double shear
S=2X1

7r

D2 f1=-1.5708

f

Gripping Power of Rivets. The friction between the plates
due to the grip of the rivets is a considerable amount, given by
some authorities as much as -; of the tensile strength of the rivet.
But this holding power should not be relied upon, because slipping
occurs very soon after applying the load.
Riveted Joints. Several forms of riveted joints will be shown

1
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and discussed. In none of them will the strength be found to be
up to that of the solid plate, but for high-pressure work a high
efficiency can be obtained. Here, as in so many other places, the
efficiency of the design is one thing and the efficiency of the execution quite another, unfortunately. When a rivet is once driven
little or no evidence remains to indicate if the holes came fair ; if
the plate was damaged in cutting the hole; if the rivet filled the
hole; if any dirt or scale was occluded ; if the rivet shank was
overheated, etc. If there be any defect it will surely not grow
better, and some day it may contribute to disaster. Nothing short
of absolute honesty in its broadest sense should be tolerated in
such construction.
There is some reason in using iron rivets with iron plate,
and steel rivets with steel plate, etc., for galvanic action takes
place between dissimilar metals and little or none between like

AIR

A

WM' T
Fig. 18
metals. The amount of damage coming from iron rivets in steel
plate is, however, small and almost negligible. Between copper
and iron there would be much more action.
Crushing may take place between the rivet and the portion
of the plate bearing on it. It is customary to figure the area that
resists crushing as a rectangle, whose height is the thickness of
the plate and breadth the diameter of the rivet. In Fig. 19 A
represents the rivet with head cut off. The pull in the plate will
be resisted along the palallel lines c, d, e. The line d at the center
is the only one normal to the edge of the hole, while all others, as
c and e, have oblique bearing surfaces. As a matter of fact, experiments on crushing show an apparent strength of 90,000 to
100,000 pounds per square inch bearing surface, when so calculated, which is. of course, high a. compared with other strength
figures.
Lap is the width of the strip of plate measured from the
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center of the rivet hole to the edge of the plate. The distance
from the edge of the rivet hole to the edge of the plate should be
rather greater than the rivet diameter.

:;65

For shearing area one rivet= x 7)
( 2
0.7854X Xi X 45,000=2'7,045

FORMS OF RIVETED JOINTS.

The resistance to tearing between the rivet holes will be

Peabody and Miller in Steam Boilers include the following
cases among others:
Lap joint Single-riveted. Fig. 19 represents such a joint.

(p--d)Xt
55,000 (21-4) -1=37,813.
The strength of a piece of plate 21 inches wide will

be

55,000 X21X1=61,875.
Taking the shearing strength. this being the
the apparent efficiency of this joint will be

lowest of the three,

27,045
x 100=43.7 per cent.
61,875
This is a low value, and in a practical case it would be better to
increase the size of the rivet relatively to the thickness of the plate.
If a -inch plate must be used on account of the pressure to be
carried, then, of course, a larger rivet should be used. A one-inch
rivet would give under these conditions

Fig. 19

Let the thickness of the plate be t, the diameter of the rivet d, and
the pitch p (this is the distance of one rivet from another measured from center lines). For strengths take
(all linear measurements being in inches.)
fe (crushing) 95,000
A (shearing) 45,000
A (tensile)
55,000
With 1=1", p=2 r, d.i", we shall have
f, t d=95,000XiXi=41,560

for crushing

100x in-d2x/11-57-Eper cent and 100 x

pxtxft

(p—d)1

,.x L56 per cent.

pX tXA

Some advantage might be claimed in the case of tearing, in
that short-necked specimens show higher strength per square inch
of section than solid plate, but it is not necessary in this case to
claim it. It is not difficult to proportion a joint properly without
this.
Lap Joint Double-riveted. If the rivets are in line as at A,
Fig. 20, it is called chain riveting; if as at B zigzag or staggered.
This joint may fail if the upper row of rivets is too close to the
lower row by tearing zigzag between the rivet boles; but the more

usual failures will be in one of the three following ways:

:36ti
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1. Crushing in front of rivets, using 1" rivets and 2i pitch ;fi,X2dXg
-95,000X 2 X1 X 4=95,000.
2. Tearing between two rivets; f, (p—d) t=55,000 (24-1) 1=
41,250.
rd
3. Shearing two rivets; 2X
— X45,000.2 X0.7854X45,000
4
=70,686.
"

The lowest value is for tearing, the apparent efficiency being
100 x

41
' 250

68,750

=60 per

cent.

31;7

1. Tearing plate between rivets in outer row ;

f, (P—d)t=55,000(4-41)4=65,700.

plate between rivets at inner row, shearing outer rivets;
(4-2 X -H.) 4+45,000 x 0.7854 X (n) 2=72,260.
20+.4lird255,000
.4(13
2. Tearing

-

3. Shearing three rivets A x 3 x 17r d2
45,0X3.78(-H)
2 =70,000.
;
f,X
3
XdXt
Crushing
in
front
of
three
rivets
4.
1=86,830.
95,000 X 3
5. Plate tearing between rivets at inner row, and crushing
;

xilx

in front of

one rivet in outer row ; f (P 2d)t Ff.dt
-

-

55,000 (4-2X44)1+95,000XfiX1=77,9715.

Here it is seen that the increase in efficiency between these

0 0 0
0 0 0

0 0 0
0 0 0

0 0 0

00 0 0

00d)6 0
l!" 1

000 000
0 0 (Dig 0 0 0

B

A

Fig. 20
two types of joint comes from increasing the pitch and decreasing
the size of the rivet. Three rows of rivets might be used, but the
pitch is limited by the fact that as the distance between rivets
increases for a given thickness of plate a limit is reached, beyond
which a good job of calking cannot be secured.
Lap Joint, One Cover Plate. Here P, the pitch of the outer
row of rivets=2 p, the pitch of the inner row, Fig. 21.
Assume dimensions as follows: Thickness of plate t=1
inch; cover plate the same; diameter of rivet d=44 inch.
P=4 inches,
p=2 inches,
f 0 =-95,000,
fa 45,000,
f. =55,000.

Fig. 21

Fig. 22

The lowest value above obtained is the first, hence an apparent
efficiency will be
100 xi` (P— 11) or 100 x P —r/ .79.7 per cent.
ft x P x t I
for f ,xPxt is the strength of a piece of plate before cutting
any rivet holes.
Double-riveted Lap Joint and Cover Plate. * A double-riveted
lap joint with cover plate may yield as follows, Fig. 22:
1 Tearing at the rivets along inner row and crushing in front of one
rivet, using letters as before f, (P 4{I) t4.f0dt.
;

-

2. Crushing before four rivets f,4dt.
;

* Remember, lap joints arc not used in good practice. These examples
are for instruction merely.
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3. Plate tearing along inner row of rivets and shearing outer row of
1(1) e Ff.larcP.
4. Shearing four rivets ; A4X
5. Plate tearing between rivets at outer row ;A (P—d) t.

rivets; f, (P

-

-

As this last ease is apt to be the weakest, an estimate of its value
may be had quickly in finding the efficiency as follows:
P—d

x 100=efaciency.

0
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Butt Joint, Two Cover Plates, Triple-riveted. This joint may
be figured in the five following ways, using the same letters as
before:

1. Shearing one rivet, single-shear, and four rivets double-shear ;
f, [(2X4)-1-11 Ord'.
2. Tearing plate at middle row of rivets and shearing one rivet ;
2,
A (P-2 d) t+fixird
Shearing
one
rivet
and crushing in front of four ;AX kird 7 +Ax
3.
4d.t.

0
)

0 00

o 66

0 0

0 0 0
0 0

) 0 0 0
0 0 0

0 0 0 0 0
0-0
Fig.

Fig. 23
Butt Joint Double-riveted. Fig. 23 represents such a joint.
It may fail as follows:

1. Shearing two rivets in double shear and one in single shear;
.4X 5 )(imr.
Tearing
the
plate
between
rivet• holes on inner r-lw and shearing
2.
one outside rivet ; f, (P-2d) t-l-f„Prd 7.
3. Crushing in front of three rivets ;AXgen.
4. Crushing in front of two rivets and shearing one rive:
5. Plate tearing between rivet holes on outer row ; f

24

4. Crushing before five rivets ;AX5Xdt if the cover plates are of the
same thickness as shell. If the inner cover plate is thinner then we shall
have AX4Xdf
XdX thickness inner cover.
5. Tearing plate between rivet holes in outer row ; f,X(P—d) t.
There are, of course, many variations from the foregoing, but
these examples illustrate the principles involved, and other cases
may be solved thereby.
In designing a quadruple-riveted joint with butt straps, the
same general reasoning will apply as in the preceding cases. The
row B is usually spaced midway between row A and the edge of
the outside cover plate. Care should he taken that rows A and B
are sufficiently far apart so that the plate may not tear zigzag.
The following table gives proportions which have been used
with good results (refer to Fig. 24a):
24
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Pi

P

1

.22 r■
:^gI 4
*P'

r-lar

o'D

ecte,
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kt?so

15
15.
15-14
15 +
15 1
15+

p

0

Nlp

91
10-A
10-10-r
11
11-1-1
111
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I
19+
20++
2011
22 1
241-+
241

g
94
94
94
93
92.4
91

This table was computed using the tensile strength of steel
as 55,000 pounds per square inch and the shearing strength as

42,000 pounds—a lower value than has been used heretofore.

General. It may be said in a general way that calking, or
rather the question of keeping a joint tight by calking, limits the
pitch for a given thickness of plate. It is customary to calculate
the thickness of the shell plate directly from the pressure. Thus
the line or lines of rivets along calking edges are fixed approximately very readily. From the preceding examples it is seen that
frequently the efficiency of a joint depends upon the ratio of the
strength of the plate remaining after cutting the outer row of
rivet holes, to the solid plate. Where a.high efficiency is wanted,
therefore, the pitch for this row of rivets must be kept large, and
the strength in other particulars made up by the inner rows. In
a single-riveted lap joint the resistance to shearing may be equated
to the resistance to crushing to find the diameter of the rivet.

fcdt=-1„ x iird2
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In ease of steel plates

inch thick we would have

4 x 95,000 x
2 —1.34 inches.
d= 45,000
x 3.1416

Equating the tearing and shearing resistances we have

_pi
Fig. 24a

T=thickness of shell plate,
t=thickness of cover plate,
d=diameter of rivet hole,
Pi =pitch of outside rows of rivets,
P =pitch of third row of rivets from joint,
p =pitch of inner rows of rivets,
7=-laps of cover plates,
O=width of outside cover plate,
I=width of inside cover plate,
e=efficiency of joint.
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ft (p- 1) 1.41.71.(12

x 1.342
= 45 '000 3.1416
+1.34=3.64 inches.
4x

55,000

As before deduced, the efficiency is

p—d 3.64-1.34
3.64

.0.63,

or 63 per cent
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In a double-riveted lap joint the result of equating the shearing
and crushing for two rivets gives
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resistance to tearing the plate at the inner row of rivets, plus the
resistance to shearing of one rivet at the outer row.
Let P=pitch at outer row,

icx 20..4x 2T.1 2

p=pitch at inner row=—
d=diameter of rivet,
t=thickness of plate,
f =resistance to shearing one square inch,
f e -=resistance to crushing one square inch,

-ft
or d..1-1.4

the same result obtained in the case of the single-riveted lap joint.
Often a rivet diameter is chosen and the pitch determined
by equating the shearing resistance of two rivets to the tearing
resistance between the rivets.
The figures representing the ultimate strengths of the materials used are, of course, averages; and the yield points or elastic
limits are subject to an uncertainty, so that often, where, in using
the foregoing formula, the results are apparently disproportionate
we are justified in making certain changes, having in mind the
problem as a whole. For instance, the steam pressure tends to
lift the plate between rivets, causing leakage; if the plates lap
the one on the other perfectly, there is no opportunity for the
steam to get into the joint, but we know that in all cases
the outer edge must be calked. So that here several factors may
enter when we are determining the pitch ; for instance, the workmanship; the rare exercised in making the joint and freeing it
from scale before making up; the lateral stiffness of the plates,
whether for a stationary or ether boiler, remembering that the
former are not subject to racking and straining, which tend to start
joints in the latter; and thus other considerations could be named.
We know that a necked specimen, similar to the condition
of the plate between the rivet holes, is stronger per unit of area
than the solid plate. While we would rather not use a higher
value of f t in the first instance, still it may not be out of reason to
take this into account in some cases when we are adjusting our
proportions.
In the ease of a lap joint. single riveted with one cover plate,
we may find the minimum diameter of rivets by equating the
resistance to tearing the plate at the outer row of rivets to the

.

(P—d) 1=2f, (p-----(7)
(P

—

d)

(P-2d) t.feivd2

felt=faird2
4ftt
Air
It will be proper to choose rivets rather larger in diameter than
this would give; for example, let 1., 4 inch, then
d-

4 x 55,000 x
45,000 x 3.1416

0.78 inch.

Now, we might take a 44 inch or even a i-inch rivet and find
the corresponding pitch by equating the resistance to tearing at
the outer row of rivets to
1.

The resistance to shearing of three rivets.

2. The resistance to crushing in front of three rivets.
3. The resistance to tearing the plate between the rivets at the inner
row and crushing in front of one rivet.
Whichever of these three calculations gives the smallest pitch
indicates the fignre to be used. The joint should, of course, be
examined as to its other details, and if in changing one dimension
a weakness is developed elsewhere, the proper remedy must be
applied. If the diameter of rivets is increased to give a higher
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shearing resistance, then care must be taken not to allow the resistance to tearing of the plate between rivet holes to be impaired too
greatly.
Suggestions. Balking must not be done with a sharp-nosed
tool ; sometimes a fullering tool will give better results, merely
bending the plate slightly, so that the edge bears hard on the plate
below, as Fig. 25.
Fig. 26 is an exaggerated example of what may come from
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the rod is increased. In fact, at extremes, the rod will not remain
upright from its own weight. The tension stress tends to
straighten any slight kinks, while compression increases them,
and the eccentric loading becomes excessive.
A boiler shell under pressure, if not truly cylindrical, tends
to become so, as does the tension rod to straighten, but in a flue
under compression the pressure tends to increase the distortion.
A true cylinder under external fluid pressure is in a similar condition to one under internal pressure. The thin, hollow cylinder
we figured as follows:
p r=f g
-where p=pressure lbs. per square inch,
r=radius in inches,
f=strength of the material in lbs. per square inch,
i=thickness of the shell in inches.

Fig. 25
using a sharp tool. Rivets must be driven; consideration must be
given as to how this may be done, whether by hand or by machine,
and room allowed to properly set the head. Only whole numbers
of rivets can be used; occasions have been when through a ludicrous error, for instance, 1511 rivets have been specified ; in laying
out a joint it is customary to take the nearest number of rivets
to that calculated and space evenly along the joint. Rigidity, in
an absolute sense, is sometimes expensive; a certain amount of

3
Fig. 26
mobility without loss of strength or efficiency usually means longer
life.
Furnace Tubes and Flues. These forms are subjected to external pressure, and are in the opposite stress from the shell, that
is to say, they are under compression. We well know that a steel rod.
will not bear under compression. that is. acting like a column,
nearly as much load as it will carry under tension the value of
the fraction decreases as fast as the ratio of length to diameter of

As the compressive strengths of mild steel and wrought iron
are about equal to the tensile strengths, the formula holds good,
except as before suggested, namely, that with any initial digression of the figure from the cylindrical shape the tendency of the
pressure is to carry it further, even to the point of collapse. Long
flues are more liable to this trouble than short ones for the same
thickness of material, for the support of the ends is less accordingly. As we increase the thickness of flues to withstand higher
pressures, we must remember that with the increased thickness
come many chances for flaws in the plates and uncertainties in the
welding. One type of corrugated furnace is made by scarfing
the edges of a flat plate, rolling it into cylindrical form, welding
the edges together by means of a gas furnace and rolls, and finally
giving the corrugated form by means of rollers.
The evaporative efficiency of thick plates is but little less
than in the case of thin ones, but dirt or scale, if allowed to collect,
will soon result in injury to any plate.
Many experiments have been made to determine the strengths
of flues, and none are more widely quoted than those made by
Fairbairn. The formula deduced by him from the experiments is
as follows:
S06300 x t2 5
Lx d
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p=collapsing pressure pounds per square inch,
t=thickness of shell in inches,
L=length of flue in feet,
d=diarneter in inches.

The formula proposed by Hutton is

Ordinarily the thickness of the plate is less than an inch,
and the exponent oft is taken as 2 instead of 2.19, thus making
the calculated collapsing pressure greater; that is,
806300x t2

C is a constant which varies with the material. For mild steel C=
660. For wrought iron C=600. L is to be taken as the distance
between flanges, if the tube or flue be so reinforced.

Lxd
Suppose we have

CX t2
dXVL
t=thickness in thirty-seconds of an inch,
d=diameter, external, in inches,
L=length in inches.

a flue as follows:
Length, 25 feet,
Diameter, 18 inches,
Thickness, inch

Then
06300 x (D2

25x18

448 pounds per square inch.

...w

Too much dependence must not, however, be placed on this
rule, for the results may be higher or lower than the real strength.
In " Steam Boiler Construction " Hutton gives the following
table:
Dimensions of
the Experimental
Tubes
Tested by or at

liternal
Diameter

Length

In
Tech..

By Fairbairn
.
.
.
By Chief Engineer U. S. N.
At Greenock

By Knight
4:

By J. Howden & Co.

7.87
33.5
42
42
54
38
36
36
36
43

Sabbea.

276
360
420
300
36
86
24
24
48
23

Collapsing Pressure
of Tube in Pounds
per Square Inch.

Thicknesi AP Pound by
in thirty•
med ■ b

Faiebairna
Formai..

ar ao ineb-

Q.114 S i

5
11
12
12
8

16
8
12
12
17

109

81
78
108
311
740
700
1568
784
2758

■ • found
by
•sperlakent

110
99
97
127
128
450
235
468
390
840

Ai Pound
by
Downes

114
113
100
119

120
436
218
490
350
842

.

1111:11

//////m//;ft.g.rfamm

wdri,

Fig. 29
28
of its stiffness by overheating and
by the many strains to which it is subjected, it is sometimes figured
with the same constant used for wrought iron, viz.: C=600.
If oval tubes are used, the diameter should be taken as that
of the greatest circle of curvature.
Example. Find the collapsing pressure of a flue 12 feet long,
80 inches in diameter outside, finch thick.
As steel may lose some

pounds per square inch.
600 X (12)2
=240
30X V144
Longridge suggests a formula

378 CONSTRUCTION AND DESIGN OF BOILERS.

where p=steam pressure in pounds per square inch,
i=thicknpss in inches,
L=length in feet,
d=diameter in inches.

174,000 X t 2
D x I.•
where

t--thickness in inches„
D—external diameter in inches,
L=length in feet,
and this is the same form as Hutton's, but gives a constant somewhat less.
In some special eases the fire-box will he found supported by screw stays, and not treated as a fine. The thickness
is by this means kept to f-inch, the load being carried to the outer
shell, which is finch thick. But this load on the outer shell is
opposite in direction to the load given by the steam pressure;
then, too, the outer plate is not in contact with the fire, while the
inner one is, and it affords a good evaporating surface.
Too much importance cannot be given to preserving the cylindrical form, or, at any rate, the circular form of the cross-section
of flues, if built up of parts with different diameters.
The lap-welded joint lends itself readily to this shape, and in
practice can be obtained with but small digression. A riveted
lap joint is very poor for reasons before brought out- The repeated
expansion and contraction, to say nothing of the wear of a flue,
tend to weaken it faster than other parts of a boiler, so that oftentimes new fire-boxes and flues are fitted to old shells, where the
original design is so made as to allow this to be done.
Flues are stiffened in many ways, some of which are as
follows: By turning up flanges and sometimes inserting a solid
ring, riveting the whole firmly, as in Fig. 27. This is known as
the Adamson joint. By riveting on a hoop ring, as at Fig. 28 ;
by riveting on a supporting ring, as at Fig. 29. Then there are
flues made with straight and spiral corrugations throughout their
lengths.

Lloyd's and United States Rules for Plain Flues.

89 600 x
P= ' x d
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Here we have

Comparing this with Fairbairn's formula, we have the constant
89,600=806,300---9, or, in other words, a factor of safety of 9,
and the exponent. oft is 2, rather than 2.19. The use of so large
a factor of safety as nine indicates that there is considerable.
uncertainty in the assumptions, but the chances are that the flue
so figured will be amply strong.
The Board of Trade Rule. This rule uses the formula
99,000 x F

= L xd
which differs only in the constant 99,000; this assumes a factor
of safety of

806,300_8 1
99,000
It is required, however, that the presure shall not exceed

4,400 x
P— r
p=pressure in pounds per square inch,
i=thickness in inches,
r=radius in inches,
or, in other words, a stress of 4,400 pounds per square inch of
metal. For furnaces having corrugations, ribs, or grooves, both
the United States' Inspectors and Lloyd's allow a working pressure
of
7,000 x t
r

or, in other words, a stress (re 7,000 pounds per square inch under
working conditions. Lloyd's Rule for such furnaces is found from
the equation
C (T-2)

P— 1r-
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Fire Tubes come under the same heading as flues, but the ratio
of diameter to length is so small in this comparison that collapsing
is almost unknown with the thickness of metal necessary to secure
a good joint, and to allow the tube to hold properly when expanded
into the tube sheet. The standard dimensions of a few sizes are
given:

•

1.91
1.70
1.53
1.39
1.27
1.17
1.09
1.02
0.95

2.11
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1.67
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Diameter.

otunza

p=working pressure pounds per square inch,
T=thickness in sixteenths of an inch,
D=diameter in inches measured to the outside of corrugations or ribs,
C is a constant which varies with the style of furnace and
strength of the material, as follows:
Fur steel furnaces corrugated, tensile strength less than 26
tons, corrugations 0 inches apart and 1j inches deep, C=1,000.
For steel furnaces corrugated as in Fox's or Morison's styles, Figs.
30 and 31, tensile strength between 26 and 30 tons, C=1,259.
For furnaces with ribs 9 inches apart C=1,160. For furnaces
spirally corrugated C=912. Subtracting 2 from the value of T
in the formula means that inasmuch as T is expressed in sixteenths of an inch, two-sixteenths or one-eighth of an inch of
metal is allowed for wasting away.

1.91
2.16
2.75
3.04
3.33
3.96
4.28
4.60
5.47

'

Fig.

Fig. 31

3(1

As our working stress is found from the equation
P

p=pressure pounds per square inch,
f=stress pounds per square inch,
t=thickness in inches,
r=radius in inches.
We find Lloyd's rule to be comparable by multiplying C by 16
and dividing by 2, that is, in the case of the spirally corrugated
furnace where C=912, we would have a fibre stress of

912x 16 -7296 pounds per square inch.
2

Factor of Safety. If our knowledge of the strengths of our
various materials was accurate and we could foresee the loads,
including the incidental with the working loads, we should not
need to build boilers as heavy as we do. It will not do, of course,
to allow any part to be strained beyond the elastic limit, for thereby
the loads will be thrown on other portions in a different manner
and with a different intensity from that intended. Then, too, we
must bear in mind the methods of and facilities for construction
as well as questions of handling, transporting, and erecting. The
testing of a boiler under water pressure is carried to some point,
often once and a-half the working pressure, and this must not
unduly strain any portion, for it may mean the yielding of the
part nnder a much lower pressure when carried continuously
for a long time. After all, factors of safety are more or less
factors of guess, hut we should bear in mind that the greater
the damage done by the failure of the part, the greater the reason
why we should insure its safety by using more metal. Corrosion
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and wasting of the metal may be deliberately allowed for in addition to the amount calculated as necessary to carry the load, or the
factor of safety may be made larger in such cases. A factor of
six undoubtedly allows for deterioration, and is entirely conservative. A factor of four is surely small enough, and should carry
with its use a very careful determination of the stresses. Remembering that the elastic limit is in the vicinity of one-half the ultimate strength, and that with a test pressure of one and a-half
times the working pressure we are very close to the yield point, a
factor of four is on the whole meagre.
With a boiler under careful supervision and close inspection,
a factor of five should serve well; there are many boilers in use
that were designed with this factor.
Hydraulic Tests. One and a-half times the working pressure
is a customary test pressure for new boilers. By this means leaks
are discovered and also gross errors either in design or construction. It is better to have the regular fittings on the boiler when
tested than to have the openings blank flanged.
AR flat surfaces should be carefully inspected while the
hydraulic pressure is on, noting carefully any indication of distortion. Cold water pressure is considered to give a very severe
test, for it will often show leakage where steam would not. Hot
water is sometimes spoken of as giving the proper expansion; but
it is a matter of difficulty to secure a thorough inspection, and, on
the whole, the cold water test serves very well. As leaks develop
they can be calked, either under pressure or by letting the pressure
off and then calking. If no leak appears upon again raising the
pressure, all is probably well. If the leak continues after repeated
calkings, the chances are that there is some yielding.
Old boilers are often tested under water pressure, but a careful inspection, particularly if the boiler be in its setting, is difficult.
Then, too, there have been many cases of explosion after such a
test, where no evidence of weakness was developed in the test.
Hydraulic testing may be easily done with a hand pump,
for the boiler can be filled with a hose, and a pet cock left to
let out the entrapped air, so that not much pumping need be done
unless the leaks are considerable. A power pump is better, however, for then some air can be left inside the shell, and the strokes
of the pump cushioned thereby, while the work of compressing
the air is of no account. Where a pump cannot be obtained, the
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outlets may be closed, and, after filling the boiler with water completely, a small fire built ; the expansion of the water will soon
raise the pressure to the desired point, but care should be taken
to have a man at the blow-off valve ready to relieve the pressure
when it becomes too great, for it will rise fast when once started.
In Peabody's Tables of the Properties of Saturated Steam and
Other Vapors, at page 35, the increase of the volume of water
from 10° Centigrade to 100° C. (the boiling point) is given as
4-A- per cent.
In some cases a water pressure of twice the working pressure
is put on, but this should not be done unless the factor of safety
is at least five.

REVIEW QUESTIONS.
CONSTRUCTION AND DESIGN OF BOILERS.

1. What materials are used in the construction of steam
boilers.
2. Name five different kinds of tests which may be used
for determining the strength of each material used.
3. When testing materials for tensile strength, what should
be the shape of the specimen ?
4. What is meant by modulus of elasticity, and how is it
obtained ?
5. What kind of material is most generally used for shells?
6. What kind of material is most generally used for rivets?
7. What kind of material is in most general use for stay
rods?
8. Of what material are tubes generally made ?
9. What is meant by tensile strength of a material?
10. What is meant by compressive strength of a material ?.
11. What is meant by torsional strength of a material ?
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12. What is shown by the contraction of the area of a specimen when it is tested under tension ?
13. What does elongation of a specimen show when tested
for tensile strength ?
14. What is the effect of heat on the strength of wrought
iron and steel ?
15. Compare the behavior of a fiat plate under pressure with
a curved surface.
10. What form of surface will hold the pressure best with
the least distortion?
17. Other things being equal, what are the properties of
mild steel as used in boiler plates?
19. -Name four different kinds of shapes of rivet heads.
20. How should rivet holes be made ?
21. Describe the difference between through staying and
diagonal staying.
22. What is meant by the efficiency of a riveted joint ?
23. Name five different ways in which a single riveted lap
joint may fail.
24. How are hydraulic tests on a boiler conducted ?
25. Describe the proper method for calking a riveted joint.

The Boiler Shop and Layout
of Plates.
IN THE BOILER SHOP.
For the proper construction of steam boilers several special
tools are required, usually designed for great strength. A properly
equipped boiler shop should have shears and planers for cutting
and finishing the edges of steel and iron plates; punches, drills,
and boring-mills for making and finishing holes needed in the
plates; plate-rolls and flanging machines for bending the plates to
the required shapes; hydraulic or steam riveting machines, pneumatic calking and chipping machines, and many kinds of hand
tools which will be mentioned later. A machine shop is also
needed in connection with the boiler shop proper for doing the
machine work required for boiler fittings, furnace fronts, repairing

and making tools, etc. A number of large and small cranes and
derricks are needed throughout the shop for lifting heavy metal
plates and parts of boilers in all stages of construction. A forging
shop is always needed for making small parts in iron and steel ;
and, in addition, boilers, engines, electric generators and motors,
pumps, and air compressors for supplying the power needed for
operating the shop. In many modern shops the large machine
tools are driven by electric motors attached to each machine, so
that the electric distribution of power becomes important. The
air compressors and pumps are necessary for operating the various
kinds of pneumatic and hydraulic machinery, more common probably in boiler shop work than in any other.
In boiler-making large and heavy steel plates must be handled
a great deal. Handling these plates is very cumbersome and re-

quires a wide space for every movement. For this reason the
boiler shop should be laid out so that the work on the plates can
25
885
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be done in a progressive manner; the various processes of manufacture to the finished boiler following each other systematically
around the shop in the order of the operations to be performed.

The heavy machine tools should be arranged in the order they are
used. Sufficient space to avoid over-crowding should be provided
everywhere, and modern stationary cranes located between the
machines should be always available for passing the plates system-
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atically through the various stages of shearing, punching or drilling, planing, rolling, flanging, and riveting.
The plates for the shells can usually be ordered from steel
and iron mills of about the sizes needed for ordinary boilers.
When the plates are received at the boiler shop the exact shapes

bevel to give some excess of metal at joints, so that the hammering
of the seams will be easier in making the boiler " steam-tight."
A view of the interior of a boiler shop is given in Fig. 1.
Partly finished boiler shells are to be seen everywhere, and, of
course, occupy most of the space in the shop.
Shearing Machines. A simple form of shearing machine or
shears is illustrated in Fig. 2. This machine is used for cutting

Fig. 3

Ft. 4

of the finished plates to make up the boiler are laid out in chalk
marks or with a scriber. If large pieces are to be removed, as at
the corners, the plates are carried by a crane to a shear, where
rough cutting is done. Then the plates are taken to a large metal
planer, where they are cut down to exact size, but with a slight

bars and plates of steel or iron. The power needed for driving the
machine is taken from shafting by a belt passing around the heavy
band wheel on the main shaft of the machine. The lever on the
side of the machine is connected to a clutch, which can be thrown
out of gear when the shears are not needed for constant service;
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but in most shops the clutch is not thrown out between successive
strokes when the cutting is being done. When the lines to be
followed in cutting the plate have been plainly marked, the plate
is pushed into place on the shearing machine, and on the up stroke
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of the shears pass through the plate. The cut is, however, not very
smooth, and some finishing is necessary either with hand tools or
with a metal planer.
When large quantities of short pieces are to be cut to the same
length, a " stop " plate is usually bolted to the machine behind
the cutters. On the up stroke of the cutter, the piece of steel or
iron to be cut to the standard size is pushed against the " stop "
plate, and at each stroke of the machine the required size is cut off.
Fig. 3 illustrates a belt-driven shearing machine capable of
shearing the plate with the required bevel. The head is operated
by a cam bearing against a roller in a lever, which in turn bears
upon a steel block in the head, which is started and stopped by a

Fig. 6

Fig. 5
of the upper cutter the plate is placed so that the edge of the lower
cutter is on the line for the cut, and on the down stroke the edges

hand lever or treadle connected with a clutch on the cam shaft.
When stopped the head is always at the upper end of the stroke.
Fig. 4 shows a multiple power hydraulic plate shear. The
essential features consist of the direct application of the power to
the knife without intervention of gears, eccentrics, clutches, levers,
or wedges, thus securing the highest possible efficiency in operation;
the multiple power compound intensifier, which insures absolutely
equal and simultaneous action of the two rams which operate the
cutting knife, regardless of the position of the point of resistance
to the knife, and which also provides for the most economical
operation of the tool by permitting the application of varying
powers in shearing different thicknesses of plate; the arrangement of the upper knife holder, guides and bearings, which permits
either end of the upper knife holder to make a complete stroke,
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while the opposite end remains stationary should such a movement
occur due to an accident; the arrangement of the operating valve,
so that it is automatically closed just as the upper knife holder
reaches either end of its stroke, thus relieving the shocks which
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would otherwise result. The knives are made of the best grade
shear steel and each has four cutting edges.
The design provides a tool entirely self-contained as far as
working strains are concerned, and of absolute rigidity. It combines the utmost simplicity with the highest efficiency, the frictional losses having been reduced to a minimum.
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Fig. 5 shows a shearing machine driven by an electric motor.
Plate Planing Machines The plate planing machine shown
in Fig. 6 is intended for planing boiler plates and shop plates.
The table of the machine is large enough to take the largest plates
that are likely to be worked in the boiler shop.
Plate planing machines are usually made with an I-beam
or a riveted plate-girder clamping beam, and arc provided with
trolley jacks or removable jacks to clamp the plate fast to the
table. For small machines the clamping beam itself is set down
on the plate by screws at either end. The tool slides are arranged
with two tools, one cutting in each direction, and may be either

Fig. 9
plain or compound. The compound tool slide has a vertical
adjustment. The carriage is driven by heavy screws, and is reversed automatically by adjustable dogs on the shifting rods
along the front of the bed.
The machine is driven by a reversing motor coupled to the
driving mechanism by a friction clutch. A special automatic
controller is used for starting, stopping, and reversing the motor.
The operator controls the machine either from the carriage or the
motor.
For planing two adjoining edges of a plate duplex planing
machines, which have end planing attachments, are used. Fig.
illustrates a machine of this type.
Punching Machines. Punching machines or punchers are
used for making small holes in plates, usually not over an inch in
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diameter. These machines in many details are much like shearing
machines. A simple form of punch for steel and iron is shown in.
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The main shaft A of the machine, together with the band wheel,
are always in motion when the shafting in the shop is running.
The punch itself is moved, however, only when a hole is to be cut.
The mechanism moving the punch is connected to a cam B on the
main shaft, and when this cam is thrown into gear by the operator
moving the hand lever at the side of the machine the punch
descends and pierces metal of considerable thickness placed beneath it. When the cam is disengaged the punch is always left in.
its highest position, so that the plates can readily be adjusted in
the space beneath it. The center of the punch can be thus made
to strike accurately the hole to be punched. The power required
for the blow to penetrate thick metal is much greater than could be
transmitted by the small belt that is used on such machines; but
the energy stored in the heavy band wheel when the machine is

Fig. 12

Fig. 11
Fig. 8. The power to drive the machine is transmitted by a belt
from shafting to the band wheel, as in the case of simple shears.

Fig. 13

Fig.

14

running idle is turned to good account when the blow is struck.
Then again, when the punch is withdrawn from the hole it has
made, the clutch connecting the punching mechanism with the
shaft is disengaged; but the band wheel continues to revolve in
order to store up energy for the next blow.
Fig. 9 shows a horizontal punching machine made by Bement,
Miles & Co., Philadelphia. The head is driven by a lever, and is
stopped and started by a hand lever engaging a gag of hardened
steel. The punch is brought forward against the work for accurate
punching to lines by a second lever projecting from the side of the
frame under the sliding bead. Dies are held in a steel stick which
passes through the frame and allows small flanged pieces, such as
heads, to be easily punched.
Fig. 10 shows a punching machine with an automatic spacing
table. It is designed to punch holes at the rate of GO to 80 strokes
per minute. The table will hold sheets of any width and will
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space automatically, and also has a quick return. The table can
be arranged to space accurately for holes of any desired pitch up
to 3 inches. Inside and outside sheets may be punched, so that
when rolled and fitted together the holes will exactly correspond.
Fig. 11 illustrates a hydraulic punch. The principal feature
of this machine is an automatic stripper, which descends upon the
plate, remains there until the hole is punched and the punch withdrawn from the plate, then rises 1 inch above the end of the punch,
leaving the latter to engage in the next center-punch mark.
The punches and dies used for making holes in boiler plates
are usually of about the same general pattern. They are always
cylindrical, and the head on the cutting face is made a little larger
in diameter than the rest of the cylinder. This enlarged cutting
face is shown in some of the figures that follow. A punch with a
plain edge or cutting face is illustrated in Fig. 12. A form of
punch with a center-point on the end is represented in Fig. 13.
This center-point is very useful for helping the operator of the
punching machine to find the centers of the holes marked on the
plates, and makes accurate work easily possible. These two kinds
of " heads " for punches are usually made with a face which is
slightly concaved (hollowed out toward the center) to make a
cleaner cut and a smoother hole. A spiral face on a punch is
shown in Fig. 14. The action of such a punch in cutting metal is
supposed to be less liable to injure the surface of the plates near
the holes than the other forms. When holes larger than an inch in
diameter are to be punched this spiral form is always used.
Making holes in thick metal plates with a punch is generally
considered a rough and unsatisfactory method, so that drilling has
superseded punching very largely, especially for boilers intended
for high pressures. The punch in passing through steel or iron
plates which are always of a slightly fibrous or stringy nature has
a tendency to open seams in the metal around the holes. When the
holes are being made the metal is pushed or broken out by the
punch without being cut. Wrought iron is more fibrous than steel,
so that this metal is injured more from this cause than steel. This
fibrous or stringy quality of wrought iron can be well observed by
breaking a small rod by alternately bending the ends together
and straightening the rod out several times. The fracture will
be seen to be very rough and fibrous. On the other hand, when
very hard and slightly brittle steel plates are punched, small cracks
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are often formed around the holes, which reduce the strength of
the plate very much in the vicinity of the holes. Thin plates of
soft and ductile (yielding) metal are least injured by punching.
In soft and ductile boiler plates the injury to the metal as the
result of punching holes is usually confined to a ring around the
hole about as wide as one-third of the thickness of the plate. For

Fig. 15
this reason many boiler makers punch all rivet holes one-eighth of
an inch too small and ream them to the required size for the rivets.
When the ends of the punch and die are not well designed
there is often much greater injury to the metal from punching than
has been mentioned above.
The loss of strength in a plate due to punching is greatly

Fig. 16
affected by the form of the shearing edge of the punch and the
size of the hole in the die-block. If the punch fits the hole in the
die-block exactly without any clearance, the loss of strength will
be excessive; but there are also very bad results when there is
excessive clearance, that is, when the punch is considerably smaller
than the die. The action of the punch and the effects on the plate
when the clearance is much too large are well shown in Fig. 15.
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The amount that the diameter of the die should exceed that of the
punch for the best results depends on the thickness and nature of
the metal. A rough-and-ready rule commonly accepted is that
the diameter of the die should be 1.1 times the required diameter
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In general, we may say that a good soft and ductile boiler
plate is not seriously injured by punching if it is done carefully
and every precaution is taken to remove the bad effects. Wrought
iron plates are usually more ductile than the steel plates, and are

Fig. 17
for the usual size of rivets and boiler plates. Thus for rivets /
inch diameter and inch plate the diameter of the die should be
/ multiplied by 1.1, or about ft inch.
Fig. 15 also shows that the effect of the clearance between the
punch and the die is to produce a hole with slanting instead of

Fig. 18

straight sides. In other words, the hole is conical, very much like
the illustration in Fig. 16.
Punch plates should be placed together at a joint which is
to be riveted, so that the large ends of the holes are on the outside,
as in Fig. 17. When hot rivets are hammered and squeezed in

Fig. 19
Fig. N

making the joint, it is much more likely that the metal of the rivets

will fill up these cup-shaped holes than when the holes are placed
the other way, as in Fig. 18. A tight riveted joint is only assured
when the holes are completely filled with the metal of the rivet,
otherwise the rivets are likely to be loose. Fig. 19 shows a rivet
which properly fills the holes in punched plates.

intended for comparatively low steam pressures. The greatest
possible precaution to secure the highest strength of the plates is,
therefore, not so essential. For these reasons the holes in wrought
iron plates are commonly punched and those in steel plates are
usually drilled.
26
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The practice of punching the holes in boiler plates a little
small and reaming out to the required size has already been mentioned. After punching, many boiler makers put the plates into
a furnace, and when heated to red heat they are taken out and
allowed to cool slowly. This process of heating metals and allowing them to cool slowly is called annealing. Annealing is the
common method by which a hard and brittle metal is made soft
and tough.
During the process of annealing a scale is formed on the surface of the plates. This scale is objectionable for some purposes,
and is especially harmful on the inside surface of rivet holes.
Scale must, therefore, be carefully removed from the holes in
annealed boiler plates, and all this adds to the expense of producing
a good boiler shell.
A shears and punch may be combined in one machine, one
end for shearing, the other for punching. This machine is driven
by belting from a line shaft, or may be direct connected to a steam
engine or an electric motor. Fig. 20 illustrates a combined punching and shearing machine manufactured by Bement, Miles & Co.
The fork just above the die prevents the plate from rising as the
punch is withdrawn.
Power Required to Punch Plates. The force necessary to
punch a hole in a boiler plate gives a good idea of the harm done
by producing abnormal stresses or strains. In punching a rivet
hole in a plate, the metal which is touched by the punch is pushed
or broken off, as in the shearing that occurs with ordinary scissors.
The punch, therefore, may be regarded as a shear blade. Experiments show that the resistance of a plate to punching is about the
same as its resistance to tearing (shearing). If this resistance of
steel plates is taken at 15,000 pounds per square inch, the force
required to punch the hole in the plate is equal to:
Area cut throughXshearing resistance of the plate.
The area cut is the circumference of the hole times the thickness of the plate. Let d be the diameter of the hole and t the
thickness of the plate; then 3.1416X d is the circumference of
the hole and the area cut is 3.1416X dX t.*

If a finch hole is to be cut in a finch plate, the area cut
through is:
3.1416X Xi=2.06 square inches.

(i2
* The area of the hole is 3.1416X (the area of a circle); but in this
4
case the cutting area is in the shape of a circular ring, of which the circumference of the hole is one dimension and the thickness is the other.

The force of the blow is:

Fig. 21

Shearing resistance X area cut through, or
75,000 X 2.06=nearly 155,000 pounds.
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If the force needed to punch one hole is 155,000 pounds, a
correspondingly greater force is required to punch several holes at
the same time, as in some of our multiple punching machines
with several punches operated at once on the same plate. The
power required in such a case is really enormous.
Fig. 21 shows a modern multiple punching machine. It is
equipped to punch from 1 to 4 holes. The punch-holders and die-
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when rivet holes are drilled the plate is subjected to much less
stress or strain, even if twenty are drilled at once, as in some of
our modern multiple drills, than when one hole is made with a
punch.
Fig. 22 is an illustration of a modern multiple drill.
For all marine work the rivet holes must be drilled, and the
specifications of the U. S. Navy absolutely demand it. Drilling
permits more accurate riveting than punching, as the holes are
spaced more readily, and, therefore, usually more correctly. There
is no difficulty about drilling plates after they have been bent into
shape. When the holes in plates for a boiler shell are to be drilled,
a few holes are made in each plate before it is bent, and when the

Fig. 23

Fig. 22
holders are adjustable from 1i inches minimum distance between
centers of holes up to 24 inches between centers of outside holes.
The punches are provided with gags, so that they can be made
inoperative and do not have to be taken off in changing the number
of holes to be punched. The machine is driven by an electric
motor which can be attached in any desired position.
Drilling. In modern boiler shop work the holes in plates are
usually drilled and not punched. Punching is cheaper than drilling, but, on the other hand, it is less accurate. It is obvious that

plate has been rolled to the proper shape, temporary bolts are put
through these holes and the other holes are drilled in the plates
just as they are to be joined. This method makes accuracy certain.
After drilling the holes, however, the plates must be taken apart
by removing the bolts, so that the sharp edge or burr of the drilled
hole can be removed. This drilling of plates " in position " is
usually done with portable drills.
Drilling of boiler shells is sometimes done with a special
drilling machine so arranged that the boiler shell can be turned
on the cradle or bed so as to bring any portions of the surface to
the drill.
Plate bending. After the plates for the shell of the boiler
have been cut to size end the small holes have been rut ont, they
are carried to a plate-bending machine, where they are bent to a
-

406 l'HE I3OILEU SHOP ANT) LAYOUT OF PLATES.
cylindrical shape by being passed through rolls much like those
used for rolling bar iron in rolling mills.
The makers of plate-bending machines have various designs,
differing only in details and dimensions. A common and simple
form of these machines is shown in Fig. 23. This machine consists of three rolls arranged in " pyramid " form. There are two
lower rolls 13 and one upper roll C. The lower ro'ls are connected to each other by powerful gearing.
When a boiler plate is to be rolled from a fiat to a curved
shape it is placed on the lower rolls, and the upper roll is lowered
till it grips the plate. The rolls are then started and the plate is
run through till the rolls have passed nearly to the other edge of
the plate; then, before the plate falls from the machine, the rolls

Fig. 24
are quickly stopped and the top roll is screwed down to increase
the curvature on the next passage through the rolls. The machine is then reversed and the plate is run through the rolls in the
other direction. After each passage through the rolls, the upper
roll is lowered a little and the plate is carried back and forth
through the rolls till it has the required curvature.
Except when the plate has been rolled into the form of a complete circular ring or near that shape, the machine will discharge
the plate by the movement given by the rolls. When, however,
a circular ring has been made, as is so common for boiler shells
and furnace flues, it cannot be removed without taking off the
end of the machine and raising the upper roll to remove the pressure. To make this operation possible, one bearing of the upper roll
(shown on the left in Fig. 23) has a hinge in the support D, which

I
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support may be thrown back, leaving the roll free for the removal
of the plate.
There is also another common type of plate-bending machine
often found in bailer shops. In this machine, Fig. 24, there are
three rolls as in the machine already described, but the two smaller
rolls are in a vertical instead of a horizontal plane. In this machine these two rolls are called the " pinching " rolls. The larger,
or bending roll, is placed in front of the two smaller rolls. In this
arrangement the upper and lower " pinching " roils are geared
together, but revolved in the same direction and at the same speed.
Also, the height of the bending roll will determine the amount of
curvature given to the plate.
In either of these machines the bending roll is usually run

Fig. 25

Fig. 26

idly from the friction of the plate; that is, without gearing; and
the plate is run through merely by the motion of the other two
rolls. When, however, very heavy plates are to be bent, the bending
roll must also be driven by power from the shaft, usually with additional gear wheels. In modern plate-bending machines the bending roll is raised and lowered by gears or motors connected to the
screws, which, as shown in Fig. 23, are moved by hand. Instead
of the hinged support for the upper roll shown in Fig. 23, some
plate-bending machines are made so that the removable bearing
is in a pivoted " cheek."
In the use of these bending machines there is always difficulty in bending the ends of the plates. The bending effect of the
rolls cannot be made to extend to the extreme edges on account of
the end of the plate falling between the rolls in such a position
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that the plate is merely rolled along without being bent. This
position of the plate with respect to the rolls is illustrated in Fig.
25. When the plate is in this position there will be a straight
part of the plate between a and b. The length of this " straight
part" can be made comparatively small by making the lower rolls
B smaller and at the same time bringing them closer. If, however,
the lower rolls are not close enough to make the length of this
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plates and for arcs of large radius. If the floor of the shop around
such a bending machine is eoveredIvith sheet iron, a good support
is provided for handling large plates without the assistance of
cranes. With horizontal rolls, overhead cranes are always needed
to support very large and heavy plates passing through the rolls.
Vertical rolls have also the important advantage of giving a truer
finish to the ends of the bent plates. When circular rings are
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Fig. 28

Fig. 27
straight portion negligible, a narrow piece of wood, or, still better,
a bar of curved iron with a nearly semi-circular section is placed
on this part of the plate as it goes through the rolls. In this way a
suitable pressure is brought to bear upon the end of the plate, giving it the required curved shape. A curved iron bar is shown in
position between the upper roll and the plate in Fig. 26.
Vertical bending rolls like Fig. 27 are very useful for long

rolled, the front roll is moved up vertically through the top of the
machine to permit the removal of the plate.
The amount of curvature to be given the plates is determined
by trial with a template which has been cut to fit an arc of a circle
corresponding to the diameter of the boiler.

Straightening Rolls. Plate-straightening machines are similar to bending machines, except that they have more rolls. A
good example of this machine is illustrated in Fig. 28. It has four
rolls in a row at the top and three below. The upper rolls can be

raised and lowered together, and usually each roll has attached
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to it a graduated scale for accurate adjustment. Steel or iron
plates can be made accurate plane surfaces (that is, absolutely
flat sheets) by passing them several times through this machine.
The lower rolls are stationary, and are connected with each
other by gearing, and with the line shaft by belting, or there is
an independent drive from an electric motor.
Seiler Heads. We have been discussing almost entirely the
circular sections of the boiler shell in the processes of punching,
drilling, and bending. The operations required for the flat ends
or heads of the boiler will now receive attention. The heads are
made circular, and the circles are cut out a little larger than the
actual size of the head to allow for turning over the edges or flanging to permit fastening the heads to the circular portion of the
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have been flanged they are again heated in the furnace for the
purpose of removing, by annealing, the local stresses caused at
the bends. In the annealing process the whole plate is usually
heated to a dull red heat and then allowed to cool slowly.
Flanging machines are really presses, similar to the one illustrated in Fig. 30. This machine is used mostly for flanging circular head plates, furnace flues, etc. The important working

Fig. 29
shell. The turned over or flanged edge of the head is shown
beside the circular section in Fig. 29. This figure represents the
flanged head as it appears when it is removed from the shell for
cutting off the rough burrs on the rivet holes after drilling.
Flanging. Making a flanged edge on a boiler plate is the
most severe test to which it is subjected before the boiler leaves
the shop. For this reason great care must be taken that the plates
do not develop small cracks which will later prove disastrous.
To save the plate from injury the turn of the edge of the plate in
flanging should be made with a well rounded corner. A very sharp
corner is liable to cause the plate to break off at the bend. At
present in the best shops flanging is done almost entirely with
machines.
In all flanging processes the plates are heated in a furnace to
a red heat before any edges are turned over. Also after the plates

Fig. 30
parts of this machine are shown in Fig. 31, showing diagrammatically the machine originally called by boiler makers Tweddell's press. The heavy framing of the machine contains two vertical cylinders with vertical piston-rods A and B. A die D on the
end of the rod A is used for holding the plate P, while the die E
on the rod B does the flanging or turning over of the plate around
the block F. The ram C has a horizontal motion. When it is not
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operated its face is not in sight, in order to leave the space clear for
the operation of the die E. The ram C is used for finishing or
squaring up the flanged portion of the plate. The block F is
usually circular because most parts to be flanged are of this shape.
Large flanging machines can be used for flanging furnace
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weakened, just as rivets may be ruined by excessive heating to
white heat before driving.
By the use of welded joints we avoid the deposits that are
sure to accumulate on the inside of a boiler around rivet heads and
rivet joints; in addition there is no corrosion or rusting from
leakage through imperfect joints due to loose rivets and careless
calking.
A perfectly welded joint is much stronger than the best riveted joint, and nearly as strong as the solid plate before the holes
were cut. The strength of a joint, and, therefore, of the whole
boiler, is determined by its weakest part. Welded joints when carelessly made may look very good and still be very poor for strength.
The soundness of welded joints is, therefore, actually very uncertain, depending largely on the skill and care of the workman. A

Fig. 31
flues in one operation, and it is done with the best possible results.
Welded doints. Where joints in a boiler are subjected to
great pressure on the outside rather than from the inside, as in
furnace flues of internally-fired boilers, welded joints are desirable. When riveted joints are subjected to the most intense heat
of the furnace, as over the grate, they are liable to get too hot
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Fig. 32
and the heads of the rivets may be burned off. For this reason riveted joints should be avoided where the heat is great, and welded
joints used instead. Methods of joining sections of furnace flues
are illustrated in Figs. 32 and 33. These designs are particularly
bad because the heads of the rivets are exposed to the intense
heat of the fire, They are likely to be burned and consequently

Fig. 34
weld must always be considered about 5 per cent weaker than the
solid plate, and often apparently good joints are from 50 to 60
per cent weaker. As a rough-and-ready rule we may say that the
average strength of welded joints is about 75 per cent of the
strength of the solid plate.
For all kinds of construction where a broken joint would be
disastrous to life and property, as in the joints of a steam boiler
shell, welds should not be allowed, unless the steam pressure is
so low that such joints would be absolutely safe.
The steam drums of marine water-tube boilers often have
welded joints if the drums are small compared with the size of the
complete boiler. For high pressures in modern boilers, however,
it seems as if riveted joints should be preferred.
Corrugated flues, Fig. 34, are always made with welded joints
and are comparatively safe, because the steam pressure is on the
outside of the flue. All such tubes are much stronger to resist
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pressure from the outside than from the inside; and, on the other
hand, if a rupture did occur the damage would not be so serious
as a failure in the shell, as the water from the boiler would pour
into the furnace flue, put out the fire, and take more of the nature
of a flood than a boiler explosion. The damage would be internal
rather than external.
A welded joint for steel boiler plates is made most satisfactorily when the two edges to be welded are upset when at a red
beat to about double the thickness of the original plate. After the
upsetting, the two edges are heated at the same time to a " welding
beat " in a furnace, and then the joint is made by quickly hammering down the edges on each other till the joint has the thickness of the plate.
Riveted Joints. The most satisfactory joints for all kinds
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with the plates. This occurs most often where steam domes and
boiler fittings are to be attached to the shell over a riveted joint.
Instead of shaping the part to be added to fit cup-shape or panshape rivets the joining surface is made regular and the rivet head
is depressed at the points where the surfaces intersect. For such
depressed rivets, called countersunk, a tapering hole is cut out of
the plate where the head is to be located. This tapering or conical
part of a rivet hole is called the countersink. If there is no interference with the rivet head on the other side of such a joint, that
head should be made cup-shape, pan-shape, or conical rather than
countersunk. It is recognized by engineers that the greatest
strength of a rivet comes from the friction of the flat surface of the
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Fig. 85

Fig. 36

Fig. 37

of boiler-making are made by fastening the ends of plates together
with iron or steel rivets. These rivets are made from round bars
of wrought iron or mild steel of a special quality which is both
tough and ductile. Pieces of the required length to make a rivet
(considerably longer than the finished rivet to allow for making
the beads) are cut from the bar. These pieces are heated to a red
heat in a furnace, and are then put into dies, where one end is
pressed into the form of a rivet head, and the other end, called the
shank, is slightly tapered for about half its length, so that it will
easily fit the holes in the boiler plates. Rivet heads of the most
common forms are illustrated in the accompanying figures. Fig.
35 shows a pan-shape rivet, Fig. 30 a cup-shape, and Fig. 37 a
countersunk rivet. The rivet head, which is made in the die
before driving, is usually pan-shaped for hand riveting and cupshaped for machine riveting.
Sometimes it is necessary to make the head of a rivet flush

Fig. 38

Fig. 39
head next to the plate. This friction in a well-made joint may be
greater than the crushing or shearing strength. With a countersunk
rivet it is obvious that this frictional resistance is not applied to
advantage; and, on the other hand, when forces come on such a
rivet in a direction normal to the surface of the plate, countersunk
rivets have been observed to slip through the plates. The countersunk head is made by pressing with a riveting machine or hammering by hand the shank of the rivet into the countersink in the plate.
The largest diameter d of the shank of a rivet is usually Ili
inch smaller than the holes in the plates; and the largest diameter
of the rivet head is twice the diameter of the shank, that is, two
times d. The height h of the head is made d. Rivets are always
made long enough to have a considerable portion extend beyond
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Fig. 40
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the surface of the outside plate. A rivet passing through two
thicknesses of plate is shown in Fig. 38. The portion of the shank
projecting beyond the plate is made 11 times the diameter of the
rivet for hand-riveting, and inch longer for machine-riveting.
Dotted lines in this figure show the conical head formed by hammering down the shank of the rivet with light hammers. This
conical head can be made more rapidly than the other standard
forms when only hand tools are available. The cup-shape head
is, however, often made with hand tools by hammering down the
hot shank very quickly and finishing off with a cup-shape die or
stamp D shown in Fig. 39. The die is placed on the partly finished head and the rivet is shaped by the force of several blows
struck on the back of the die with a heavy hammer. A completed
rivet with two cup-shaped heads is shown at C in the same figure.
Practically all riveting is now done with machines usually
operated by hydraulic pressure; but pneumatic and steam riveting
machines are also used to some extent. Hand-riveting is done in
large boiler shops only when the space around the rivet hole is too
small to get a machine in position. Formerly, all riveting was
done by hand, but machine-riveting has superseded the hand
methods wherever a machine can be used. With the machine,
riveting can be done so much more quickly than by hand, and the
work is more uniform in quality and strength. When riveting is
done by hand it is often observed that a small shoulder has been
formed in the rivet hole near the head of the rivet, because the
metal has not been properly hammered and the hole is not completely filled. With these conditions we are likely to find many
loose rivets to be cut out and replaced.
Hydraulic riveting machines are most generally used for
heavy work on boilers. In fact, no other kind of machine can be
successfully used on the heavy plates for marine cylindrical boilers.
It is almost impossible to secure tight joints with plates more
than an inch thick, except with a hydraulic machine. With this
machine work can be done more accurately than by hand, and the
enormous pressure which can be applied upsets completely the
shank of the rivet, fills the hole before the rivet head is made, and
closes the plates tightly; all in an instant and yet without the
slightest indication of a blow or impact. This represents the
ideal condition for good riveting. Hydraulic power in a 'boiler
shop is easily and conveniently transmitted through pipes.
27
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Hydraulic riveting machines may be fixed or portable. The
largest machines are always stationary, and a good example of this
class is shown in Fig. 40. The machine consists of two heavy
cast steel beams, called stakes, fastened together near the middle
and at the lower end. These stakes are made to be of sufficient
strength to withstand the stresses produced when forming the
rivet head. A hydraulic cylinder is located on the top of one of the
stakes, and the other carries the fixed die. The heading tool or
stamp, usually cup-shaped, is attached to the end of the hydraulic
ram. The plates to be joined with rivets are placed in the proper
order between the fixed die and the stamp at the end of the ram,
and the operator puts the hot rivets into the holes; then by pressing
a small lever the ram is pushed out from the cylinder and the head
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Pneumatic Riveting Machines. In addition to hydraulic
riveting machines, which have such an important part in modern
boiler shop practice, pneumatic riveters, operated by compressed
air, are also employed with good success, especially for work to
be done where the space is limited. Some authorities argue that
the succession of sudden blows from a rapidly moving pneumatic
riveter tends to crystallize the material of which the rivet is made,
and, like hand-riveting, does not permit the metal to flow readily
to fill the hole before the head is made. The extremely rapid
action of the hammer in this machine seems to overcome the second
objection satisfactorily, as the metal has no time to cool, and that
serious crystallization takes place is very doubtful. Excellent
results, at any rate, are reported wherever these machines are used.
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is made. The size of plate that can be handled in the machine is
limited by the distance or reach between the riveting dies at the
top and the bed plate at the middle of the machine.
The machine shown in Fig. 40 is a triple-pressure type. The
areas of the rams in the cylinder can be adjusted to give three
different total pressures on the heading tool, so that plates of
various thicknesses can be riveted with approximately the right
amount of pressure. Thick plates and rivets of large diameter
require more pressure than thinner plates and smaller rivets.
Three different pressures can be obtained by operating the simple
two-way valve at the side of the machine. A hydraulic accumulator is the direct source of power supply for the machine. For
this machine the pressure in the accumulator is 1,500 pounds per
square inch, and the three total pressures obtained at the machine
are 50, 100, and 150 tons.

The Boyer long-stroke riveting machine of this class has been very
successfully employed in the U. S. Navy. It has been used satisfactorily on 1I-inch rivets.
An excellent article from the American Machinist of April
25, 1901, involving a description of the Boyer long-stroke pneumatic hammer, is reproduced as follows:
This tool, shown in Fig. 41, and section herewith, is the
result of a series of experiments having for their object the
development of a hammer which should deliver as powerful a
blow as the materials of which it is made are capable without
destruction to themselves. To this end the piston is a simple
cylinder without grooves or shoulders of any kind, it being considered that in working the piston to its capacity that capacity
would be greater without such grooves.
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Fig. 42 shows the hammer with a riveting die "a" in position,
the action of the valves being also shown. The throttle valve is
located in the usual place in the handle, where it is conveniently
placed for operation by the thumb. The opening of this valve
alone is not, however, sufficient for starting the hammer. The
blow of the piston is delivered directly on the shank of the die,
which is prevented from falling out of the die by a light dip "13"
only. Should the air be turned on before the die is pressed against
the rivet the first blow would send the die and piston flying through
the air, resulting in possible injury to someone or to the loss of
the pieces. A second stop valve "c" is therefore employed which
is operated by two rods, of which one is seen at "d," which extend
down through the body of the hammer, their lower ends resting
on the ring "e" against which the die shank abuts. So long as
the die is off its rivet the spring and air pressure behind valve "c"
hold it firmly to its seat, the rods "d," ring "e," and die "a" being
pushed to the right, and hence opening the thumb valve will not
start the hammer. When, however, the die is pressed against the
rivet, valve "c" is opened, and if the thumb valve is also open the
hammer will operate. Valve "c" is, of course, open wide or not
at all, the control of the blow being entirely by the thumb valve.
The operator is, in fact, unconscious of the presence of the valve
"c." He only knows that the hammer must be in position for work
before it will operate, and, except for this fact, the hammer behaves
precisely as though there were no valve "c."
The valves which control the blow of air to and from the two
ends of the cylinder are shown at "f" and "g," and are hollow,
very light, and short of stroke. Light rods similar to but smaller
than "d" lie between the valves in the walls of the cylinder. One
of these rods is shown at "h." As each valve moves toward the
center of the cylinder to admit air at its end, it, through these
rods, pushes the other valve away from the center to exhaust the
air from its end.
In the position of the parts shown, the air enters the upper
end of the cylinder as shown by the arrow "i," and drives the
piston downward, the exhaust escaping as shown by the arrow "j."
As the lower end of the piston enters the valve "g" it compresses
the air before it.. This cushion pressure acting on the ring end of
"g" pushes it to the left, the valve "f" being also pushed to the left
through the action of the rod's end. In this position the parts which
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were previously open are closed, while port "k" is opened to live
air and port "1" to exhaust, the holes in which rods "d" lie serving also as passages to carry the air to the port "k." On completion
of the return stroke the piston enters the upper valve "f," when the
action of the cushioned air is to push the valves to the right.
From the designer's standpoint this machine is remarkable,
in that its action is independent of the length of the piston. The
piston may be removed and a longer or shorter one be substituted
with a corresponding change in the length of the stroke, without
in any way changing the correct action of the parts. By thus
changing the pistons, blows of different character can be obtained.

Fig. 43
Steam Riveting Machines. Steam riveting machines have
been practically replaced by those using hydraulic and pneumatic
pressures. Low steam pressures have always been used, so that
extremely large cylinders were necessary compared with those of
other machines. This difficulty could, however, be remedied if
these machines were not undesirable for other reasons. The sudden and hammer-like blow delivered by a steam riveter corresponds
exactly to the blow of a hand hammer, and there is no doubt that
this tends to crystallize the rivets very seriously. Experience shows
that steam riveters do not properly fill the rivet holes with metal.
Fig. 43 shows a steam riveter using 100 pounds pressure.
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Strength of Rivets. Rivets are not as reliable for tension
stresses as for crushing or shearing stresses. For this reason, when
forces are to be resisted which would be exerted along the length
of a rivet, bolts are used instead of rivets.
There is very little difference between the shearing strength
of iron and steel rivets. In shear steel rivets will resist about
45,000 pounds per square inch, and iron rivets about 40,000
pounds per square inch. Steel rivets are often used with steel
boiler plates, but there are some boiler makers who use iron rivets
for all work. Their reason is that there is not much difference in
the relative strength of the two materials for use in rivets. Steel
rivets must be handled much more carefully than iron rivets whenever they are heated.
Steel and iron rivets must be heated to a red heat before they
are placed in the holes at a joint to be driven and headed. Steel

411.

THE BOILER SHOP AND LAYOUT OF PLATES.41.":
shoulder formed by the rivet holes being not exactly opposite each
other.
When two plates which are to be riveted together have had
all the holes drilled or punched separately, the plates must be
brought together with the holes in one plate in alignment with the
corresponding rivet holes opposite. Usually a few bolts are temporarily put through a few rivet holes to hold the plates together,
and a drift (Fig. 45) is then used to " clear out " the holes. The
use of this tool to force the holes to correspond cannot be too
severely condemned. The metal near the holes suffers severe
injury from such forcing, and such practice is absolutely prohibited for all naval and high class work.
When loose rivets are to be removed, or when a riveted joint
is to be broken open, a hand chisel is used to break off the head of
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rivets must be treated more carefully than iron rivets with respect
to high as well as low temperatures. Iron rivets may be driven
and hammered when the points only are at a red heat ; and,
on the other hand, a white heat is not necessarily injurious to
their quality. For riveting joints in boiler plates, steel rivets must
be subjected to a uniform heat, giving a cherry-red color over the
entire surface, over the head as well as the shank. If the temperature of steel rivets is too low they will not fill the holes, and loose
rivets will result. When steel rivets are exposed to a white heat
they are liable to be burned. The fires in the furnaces for heating
rivets, re-heating for flanging, and annealing steel plates should
be kept thick and at a uniform temperature without much draft.
The greatest possible precaution should be taken that the
plates to be riveted are close together, and that the rivet holes are
exactly opposite each other. If these precautions are neglected a
shoulder will be formed between the plates, so that the strength
of the joint is very much reduced. Fig. 4-4 shows an example of a

Fig. 45

Fig. 46

the rivet, and a punch (Fig. 46) is used to drive out the shank of
the rivet.
Testing Rivets. The common tests for the quality of rivets
can be easily performed in any boiler shop. The following simple
tests should be made, and if the rivets are of satisfactory quality
they will show no flaws or cracks:
1. Bend the shank of a hot rivet down upon itself.
2. Bend the shank of a cold rivet around the shank of another
rivet of the same diameter to form a hook.
3. Flatten out the head of a hot rivet till its diameter is 2;
times the diameter of the shank.
Calking of Riveted Joints. To make the riveted joints in
steam boilers secure against the leakage of steam, the edges of the
plates at the joint are hammered together in the process called
calking. 'After riveting a lap joint (Fig. 41) the edge of the over-
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lapping plate is forced down or burred into close contact with the
lower plate with a steel band tool shown in the figure, held usually
at an angle of about twenty degrees. In this position the tool is
struck repeatedly with a hammer till the edge of the overlapping
plate is sufficiently upset to make the joint steam-tight. In the
process of calking the tool is moved along the edge of the plate

Fig. 47
to give the effect of a continuous seam rather than the effect caused
by a great deal of hammering in isolated spots.
To prevent cutting the surface of the lower plate the point
of the tool is usually made slightly rounded, as in Fig. 47. Calking tools with points of this shape are called " round nose " tools.
The one shown in the figure has a well rounded point. The difficulty in the use of this tool is that it is hard to make the first impression on the metal ; and for this reason a similar tool with a
sharper nose is used to start the work. All calking tools are
slightly chisel-shaped. Tools with nearly square-shaped ends are
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sometimes used instead of " round nose " tools, because it is said
that work can be done more rapidly with them. A square-ended
tool is illustrated with the indentation it makes in Fig. 48. When
this kind of tool is used the lower plate is liable to be cut by the
sharp corners, and the portion of the plate between the calked edge
and the rivet is often separated or forced from the other plate, as
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in Fig. 48. Flat-ended tools of various forms are very common
in boiler shops.
If a slight bevel is given to the plates when the edges are
planed, calking is more easily performed.
Careless calking on the inside of a boiler, cutting or forcing
the plates apart, often causes grooving and leaves space for injurious deposits of scale. Fractures of boilers examined after an
explosion are often found to follow the lines of the grooves cut in
the plates by calking.
Fig. 49 illustrates the method and the hand tool used for calking a butt joint. The grooved tool forces together the metal of
the two plates at the joint.
Boiler Tubes. The small tubes (1-1 to 3 inches in diameter)
for tubular and water-tube boilers are not made in the boiler shop,
but as they form such an important part of modern boilers some
space should be taken to explain their manufacture. The boiler
maker buys his tubes cut to the length he desires, and the diameter of the tubes is so accurate that they are not measured before
holes to fit them are cut in the tube sheets.
There are two kinds of tubes in common use: (1) Lapwelded, and (2) cold-drawn seamless. Welded tubes are usually
made from sheets of charcoal iron* cut and bent to form a circular section. Before bending, however, the edges of the plate are
upset to about double the thickness of the original plate. The tube
is bent, of course, so that the upset edges overlap sufficiently, and
is then put into a furnace in short portions of about eight inches
at a time to be heated to a welding temperature. These short
lengths of tube at a white beat are then hammered over a mandrel
till a weld is formed. For this kind of work a mandrel is simply
a cast iron stationary bar or " arm " with a curved top to nearly
fit the curvature of the tubes.
Seamless steel tubes are made from mild open -hearth steel,
which is received from the mills in billets or round bars from three
to four inches in diameter and from eight to ten feet long. These
heavy steel bars are put into a gas furnace and brought to a cherryred heat before they are sawed into smaller sizes suitable for handling in the " piercing mill," where the real making of the tube in
* Charcoal iron is made by using charcoal for fuel hi the blast furnace
instead of coke.
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the rough is started. One of the simplest forms of this machine
is illustrated in Fig. 50. It consists of two cast steel discs A and
B mounted on two shafts of which the center lines lie in the same
plane. The shafts revolve in opposite directions, as indicated by
arrows in the discs. The distance between the faces of the discs
can be regulated by adjusting screws to permit taking into the
machine billets of various diameters.
After the original billet received from the steel mill has been
cut up into lengths suitable for the " piercing mill," these short
pieces are placed in a re-heating furnace and brought this time to
a yellow heat. The " piercing mill " is provided with a guide
designed to support the hot billet while it is fed in between the discs
till its end is caught between the two opposite revolving surfaces.
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the " piercing mill " it will come out with a smooth central hole,
1\ hile its length will be about twice the length when entering. This
hollow billet when still hot is now passed through a set of rolls
like those in rolling mills for making steel beams and other structural shapes, except that each time the hollow billet passes through
the rolls it is fed over the point of a mandrel supported rigidly
between and close up to the rolls. In the tube mill each passage
of the billet through the rolls is called a " pass," and 5 to 8 passes
are required to produce a hollow cylinder or tube of uniform
thickness. After each pass the billet is turned around through
90 degrees in order that the rolling may be well distributed over
the surface. After this rolling the billet is from 4 to 5 times the
original length with which it started through the " piercing mill,"

Fig. 61

Fig. 50
The same principle that carries a belt to the highest part of a
rim of a pulley keeps the end of a billet at the narrowest space
between the discs. The machine takes its name from the piercing
point C shown here inside the hollow tube at the left of Fig. 50.
This steel point pierces through the middle of the advancing billet
at the same time that the discs roll out and make smooth and true
the outside surface of the tube that is forming. The piercing
point is firmly supported at the other end, so that it enters the
center of the billet. This support is not, however, rigid, but allows
the piercing point to take up the motion of the billet as it is revolved by the discs. In order to keep the discs at a temperature
which will not remove their temper they are constantly cooled by
a stream of cold water.
If the billet is not cooled too much in this passage through

and the thickness is inch greater than that for the finished tube.
This thick tube is then cooled to the temperature of the air in the
shop, while one end of the tube is hammered down to a point, so
that this part can be started through a die of smaller diameter than
the tube.
When the tube has been cooled to " room " temperature it is
carried to the pickling room for the removal of scale in an acid
bath in long troughs. The scale results mostly from the heating
before the rolling process, but it is quickly removed in a weak
acid bath, and after a thorough washing in water the tube is ready
for the finishing processes.
The tubes next go through the process called " doping," which
consists in immersing them in a mixture of tallow and flour paste
and afterwards drying in a baking oven. The "doping " process
gives a surface which makes easier the drawing of the tube that
follows. The end of the tube was closed up and pointed before
pickling to prepare it for this process. A die used for drawing
boiler tube is shown in Fig. 51. Into the open end of the tube a
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mandrel M is pushed till it comes up against the closed end.
This mandrel is supported at the end of a long rod R fastened to
the draw bench to hold the mandrel in the proper position with
respect to the die. When the tube is ready for drawing, the closed
end with the mandrel inside is forced into the die D. The pointed
end penetrates to the other side, where a man grips it with a pair
of drawing pliers. Some " toes " attached to the pliers are fastened to an endless sprocket, which is not shown in the figure. The
chain moves along slowly and draws the whole tube through the
die D, each drawing operation reducing the tube in thickness and
lengthening it about 20 per cent, while it makes the inside and
outside very smooth and true. The tubes must be drawn through
the dies several times in order to accomplish a sufficient reduction
in thickness; and after each " pass " the tube must be annealed,
pickled, doped, and dried in the oven.
The number of " passes " required' varies with the size and
thickaesa of the finished tube. Two-inch tubes of the usual thickness require two passes. In the first pass the diameter is reduced
from 2% to 2 inches; in the second from 2A- to 2 inches. One
inch tubes require at least five passes.
After the drawing operation, annealing, cutting to length,
and inspection, the tubes are ready to be sent to the boiler shop.
The dimensions of boiler tubes are given by their outside
diameters, and these diameters are always very accurate. In fact,
the holes in tube sheets are often cut out before the tubes have been
received at the boiler shops. That there is never any difficulty in
fitting the tubes if the holes are of the required size argues well
for the accuracy of the work in the tube mill.
For marine boilers and high-pressure work generally welded
tubes are not accepted. The specifications of the U. S. Navy require cold-drawn seamless steel tubes.
Expanding Boiler Tubes. When the riveting and staying of
the boiler shell has been finished, the tubes are put into the holes
already made for them in the tube sheets. For the ordinary boiler
tubes the holes in the tube sheets should be cut with enough clearance to permit the tubes to slide through easily. Then, after the
tubes are in the proper positions in the boiler, they are securely
fastened at the ends to the tube sheets. This process of fastening
the tubes is called expanding.
There are two common forms of tube expanders. One of these
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tools expands the tube all along the thickness of the tube sheet.
Another form expands the tube inside and outside of the tube
sheet. This second method gives a bearing surface for the tube at
only the corners of the tube sheet (Fig. 52), while the method of

Fig. 52

Fig. 53
expanding all along the length of the hole in the tube sheet (Fig.
53) gives much more strength and is the method now generally
used in boiler shops. The tool is shown in Fig. 54. It consists
of a cylindrical frame F with three steel rollers R for pressing

Fig. 54

against the part of the tube within the hole in the tube sheet. These
rollers move radially in slots and are pressed out by a tapering
rod T. The rollers are allowed to drop into the cylindrical frame
F when the expander is being put in position in the opening of the
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tube. When the tapering rod T is pushed firmly into the frame
the rollers are forced out from the center and they press the metal
of the tube against the surface of the hole in the tube sheet. This
operation is repeated several times, each time revolving the expander so that all points on the surface of the tube are subjected

Fig. 55
to equal pressure. Around the whole circumference of the hole the
tube is thus expanded and securely fastened to the tube sheet.
The form of expanding tool which grips the tube on only the
edge of the hole is illustrated in Fig. 55. It consists of a steel
taper pin and a number of steel blocks or segments held together
with a spring. The outside surface of the blocks corresponds to
the shape of the tube after expansion, while the inside surface

Fig. 56

Fig. 57

forms a hollow cone through which a tapering rod passes. By
hammering on the end of the tapering rod the blocks are forced
apart and expand the metal of the tube around the hole in the tube
sheet. This tool must be handled more carefully than the one
which was first described, in order that the metal may not be injured. For this reason the hammering should be done slowly and
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carefully, while the expanding tool is frequently moved to allow
for possible inequalities in pressure from the different blocks.
Beading Boiler Tubes. After the ends of the tubes have been
expanded they are beaded in order to add to the strength of the
connection. This beading is done with a boot tool shown in Fig.
56 in position after rounding the end of a boiler tube.
This work of beading can also be done, however, with tube
beading machines, possessing some advantages over hand work
because the work can be done more rapidly, and in the end will he
more smoothly finished.
For tLa purpose of protecting the ends of the boiler tubes
from the intense heat of the furnace, ferrules are often attached
to the ends of the tubes in the tube sheet of the combustion chamber. This arrangement is indicated in Fig. 57. A small space is
left at A, so that air is interposed between the ferrule and the end
of the tube. Air is a poor conductor of heat, so that this construction is much better than if the ferrule touched the end of the tube.
Hydraulic Tests of Boiler Shells. Steam boilers should always
be tested by hydraulic pressure before they are taken from the
boiler shop. Hydraulic tests are made to determine the strength
and tightness of the boiler without risking the danger of an explosion that might result if steam were used. Water is practically
incompressible, so that if any point of the boiler shows signs of
rupture or giving way by leaking along a seam the pressure is
immediately relieved. By hydraulic testing, then, defects in materials and in joints are easily discovered without risk of personal
injury or damage to buildings.
A purchaser should always insist that a satisfactory hydraulic
test is made by a competent inspector before a boiler is accepted,
and in the meantime steam pressure should not be permitted in
the boiler.
The hydraulic test is also of much importance to the boiler
maker. It is an infallible method of discovering poor and careless workmanship in riveting. The great pressure which is used
for the hydraulic test will show small leaks at seams that would
not be discovered with steam pressure. The boiler maker has also
learned that these tests give a method of estimating the strength
of irregular shaped surfaces which could not readily be calculated
with accuracy. The data is obtained by observing the stretching
or bulging of surfaces by careful measurements. The cylindrical

432 THE BOILER SHOP AND LAYOUT OF PLATES.
shell of a boiler is stretched so slightly and so uniformly that measurements on the shell are not so useful as on flat surfaces. Careful measurements of the deflection of boiler heads, combustion
chambers, and internal fines give useful information regarding the
working of the boiler under the required pressures.
Old boilers are sometimes subjected to a hydraulic test for
proving the tightness of joints at repaired sections; but the test of
an old boiler by hydraulic pressure must not be accepted as showing that the boiler is safe without systematic examination by a
skilled inspector.
The pressure required for a hydraulic test of a steam boiler
is from 11 to 2 times the rated or working pressure. The water
used for the test should be at nearly atmospheric temperature,
as leakage is then more easily observed. If warm water is used,
the leakage from very small cracks will evaporate and thus escape
detection. The boiler should be completely filled with water ; that
is, provision must be made for the escape of air from the boiler, so
that it will not be compressed and held in the boiler. Air in the
boiler makes pumping more difficult, and some little time is required to compress it. This comrressed air, on the other hand,
constitutes a supply of stored energy comparable to steam under
pressure, which in case of a rupture will expand, increasing the
size of the hole and probably projecting the detached parts with
great force. There are, of course, many small cavities caused by
the overlaps of seams, etc., which cannot be filled, while all water
contains some air in suspension, so that always a certain amount
of pumping is necessary to produce the required test pressure when
all joints are tight. When, however, the required pressure has
been reached, it should be maintained by a few occasional strokes
of the hydraulic pump. The test pressure is usually held on a
boiler for half an hour.
Steam pressure should never be used on a boiler for testing
purposes. It cannot reveal leakage as well, and several explosions
have resulted from this dangerous practice.

THE LAYOUT OF PLATES.
There are two general methods employed in laying out plates
in the boiler shop:
a. The drawings are made to full scale on the plate to to
used and the plates are cut to these lines, no other drawings being
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required. This is the practice most generally employed in large
work and in work which is not likely to be duplicated.
b. The drawings are made on drawing boards or smooth floors
and are then transferred to the plates. There are two methods of
transferring these lines to the plates: (1) By making a templet,
which can be laid on the plate and the lines marked out, following
exactly the lines of the templet. The templet is usually made of
wood or iron. Wooden templets are cheap, but they have the great
disadvantage of shrinking and curving out of true. Wooden
templets for plates are, however, often used and are framed together with narrow strips. If the templets are to be used over
and over again they must be made of iron. They are made of
thin plate of from to inch in thickness, and all parts not
actually in use are cut out to make the plate light and enable the
plater to lift it around easily. These templets are very strong
and are almost indestructible. (2) The second method of transferring these lines to the plate is to use trammels, straight-edge,
chalk-line, compasses, etc. This method is used in the case Of
jobs done singly or work that is not likely to be duplicated.
Almost all work for plating and boiler-making is marked out
to full size before being proceeded with. In the case of standard
work this is not done, as templets are at hand to mark out the
plates. It is necessary to lay out plates to full size, because as in
all engineering work absolute accuracy can be had in no other
way. Absolute accuracy cannot be obtained by mere calculation,
as there is always the probability of a concealed error. Moreover,
the relation of many parts can be seen only on marking out, and
a man can always judge his work better from a full-sire drawing
than from a scale-drawing. By actually laying a plate out to full
size, errors in scale-drawing are often unearthed. In general,
then, it is advisable to lay out work to full size, and in many cases
it is necessary.
The method of marking lines on the plates or boards varies
considerably with the maker and with the class of work being done.
Plates are generally prepared for marking by whitening them.
Chalk is sometimes used for this purpose, but the more permanent
method is to use a solution of whitening which should be allowed
to dry thoroughly.
Boards may either be whitened or painted black. They may
be whitened with either chalk or paint. The white surface is most
28
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suitable for small work, while the black is most generally employed
for large work.
The manner of marking lines depends greatly upon the size
of the work. Those on large drawings are marked with a chalkline when possible. Very long straight lines cannot be marked so
well with a straight-edge as with a chalk-line. The chalk-line
should be firm and even tightly strained, and the lines from it will
then be fine, clear and true. Curved lines are marked with a
trammel or scriber point, and are then set in afterwards with chalk
to make them clearly visible. The lines on small drawings or on
whitened surfaces are marked with a lead pencil or with a scriber
point.
In large work the slightest error in laying down a line is
greatly magnified with the length of the line. When the angular
relations of lines should be very accurate, they should not be laid
down by means of squares or protractors. Geometrical methods
should always be used when that is possible. In small work, where
a slight error does not seriously affect the size of a plate, geometrical methods are not necessary.
Serious error is sometimes made in using a rule in laying
out long lines. In first-class boiler shops a standard rule of from
10 to 15 feet in length is kept for measuring long distances.
Errors in the use of a two-foot rule would be so greatly magnified
in a long line that the whole job may be spoiled.
Centers should always be marked with trammels, compasses,
or dividers, and never with a rule. When marking on a plate, the
centers should always be marked with a center punch. On wooden
boards centers should be indicated with a cross or a circle, so that
they can be observed at a glance. In laying out the plate, circles,
which are to be bored out or drilled, should be so indicated. All
rivet holes intended to be countersunk should be distinguished in
sonic way from the common rivet hole. If this is not done the
common rivets are likely to be inserted, making it necessary to cut
them out later and put in the proper rivets.
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DEVELOPMENT OF PLATES.
A few principles of plate development will be given here with
examples, and by using them the reader can get most any development he desires.

Development of the Cylindrical Boiler. A clear and concise
method of laying out the different plates for a cylindrical boiler
is shown in Fig. 58. The boiler is shown in the center assembled
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and the plates, drawn out to their full developments and true size,
are distributed around it, opposite the places where they belong.
In laying out the development of the separate cylinders, find the
circumference of the cylinders by multiplying the diameter by
3.1416. Lay this out for one dimension and complete the rectangle
by using the length of a section for the other side. Add the necessary metal for laps and joints and the layout of the boiler shell is
complete.
Conic Frustum. The simplest development is 1! :ti of the

I
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of the plate and altitude of the frustum usually make it impractical to use the center method. It could be obtained by calculation,
but the method most generally employed is as follows (refer to
Fig. 60):
Let A-B-D-C represent the frustum which is to be developed.
Determine the circumference of the circles with diameters A-B
and C-D. Lay them down at a distance X-Y apart, and divided
by the center line e-e 1 . Now join A-C and A 1-0 1 . Set a square
to the edge A-C and draw the line C-N. Then set the square to
the edge A. 1-C, and draw the line C 1 -N. Bisect Y-N at D, which

Fig. 59
conic frustum, when the curves can be drawn with compasses
within the limits of the drawing. Referring to Fig. 59,
Let A-B-C-D be the conic frustum. Draw the center line e-e 1
and prolong the sides A-C and B-D till they cross at 0. With 0
as a center and radii equal to 0-C and O-A, describe the arcs C-F
and A-G. On these arcs lay off the distances corresponding to the
circumferences A-B and C-D respectively, then draw the line
F-G-0. The sector A-C-F-G is then the envelope of the frustum
of the cone A-B-D-C, and is the required development.
Telescopic Plates. It is not customary to lay out the development of a conic frustum with reference to the center of a circle
of which the frustum when unrolled forms a sector. The limits

Fig. 60
will be a third point through which the curve C-D-C, must pass.
From D measure a distance D-B equal to X-Y, and the point B
will be the point through which the curve A-B-A, must pass. The
curves can be drawn by bending a strip of wood until its curvature is such that it will pass through the three points without
changing its position. This method of developing a conic frustum is not absolutely accurate, but for all practical purposes is
generally found satisfactory. If the frustum has considerable
slant this method cannot be used, as the error would then be very
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appreciable. If D is placed a trifle closer to Y than to N the
approximation is very close and more satisfactory.
The development does not allow for riveted joints or for laps
of any kind, so that after the development has been made the
necessary material must be added to allow for laps and joints.
If the above methods of determining the development of the
frustum are not sufficiently accurate, the method of the versed
sine can be used and the development made with absolute accuracy.
As the former methods are sufficiently accurate for all ordinary
cases, the versed sine calculation will simply be indicated.
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to be fitted to a curved surface, as in the case of a steam dome on
a cylindrical boiler, the method of developing is shown in Fig. 62.
Draw a section of the circumference of the boiler and the
dome, as shown in (1). Then draw the end view without the lap,
as shown in (2). Now in (3) draw the line M-11 1 equal to the
circumference of the dome cylinder. Divide the dome circumference in any number of equal parts, the greater the number of
parts the more accurate the work. Project the parts, as shown in

0

At

•
(3)

Fig. 61
Let Fig. 61 represent the cone, etc., with the letters noted.
Then V is determined as follows:
Versed sine V equals R—V R2—(+C) 2
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Square the radius R (which can readily he calculated), from this
subtract the square of I the chord C, and take the square root of
the result. Subtract this from R and the result is the versed sine.
After the point D has thus been located, the curve can be drawn,
as before noted, by bending a strip of wood to the required curvature.
Development of a Steam Dome. When a cylindrical vessel is

(2), and divide the line M-31 1 to correspond, drawing the construction lines shown. The plate is now ready for the actual layout
of the dome sheet.
Following the system of lettering, lay out the lines on (3)'
from (2) corresponding to the lines of like letters. Thus, lay out
C-N in (3) equal to C-N in (2), and so on until all the lines have
been laid out. Then draw the smooth curve N-X-N-Z-N, which
gives the development of the plain dome sheet. To this must be
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added enough metal for the lap joint to fasten the dome together,
and also for the necessary lap to fasten the dome to the boiler.
These laps are added to the edges of the sheet, and the final layout
of the plate to its true size is indicated by the dotted lines.
Development of Slope Sheet.
Refer to Fig. 63. The slope
sheet is shown in its position in the boiler and the necessary fig-

1

2
S

b

3

Fig.

63

ures for its development. In part (2) draw the straight line a-b,
and on it lay off the distance a-d equal to large B-C. At a and d
erect the perpendiculars a-m and d-n respectively, equal to A-B and
C D. With f on a-b as a center and a radius equal to d-n, describe
the arc i-e. Divide this arc into any number of parts, the greater
the number of parts the more accurate the developed envelope.
In this case it is divided into three parts at (1) and (2). Project
-
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these points to the line d-n at 1', 2' and d, and draw the lines
1'4", 2'-2", and d-x parallel to the line n-m.
At any point o on the line d-x draw the perpendicular o-p and
describe the arc p-s. We are now ready for the development and
refer to part (3). Draw the line k-1 and lay off twice the actual
length of the arc i-e in six divisions, each division corresponding
to one division of the arc. On the line m-n lay off the distance
p-n equal to p-n from part (2) and p-m equal to p-m from part
(2) ; q-2' equal to q-2' from part (2) and q-2" equal to q-2" from
part (2), etc., using the notation in part (3) to correspond to that
of part (2) until the points d-1'-2'-n-2'-1'-d and x-1"-2"-m-2"-1"-x
are all laid out.
With the point x as a center and a radius equal to a-d,
describe the arcs r, and with the point d as a center and a radius
equal to a-x, describe the arc t, and at the intersection of these
arcs connect with x, which will complete the development of the
plain sheet. Add the part shown by dotted lines for laps, etc.,
and the finished development is the result

REVIEW QUESTIONS.
BOILER SHOP AND LAYOUT OF PLATES.
1. Discuss the layout of a boiler shop. Follow a boiler

through the shop briefly.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Discuss shearing.
Describe one shearing machine.
How are boiler plates planed?
Describe a plate planing machine.
Discuss punching.
Describe a punching machine.
Discuss drilling.
Describe a drilling machine.
Which is better, drilling or punching?
Discuss power required to punch plates.
Discuss plate bending.
Describe a plate-bending machine.
How are plates straightened ?
Describe a straightening roll.
Discuss boiler heads.
Discuss flanging.
Describe a flanging machine.
Discuss welded joints.
Discuss riveted joints.
Which are better, welded or riveted joints?
Discuss riveting machines. The respective advantages

of each.
23. Describe steam riveters.
24. Describe Boyer's pneumatic riveter.
25. What advantages has the hydraulic riveter ?
26. Discuss the strength of rivets.
27. What are the precautions for riveting?
28. What are the methods of testing rivets?
29. Discuss the calking of riveted joints.
30. How are boiler tubes made ?
31. Describe methods of expanding boiler tubes.
32. Describe two tube-expanding machines.
33. Discuss beading boiler tubes.
34. Discuss the practice of making drawings, templets, etc.,
for boilers.
35. What do you know of the method of laying out cylindrical boilers?
36. Develop the envelope of a conic frustum.
37. Discuss methods of laying out telescopic plates.
38. How would you proceed in the laying out of a steam
dome?
39. Describe the development of a slope sheet.
40. Lay out a cylindrical boiler containing a slope sheet and
a steam dome.
41. Discuss the hydraulic testing of boilers.
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Sheet Metal Work.
To succeed in the sheet metal trade to-day, requires not alone
the practical knowledge of sheet metal working, but the technical
education necessary to enable one to become foreman, draftsman,
or superintendent.
While the trade contains many skilled mechanics, some lack
the knowledge required to enable them to lay out their own patterns from the drawings of the various shapes arising in the sheet
metal trade. There is no limit to the various shapes met in practice, and while the shapes differ, the principles which will be explained in this course, can be applied to the various problems,
making that clear and simple, which would otherwise appear intricate. The elementary principles that underlie the art and
science of pattern drafting will be given attention in the following
problems, so that when thoroughly understood, they can be applied
to similar problems, no matter what change the shape may have.
Practical everyday problems will be presented, such as arise in
shop practice, thereby giving the reader knowledge which experience only can bring.

SHOP TOOLS.
The tools required for working sheet metal consist of hammer,
shears, scratch-awl, compass, plyers, prick and rivet punches, rivet
sets for various size rivets, soldering coppers, file, mallet, different
size hand groovers, etc. The above are the necessary hand tools for
making up short lengths of pipes, transition pieces, offsets, elbows,

etc. When pipes are made up in long lengths, they are usually
bent in the brake, and seamed with the giant groovers, run by
power or hand.
When allowing edges for seaming or wiring, the tools to be
used must be taken into consideration, making the required modifications in the patterns so that both pattern and machine will
The machines usually employed are the
work to advantage.
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folder for turning edges, the brake for bending pipes, etc.; the
burring, turning, and wiring machines for elbow work and seaming, various beading machines with rolls having different profiles,
small and large groovers, forming rolls, machine for pieced elbows,
the various limners' stakes, raising hammers, hollow punches,
squaring shears, lever punches, lever shears, etc.

The projections on the slips are placed toward the outside of the
pipe, so as not to interfere with its area. When the pipes or
stacks are made from heavy metal, they are joined by means of
angle-iron flanges, as shown by a-a in Fig. 9, the flanges being
bolted together.
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WIRING AND SEAMING.

O
Fig.2

Fi2.3

CROSS JOINTS.
When allowing for cross seams in piping, care should be taken
to construct the seams or joints according to the size of pipes used.
A small pipe can have a simple slip joint as shown by a-a in Fig.
1, soldering the joint if necessary, while a large joint should be
seamed accordingly. In Figs. 4 and 5 are shown how round and
oblong pipes shown in Figs. 2 and 3 are cross seamed. a-a, in
Fig. 4-, shows the first operation, and b-b, in Fig. 5, the finish.
Figs. 6 and 7 show respectively the sections of square and rectangular pipes, whose cross seams can be joined by any one of the
methods shown in Fig. 8, the strength of the slip b to be governed
by the size of the pipe in use.

In developing patterns for sheet metal work, the patterns are
net ; that is, there is no allowance made for seams or wiring.
After the patterns are developed, laps or edges are allowed according to the kind of seam to be made. In Fig. 10 are shown the
various long seams in use, when seaming or riveting the various
longitudinal seams in cylinders, stacks, etc. Knowing what seam
is to be made, the necessary allowance is added to the pattern.
A, in Fig. 10, shows a lap seam to be soldered, while C shows
the same seam riveted. B shows a standing seam riveted, while
D shows the same seam closed. In seaming large pipes, the
groove or seam F is placed on the inside of the pipe, by using
the channel bar E, into which the groove G is cut of the required size, the seam F laid on same, and closed tight by using
the mallet in the direction of the arrow. This makes the pipe
smooth on the outside.
A

0

c

J4
a

a

a

a

Fig.9

Fis.8
Fi9.6

Fig.?

In the four diagrams A, B, C and D, a represents the lower
pipe, b the slip, and c the upper pipe. The slips b are riveted to
the lower pipes a, before the upper pipes c are placed in position.

When stiffening the edges of any sheet metal body, either one
the
four methods shown in Fig. 11 can be followed, and allowof
ance made to the pattern accordingly.
A shows a hem edge, B the wired edge, C the band edge and D
the angle edge, the metal around the angle iron being closed tight
at F with the mallet.
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When bottoms are placed in metal utensils, they can be soldered, seamed, or re-enforced as shown in Fig. 12, in which A
shows a plain edge, B a double edge, closed as shown by C, or reenforced as shown by H. In re-enforcing this bottom, E has an
edge as shown, which sets over the band iron ring D; the body of
the can is then turned over the ring D as shown by F. Rivets are
then placed through the band iron and three thicknesses of metal,
thus making a strong job. Whatever seam is selected, the. necessary
allowance for laps must be made on the pattern. In very large
work, these seams shown in Figs. 11 and 12 are made by hand ;
but where they can be worked to advantage the machines are used.

until they intersect the lines A B and C D, and on the line D C extended as F G place the stretchout or girth of the profile E, and
complete the rectangle F G II J, we then have the pattern for the
cylinder shown in elevation by A B C D. Obtaining the stretchout F G is the same as if we bad unrolled the cylinder from
F to H G. Now suppose this cylinder were intersected by the
plane 1'-5', and it is desired to obtain the patterns for A B 1'-5'
and 5` D C 1'. Then, having the stretchout of the profile E, it is
only necessary to draw horizontal lines from the intersections 1'2'-3'-4' and 5' and intersect similar vertical lines in the stretchout, as shown from 1° to 5° to 1°. Then, L 1 is the pattern for
L and MI the pattern for•M. It makes no difference whether the
surface 1'-5' is a plane, curved, or irregular, the principles arm

A

IA

* I r.
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THREE METHODS FOR DEVELOPING PATTERNS.

In developing all patterns for sheet metal work one of three
methods are used, viz. : By means of parallel lines, by radial lines,
or by triangulation. In Fig. 13 are shown the principles of
parallel line development, also the rules to be observed in developing any parallel form. In this case we take a cylinder as an example.
Let A B C D represent the elevation of a cylinder whose plan
or profile is shown by E. Now, if we divide the profile E into
equal parts, as shown, and carry vertical lines into the elevation
-

the same. Thus from the above the following rules are established:
(1.) There must be an elevation of the article to be developed, and
directly below it the plan or profile.
(2.) The profile must be divided into equal parts, from which lines are
carried parallel to the lines of the pipe or article intersecting the intersected
line l'—fi' whether it be straight or irregular.
(3.) The stretchout of the profile of the article to be developed is placed
at right angles to the lines of the article as shown by F G.
(4.) From the various intersections on the stretchout line vertical lines
are erected and intersected by horizontal lines drawn from similarly numbered
intersections on the joint line 1'-5'.
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These rules will be applied to all parallel line developments
which will follow. In Fig. 14 the principles are explained for
radial-line development, whether the article to be developed is a
right cone, frustum of a cone, or an intersected cone. This
method of development is applicable to any form of article, whose
base can he inscribed in a circle, the apex of which comes directly over the center of its base, as shown by A in plan and elevation. We shall first consider the right cone A-1'-5', the

plan of which is shown by A, which is divided into equal spaces
as shown. As the apex A in plan comes directly in the center of
the cone as shown by A in elevation, then all radial lines in plan
have equal length in elevation as shown by A-1' and A-5'.
Therefore with A as center and A-5' as radius, describe the
[
arc 5°-5°, upon which place the stretchout of the circle A, as
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shown by similar figures on 5°-5°. From 5° draw a line to A
to 5y which is the pattern desired.
If the frustum of a cone shown by B—C-5'-1' is to be developed, it is only necessary to use A as center, and with A C as
radius, describe an arc cutting 5°—A, and A-5° at C and B° respectively. 5F—B°—C-5" is the desired pattern.
When the cone is intersected by any straight, curved, or irregular plane, as shown in this case by the straight line 1°-5°,
the pattern is obtained as follows: From the various intersections in the plan A erect lines cutting the base of the cone in
elevation from 1' to 5', from which points draw radial lines to
the apex A, cutting the intersected line 1°-5° from 1° to 5'.
From these intersections at right-angles to the axis A—A, lines
are drawn until they intersect the side of the cone A-5' from
1x to 5°. Now using A as a center with radii equal to A— 1x,
A-2x, 31, 4x and 5°, arcs are drawn, intersecting similar radial
lines in the pattern as shown from 5 to 1 to 5. Then B°—C-5
—1-5--B° is the pattern for B C 5° 1° in elevation.
B—C-5 0-1° in diagram X is a reduced reproduction of
similar letters and figures in elevation, showing in diagram X
how this problem can be applied in practice for developing a
conical collar, around the pipe a, passing through a roof having
one inclination.
The principles in triangulation are shown in connection with
Figs. 15 and 16. Fig. 15 shows the plan and elevation of a
transition piece whose base is a rectangle, and top square placed
diagonally. 1-2-2°-1° is the plan of the base, and 5-6-7
—6° the plan of the top. The vertical height of the transition
piece is equal to E 6' in elevation, the elevation of the entire an
tide being shown by A—B-2'—D. From 5 in plan, draw
lines to 1 and 1'; and from 7 draw lines to 2 and 2°. 6 and 6 0
methbaslin ow.Thestnrphe
bases of triangles, which will be constructed whose altitudes are
equal to the vertical height in elevation.
As the top is placed in the center of the base it is only necessary to find the true lengths of the lines 6-2 and 7-2 in plan.
Therefore, take these distances and place then as shown in elevation from 6' to 2' and 7' to 2" and draw lines to E as shown.
E 2" is then the true length of 7-2 in plan, and E-2' the true
length of 6-2 in plan. If the top were not central in plan the
29
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same principles would be used as will be shown in problems which
follow.

PRACTICAL PROBLEMS IN HEAVY SHEET METAL.
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When sheet metal is used which is heavier than number 20
gauge, it is necessary to make an allowance to the stretchout to

4

a.

a.

PLAN

make up for the loss in rolling or bending the material. Some
mechanics add to the stretchout three times the thickness of metal,
while some multiply the thickness of the metal by 3.1416. The
best practice is to multiply seven times the thickness of metal
used. Thus, if we were using metal finch thick, we would add
to the stretchout 7X1 or 14 inches. If no account is taken of
the thickness of the metal, the finished article will measure from
center to center of the thickness of the sheet. Suppose a stack
was to be made whose inside diameter when finished had to be 30
inches; the circumference would be 30X 3.1416 without allowing
for the thickness of the sheet.If
3.141 e+x
fi(n7ch imetal were used, the cir-

cumference would be 30X

Fig.i5

Having found all the true lengths, the half pattern will be
developed as shown in Fig. 16 with seams on a'-5 and 7—a in
plan in Fig. 15. Take the distance of 1°-2° in plan and place
it as shown by 1°-2° in Fig. 16. Now with radius equal to

E-2' in Fig. 15 and with 1° and 2° in Fig. 16 as centers, describe arcs intersecting each other at 6°. Draw a line from 1°
and 2° to 6°. Using 6° as a center, describe the arcs 5 and 7
with a radius equal to 6°-7 or 6°-5 in plan in Fig. 15. Now
with radius equal to E-2" in elevation and 1° and 2' in Fig. 16
as centers, intersect the arcs 5 and 7 as shown. Now with radius
equal to 2°—a or 1°—a' in plan in Fig. 15 and 2° and 1° in
Fig. 16 as centers, describe the arcs a and a', and intersect them
by arcs struck from 7 and 5 as centers and B-2' in elevation in
Fig. 15 as radius, 13-2' representing the true length on the seam
line 7—a in plan. Connect lines in Fig. 16 from 1° to a' to 5
to 6° to 7 to a to 2°, which is the half pattern. While most of
transition pieces have circular tops and bases, the one shown in
Fig 15 presents the principles which will be applied to various

shapes in the problems which will follow.

HALF

PAT Tel:/iv

Fi9.16

When articles are to be constructed from heavy metal and
patterns developed, the allowance for the thickness of the metal
must be equally distributed along the stretchout of the pattern.
This will be explained in connection with Fig. 17, in which is
shown the practical use of a principle well known to draftsmen,
from its application to the proportional division of lines. Let
A represent the profile of the pipe on the inside. Divide this
profile into any number of equal spaces as shown, in this case
eight. Draw any horizontal line as 1 1 in B, upon which place
the stretchout of the profile A as shown by similar figures. Assuming that the cylinder A were to be made from finch metal,
take 7X or 3i inches and place it to the stretchout in B as shown
-
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from 1 to a. From 1 erect the perpendicular 1-1° and intersect it by an arc struck from 1 as a center and 1—a as a radius,
thus obtaining the intersection 1°, from which point draw a line
to 1. Now from the various intersections 1, 2, 3, 4, etc., erect
lines, intersecting the oblique line 1°-1 from 1° to S. This
line then represents the true stretchout to which the thickness of
the metal has been equally distributed and which is used when developing the pattern.

that is required is that part shown by B-1°--I-L Now from the
various intersections (1 to 12) in the profile A, drop vertical
lines, intersecting the miter line B-4° in plan, from 1° to 12°
as shown. On the line B—H extended as 1'-12`, place the
stretchout of the profile A as shown. Through these small figures
1'-12' perpendicular lines are drawn to 1'-12' and intersected by horizontal lines drawn from similarly numbered inter-
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The first problem in heavy sheet metal is shown in Fig. 18,
being a smoke stack cap made in sections and riveted. in practice
the cap is made in any number of pieces, according to the size or
diameter of the stack. If of small diameter less pieces are required than when the diameter is large. No matter how many
pieces are used the rule to follow is shown in Fig. 18.
Draw the half section of the stack and cap shown by A D 0
representing the center line. While the stack is round, the cap (in
this case) will be made in 12 sections, and dropped over the top
of the stack as shown. Notice that an angle iron is riveted to the
top on the inside of the stack as shown at N and the cap is dropped
over this and bolted to the angle iron at P, play room being allowed between the stack and cap as indicated in the section at
11-12 and in plan between the arrow points. Now divide the
profile A into equal spaces as shown from 1 to 12, and from the
point 4 drop a vertical line intersecting the horizontal line B—H
in plan at H. With B as center draw the quarter plan of the
stack E—F, and with B—H as radius describe the quarter circle
H S. As the cap is to have 12 pieces, divide H—S into three
equal parts as shown by L M. Bisect one of these parts as H L,
and obtain 5°, through which, from the center B, draw the miter
line B--1°. Although the quarter plan is shown completed, all
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Ic
sections on the miter line B-4°. Through points of intersec-

tions thus obtained trace the miter line cut R S. Trace R S opposite the line 1/-12' as shown, then will R—S—n—a be the full
pattern for one side. Laps for riveting are allowed as shown by
a—b—c—d—e to n. No allowance was made in this pattern for
the thickness of metal, as in practice it is usual to make the cap
of a lighter gauge metal to allow it to be bent in the brake.
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Fig. 19 shows the method employed when obtaining the pattern for a conical collar to fit around a stack passing through a
pitched roof, also showing how the allowance is made for the
thickness of the metal. Let A B represent the stack passing
through the pitched roof line as shown. Let C represent the
half diameter of the outside of the stack and the inside diameter of the collar through 1-5. Draw the center line
through the stack as shown, and establish 5" on the roof line,
from which point draw a line through 5, intersecting the center
line at F. From F draw a line through 1, intersecting the roof
line at 1". 1-5-5"-1" is then the elevation of the collar,
whose apex is shown at F. Now divide the half-profile C into
equal parts, as shown by the small figures 1 to 5, through which
draw vertical lines cutting the line 1-5 at 2', 3' and 4'. From
the apex F draw radial lines through 2'-3` and 4' until they
intersect the roof line at 2", 3" and 4". From these points horizontal lines are drawn intersecting the side of the cone at 1', 2°,
3° and 4°.
The next step is to find the true stretchout of the profile C,
to which the allowance will be made for the thickness of the
metal. This is shown in diagram D, and is similar to that shown
in Fig. 17. 1`—a in D represents the allowance, and lv-2" one
of the spaces in the true stretchout. As all spaces on the line
1-1v are equal only one space is necessary. Now with F as a
center and F 5 as a radius, describe the arc 5°-5v, upon which
place eight spaces equal to 1v-2v in D, (being twice the number
of spaces shown in the half profile C). From the center F and
through the various divisions on 5v-5v draw radial lines as
shown and intersect them by arcs, struck from the center F, with
radii equal to similarly numbered figures from 1° to 5", resulting
in the intersections 5 1 to lx to 5 1 in the pattern. A line traced
through these points, 5'-5x-5°-5° will be the desired pattern,
with a seam on 5-5" in elevation. Having the seam on the
lower side avoids a leak when the water follows the direction of
the arrow. A flange is allowed to the pattern for riveting against
the stack; flange and rivet holes being indicated by a b c to h in
the pattern.
When heavy metal pipes are to be joined together, and elbows
constructed, the method of making the various joints is shown
in Fig. 20. B A C shows a three-pieced offset, in which the middle

455

h, i, j and m representing

joint A overlaps the pipes B and C.
the rivets.
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One method of joining vertical pipes is shown by D. In
this case an inside flange is riveted to E at b, then the pipe B is
slipped over D and also riveted at a. Another method is shown
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at F. In this case angles are shaped to correspond to the profile
of the pipe 0, and riveted in position as shown by d. In a similar manner an angle is riveted to F at c. Then the joint is made
by placing F over C and bolting the flanges of the two angles as
shown.

u draw s t, which intersect by the vertical line w 1, drawn from

456

the point w, at a horizontal distance from v equal to the diameter
of the pipe. Draw the line t u. As E represents the inside
diameter of the pipe C, allowance must be made to the stretchout
for the thickness of the metal used, before the pattern H can be
iel

When elbows or offsets are joined as shown by B A C, a certain
allowance must be made to the patterns so that they may fit over
each other on the miter line. This is accomplished as shown in
Fig. 21, in which 0--B--A is a reproduction of B—A—C in
Fig. 20; E in Fig. 21 representing the inside diameter of the
pipe C. The first step is to obtain the elevation, with the miter
lines properly drawn as follows: Draw the desired angle v, u, o,
n, and bisect u, o , it by using o as center and with any desired
radius draw the arc m n as shown. With m and it as centers, and
with radius slightly larger than before, describe arcs intersecting
each other at r. Draw a line from r through o indefinitely as
shown. Establish the diameter of the pipe n y, from which erect
the vertical line, cutting r o extended at s. From s parallel to o
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developed. Divide E into equal parts as shown from 1 to 5:
Take a stretchout of E and place it upon the line i 1 in F as
shown from 1 to 1. Take 7 times the thickness of the metal
and place it in F as shown from 1 to e. From 1 erect the
perpendicular 1-1° and intersect it by an arc struck from 1
as center and 1—e as radius. From 1° draw a line to 1, and
erect a perpendicular from 2 intersecting 1°-1 at 2 0. 1°

—
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2° is then one of the true spaces to be used in developing the
pattern for C. Take eight of these spaces from 1° to 2° in F and
place them on the line n y extended in elevation, as 1°-1° in H.
From the intersections in E erect vertical lines intersecting the
miter line o—s as shown. From the divisions on 1°-1° in II,
erect vertical lines, which intersect by horizontal lines drawn
from similar intersections on the miter line o s, resulting in the
miter cut KL. A lap is allowed for riveting at x. This pattern
H also answers for the top piece A in elevation.
To the pattern for the middle piece B, another allowance
must be made to permit the middle piece A, in Fig. 20, to slip
over the upper and lower pieces. Therefore, take another 7 times
the thickness of the metal in use and place it as shown from a to i
in diagram F in Fig. 21. With 1 as a center and 1 i as a radius,
describe an arc, intersecting the line 1-1° extended at 1°. Extend perpendiculars from 2-3, etc; intersecting the line drawn
from 1" to 1 at 2°-3°, etc. Now take the distance from 1° to 2°
and place eight of these spaces on the line 1F-1" in elevation,
which is drawn at right-angles to t s. Through these divisions
draw lines at right-angles to tr—iv and intersect them by lines
drawn at right-angles to t—s from similarly numbered intersections on the miter lines n i and s o. Trace a line through points
thus obtained, then M N 0 P is the pattern for the middle section
B. The laps and rivet holes shown by the dotted lines a b and
c d, are allowed to the pattern, for flanging at h in and j i in Fig.
20. x', in Fig. 21, shows the lap for the longitudinal seam.
When a conical joint is to be placed between two boilers or
stacks, as shown in Fig. 22, in which C is the joint or taper, connecting the large pipe A to the small pipe B, flanges are allowed
for riveting at a a and b b, and the allowance to be made for the

thickness of the metal to the pattern is shown in Fig. 23. Draw
the elevation of the conical joint, as shown by A B C D, making the
section through A—B, the outside diameter of the large pipe, and
the section through C D the outside diameter of the small pipe.
Extend the sides of the cone until they intersect at E, which is
the center point with which to develop the pattern.
Now take the stretchout of the large diameter and place it
as shown from 1' to 1. Make the distance 1'—a equal to 7 times
the thickness of the metal used, and with 1 as a center, and 1—a
as a radius, describe an arc intersecting a vertical line erected
from 1' at r. Draw a line from 1° to 1, and from the various
4Y- - 5-
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divisions on 1,-1, draw vertical lines intersecting I° 1 as shown.
Now with E as a center, and E A and E D as radii, draw arcs as
shown.
Set the dividers equal to the space 1° 2° in J, and starting
from 1' in the pattern, step off 12 spaces on the outer arc as shown.
From B 1 draw a line to E, intersecting the inner are at C'.
1° D Cl B 1 is then the full pattern to which laps have been allowed
for riveting, as shown by the dotted lines.
In Fig. 24 is shown the method of obtaining the patterns for
a steam dome on a boiler, also the opening to be cut into the boiler.
This method is applicable to intersections between pipes of various
sizes, stacks, etc. First draw the section of the boiler A, and on
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its outside diameter draw the elevation of the dome, shown by D.
In its proper position draw the plan B representing the plan of
the boiler and C the inside diameter of the dome. Divide C into
equal parts as shown, from which perpendicular lines are drawn,
intersecting the outside diameter A as shown.

To obtain the opening to be cut into the boiler, no allowance
need be made to this pattern, because the stretchout will be obtained from the outside diameter. Therefore take the stretchout
from 1' to 7' in A, and place it on the line a b in G, which is
extended from the center in C, as shown by similar figures on
a—b. Erect vertical lines as shown, which are intersected by
horizontal lines drawn from similarly numbered intersections in
the profile C, and resulting in the pattern shown by the shaded
part in G.
A flange is allowed to the pattern F, as shown by the dotted
line.
In Fig. 25 is shown how the pattern is developed for a
gusset sheet on a locomotive boiler, when the horizontal section
of the boiler is less than that of the fire box. A B C shows the
side elevation, Cl showing the inside diameter of the boiler C, and
33 1 the inside diameter of the fire box B; a—b representing the
horizontal distance of the gusset sheet. This problem will be developed by triangulation, and the first step is to divide the diameters 13 1 and CI each into the same number of spaces, as shown from
1 to 7 and 8 to 14. Draw solid and dotted lines as shown, which
represent the bases of triangles which will be constructed, whose
altitude will equal the horizontal distance shown from a to b in
side elevation. Therefore in any convenient place draw any line
as 2"—b, upon which place the various distances of the solid and
dotted lines contained in the end view, as shown by similar numbers on the line 2"—b. For example, to find the true length of
2-13 in the end view, take this distance and place it as shown
from 2' to 13' in D. At right-angles to 2`-13' draw 13'-13
equal to a—b in the side elevation. Draw a line from 13 to 2' in
D, which is the true length required.
In this manner all of the true lengths on solid lines are obtained, the distance a—b in A being the same altitude for all
triangles in D, as shown by a—b.
In obtaining the true lengths of the dotted lines, part of the
solid line diagrams in D can be used as follows: For example, to
find the true length of the dotted line 13-3 in the end view, take
this distance and place it as shown from 13' to 3" in D; as the
altitudes of all triangles are similar, draw a line from 13 to 3",
which is the true length of 13-3 in the end view. Obtain all
of the triangles on dotted lines in a similar manner. As Bl and
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Now take the stretchout of C and place it in E on the line 1'
a. Take 7 times the thickness of the metal and place it as shown
from 1 to a. From 1 erect the vertical line 1-1v, and intersect
it by an arc struck from 1' as a center and 1'—a as a radius.
Draw a line from 1" to 1', -which becomes the true stretchout when
vertical lines are erected from 1-2-3, etc., as partly shown by
1"-2". Take the full stretchout from 1° to 1' in E, and place
it as shown by 1" r in F, at right-angles to which drop lines and
intersect them by horizontal lines, drawn from similar intersections on the outside of section A. A line traced through points
thus obtained, as shown by E—F-1"-1° will be the full pattern
for the dome.

—
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Cl represent the inside diameters, diagrams shown by E and F
must be constructed, to which the allowance will be made for the
thickness of the metal, and which will give the true girth used in
developing the pattern.
Take the stretchout of B 1 and place it on 1-1 in E. Add
1—e equal to 7 times the thickness of the metal, and with 1 as a

center, draw the arc e-r intersecting the vertical line 1-1"' at
r. Draw a line from r to 1, and erect a line from 2, obtaining
2v. Then 1°-2" is one of the true divisions. In similar manner
place the stretchout of Cl on the line 8—f in F and in precisely
the same manner as in E, obtain one of the true divisions in F,
shown by 8"-9". Having all of the true lengths, the pattern
is obtained as shown in II with a seam along h—i in A. Take
the distance of 1'-14 in D, and place it as shown by 1-14 in H.
With 1 as a center and 1"-2v in E as a radius describe the are 2
in H, and intersect it by an arc struck from 14 as center and 142" in D as radius.
Now with 8v-9v in F as a radius and 14 in II as a center
describe the are 13, and intersect it by an arc struck from 2 for a
center, and 2`--13 in D as a radius.
Proceed in this manner, using alternately, first the division
equal to 1v-2v in E, then the proper dotted line in D; the division equal to 81'-9v in F, then the proper solid slant line in D
until 8-7 in the pattern has been obtained. Then 1-7-8-14
in H is the half pattern.
If the whole pattern were desired, trace opposite the line
1-14, as shown by 7'-8'. After the entire pattern has been
laid out, laps are allowed as shown by the dotted curved lines, for
flanging and riveting, as shown in diagram X, by m—n and o---r.
When large spheres are hammered from heavy or light copper,
or any other material, they are usually made from horizontal sections or "zones," as shown in Fig. 26, and their patterns are simply
frustums of cones, and are developed by the radial line method as
follows: Draw the circle of the required size using E as center.
Through E draw the vertical center line E F. Divide the semicircle into seven equal spaces as shown, or as many as are required.
Draw the horizontal planes or seam lines as shown by 1-1', a—a',
b-11 and c—c'.
Now draw lines through the points 1 to a, a to b and b to
intersecting the center line E F at F, G and D respectively, which
represents the center points from which the patterns will be struck.
The quarter-section on the plane If-1 is shown by H, while
the quarter-section on the plane b-11 is shown by J. Divide
both these quarter-sections into equal parts as shown from 1 to 6
in H and 7 to 11 in J. How the stretchout of these sections will
be placed upon the patterns will be explained as we proceed.
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For the half pattern for the " zone " A, use F as center and
with radii equal to F—a and F-1, describe the arcs 1 1" and
a—a'. As H represents the quarter-section on the plane 1 1',
and as the arc 1-1" is struck from this plane line, place twice
the amount of spaces in 1-6 upon the arc 1 1" as shown, and
draw a line from 1" to F, cutting the inside arc at a'. a-1-1"
—a' is then the half pattern desired. Now with G as a center,
and radii equal to G b and G a, draw the arcs b —7 and a a".
-

-
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to D2 cutting the inner arc at c'. On the are 7-7°, which represents the plane line on b —11 in elevation, place twice the stretchout of the quarter-section J, as shown in the half pattern for C.
From 7° draw a line to D2 cutting the inner arc at c". The full
pattern for the last zone D is shown by D', which is struck by a
radius equal to o c in elevation. Laps should be added to the pattern for flanging and joining.
When large copper kettles are to be hammered from heavy
sheet copper, no matter what shape or size they may have, the
principles to be employed are those shown in connection with
Fig. 27, in which a full section of a kettle is shown; although in
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As J represents the quarter-section on the plane b-11 and as
the arc b-7 is struck from this plane line, then place twice the
number of spaces in J upon the are b —7 as shown, and draw a
radial line from G through 7 until it intersects the outer arc at
a". a"—a b 7 is then the half pattern for " zone " E.
Now with radii equal to D—c and D—b and using D2 as
center, describe the arcs c'—c" and 7-7°. Draw a line from 7
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practice one half-section is all that is required. First draw the
center line A—B and complete the section of the kettle shown by C
D E. Divide the half-section C D into as many spaces as desired,
as shown by F G and H. From these points draw horizontal lines
F—F', G—G' and 11 1—II. On the planes F—F' and G—Gl.
draw the horizontal sections F 2—F3 and G2—G3. Draw lines
through C F, F G, and G H, intersecting the center line A B at B,
J, and K respectively. For the pattern for " zone " 1 use B as a
center and B F as a radius, and describe the arc b c. Assuming that
" zone 1 is to be constructed in six parts, then place on the arc
b c one-sixth of the circumference of F 2—r, as partly shown in
the pattern for 1. Draw a line from B through b indefinitely as
shown. Take the girth from F, around the beaded edge C, to a,
and place it from b to s in the pattern. Using B as center with
B s as radius, describe the arc shown.
In similar manner obtain the pattern for " zone " 2. Use
as center, and with radii equal to J G and J F, describe the arcs
shown. On the arc F d, which corresponds to the plane F—P,
place the desired fraction of the circumference of F 2—F3.
The pattern for " zone " 3 is obtained by using as a center
and describing the arcs H t and G e. Upon the arc G e, the desired part of the circumference G 2 G3 is placed. 4x represents
the full pattern for " zone " 4, and is obtained by describing a
circle whose radius is equal to DH in section. Sometimes kettles
of this kind are riveted and then brazed, when flanges must be allowed to the patterns as shown by the dotted lines e, d and v.
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When sheet metal of number 20 gauge and lighter is used,
no allowance is made for the thickness of the metal, when developing the patterns; and, as we assume that the metal has
no thickness, we use the net patterns. In the problems which
will follow, the patterns will be developed for articles such as
are used in sheet-metal working shops.
The first problem is that of pieced elbows, three styles of
which are shown in Figs. 28, 29 and 30. All of the elbows
shown are to have 90° when completed.
The first shows a
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U

two-pieced elbow whose section or profile is round, as indicated
by A. It will be noticed that both arms are equal, as shown by
B C F G and C F F D, each being equal to 45° on the line C H.
Fig. 29 shows a three-pieced elbow whose section A is square.
In this case the end pieces B F E and H G B C have one-half
the number of degrees shown by S H G F. Thus the end pieces
have each 2231°, and the middle piece 45°, making a total of 90°.
497

488

LIGHT SHEET AIETAL WORK.

LIGHT SHEET 7AIETAL WORK.

In Fig. 30 we have a four-pieced elbow whose section A is an
ellipse. In this case M G F C and KDEJ contain one-half of
H L II J or L H G M. Thus the end pieces contain each 15°,
and each of the middle pieces 30°. From the above the following
rule is established:

15°, as shown. H E in Fig. 28, L D in Fig. 29 and B F in Fig30 are called the throats.
In obtaining the patterns for any number of pieces in elbow
work, no matter what the degree may be when finished, it is not
necessary to draw the completed elevation, as shown in Figs. 28,
29 and 30. All that is required is to find the degree of the first
miter line, as above described, by using a protractor, as shown in
Fig. 31.
The elbow shown in Fig. 30 will be developed first. As the
rise of the first miter line equals 15°, then, from the center a in
the protractor (A in Fig. 31), draw a line through the 15th degree, extending it indefinitely as shown. On the line a-9 establish the throat a-1, also the minor axis of the ellipse, as shown
by 1-9. From 1 and 9 erect vertical lines intersecting the 15th
degree line at 1' and 9'. If the ellipse were reversed, with the
major axis on 1-9, the pattern would be developed the same as
will follow:
Divide the semi-ellipse E, which has been placed on 1-9, into
equal spaces by 1-2-3 to 9, as shown. From these points erect
vertical lines intersecting the miter line from 1' to 9'. Now take
twice the stretchout of E and place it on the horizontal line H J.
as shown by similar figures 1° to 8°. From these points drop
vertical lines indefinitely. Now, measuring from the line 1-9 in
B, take the various distances to points 1' to 9' and place them on
similarly numbered lines in the pattern for B, measuring in each
instance from the line II J. Trace a line through the points
thus obtained, as shown by IC L. Then ILT L K will be the
pattern for the end piece B, d-e-f showing the laps. For the pattern for the middle sections or pieces shown in Fig. 30, it is only
necessary to trace the pattern 11 J L H, in Fig. 31, opposite the
line H J, which will be the desired pattern
The pattern for the three-pieced elbow, shown in Fig. 29,
requires 22i° for the miter line. Therefore, from a, in Fig. 31,
draw a line through 224° indefinitely as shown. Let a-X represent the throat of the three-pieced elbow. From X erect the
vertical line, cutting the angle of 221° at Y. Then Y I is the
length of the end piece on the throat side, and one-half the
length of the middle pieces. At pleasure establish the point 13,
from which draw the vertical line 13'-b equal to Y I. Draw the
horizontal line b c equal to the width of the square pipe, and from

B

A

Fig.29
No matter what number of degrees the finished elbow will
have the end pieces always count one and the middle pieces
count two. In the three elbows shown in Figs. 28, 29 and 30,
the finished elbows are to be 90°. Following the above rule Fig.
28 has two ends, '1=45°, as shown. Fig. 29 has 2 ends and 1
V

C

Fig.30
middle piece; then 1+2+1=4; 4a =224°, as shown. Fig.
30 has 2 end pieces and 2 middle pieces, 1+2+2+1=6;

409

c erect a line cutting the miter line at 12'. Below b c draw the
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section F of the square pipe (or rectangular pipe, whichever it
may be), and number the corners from 10 to 13. Now take a
stretchout of the section F and place it on the line L M, as shown
from 10° to 10°. Perpendicular lines are drawn from these
points, as shown, and made equal in length, measuring from the
line L M to similarly numbered lines in C, measuring from the
line b-c. A line traced through the points thus obtained in the
pattern for 0, as shown from P to R, will be the pattern for the
end piece. For the middle piece simply trace M R P L opposite
the line L M. h-i-j shows the laps for soldering or seaming.
A 45' miter line is required for the two-pieced elbow in Fig.
28. Therefore, in Fig. 31, draw a line from a through the 45th
degree indefinitely as shown. Assume that the throat of this
elbow is to be equal to a-V. Then from V erect the vertical line VW, cutting the 45th degree line at W. Take this distance W V and
place it vertically from 14' to 14 in D. Draw the diameter 14-20,
and erect 20-20' until it cuts the miter line at 20'. Place the
half-section of the round pipe on the line 14-20 as shown by G,
and divide it into equal spaces, as shown from 14 to 20, from
which erect vertical lines cutting the miter line from 14' to 20'
as shown.
Take a stretchout of twice the semi-circle G and place it on
the horizontal line N 0, as shown by similar figures, from which
drop perpendiculars as shown. Now, measuring from the line
14-20 in D, take the various distances to points on the miter line
and place them on similarly numbered lines in the pattern for D,
measuring from the line N 0, and resulting in the miter cut
S T II, when a line is traced through these points. N S T II 0
is then the desired pattern. /-m-sa represents the laps for joining.
In Fig. 32 is shown how tapering pieced elbows are developed. The developments are shown for a three-pieced elbow,
whose top and bottom diameters are given. This method can be
applied to any size or number of pieces, when the rise and projection are not specified; but where these measurements are given,
this method of development could not be employed, and the
triangulation method, explained in connection with a ship's ventilator in a following problem, must be used. Let B-C-7-1 be
the elevation of the frustum of a right cone, from which a threepieced, tapering elbow is to be cut. 1-7 representing the diameter!
at the bottom and B-C the diameter at the top. Now, using thei
same rule for finding the degree of the miter line,. as was - ex,

471

21,a_iiste
a rilil,ip.

illintillaRti
11, 11

1, !

so so----

ali

1
%**0

4

4$ ... - - 4°.1
. VS
4
....,, "
Oa ..•.---r t 3 I
/
1
!I
.. .
14 II' : 0
MRISSIMM
i
A

I I

II
II
I

111 : I
1

■:

ato
1

H
r la

6.

r4-

lj•

7• ;Er 3 4 9.

1

II9
'

E
13

ir

17i re

I

I

F

5-

1

I I,1/1

t
1

\k„ I
I 4 I. t

it

1 )6 I

I
l

Il

L

1

PATTERN FO R

r o•

Li

11•

PATTERN FOR

P

C
ter-

IN

, le

I ';

Is'

'15.

FP

I.
1
I
I

1
1
I

1
1
I

1

,
i

r

20. 19' lfr

1
/
I

T
1
1

T
t
I

I
i
.
r

I

I

1

1
I

F
1

1

i

1
I

Fi 931 pi. \
■

1

Jr 161
j
1
I

151, '

I
1

i

1
i

I
1

I
i
i
i

1

t

1

e

I
e

n

IV 14'

i
i

I

I

I
i

1
1

0

f
IPATTzPr4 FOlt

D

473

LIGHT SHEET METAL WORK.

LIGHT SHEET AIETAL WORK.

plained in connection with elbow work, we have in a three-pieced
elbow, whose angle when completed will be 90° on the line of its
axis, 1+2+1=4; 1/41 =22r. Therefore, on the line 7-1 ex-

It is now necessary to place this same angle through the
point f, but in an opposite direction. This is done as follows:
With d as center describe the arc i-j. With the same radius,
and f as center, draw the arc m-n, making the distance from m to
n equal to the distance shown from j to i. From n draw a line
through f, extending it until it meets the side of the cone at 1v
and 7v. Having these miter lines in position, the pattern is developed the same as any intersected cone. Place the half-profile
on the line 1-7, as shown, which divide into equal spaces from
1 to 7. From these points erect vertical lines cutting the base line
at 1, 2', 3', 4', 5', 6' and 7, from which points radial lines are
drawn to the apex A, cutting the miter lines from 1° to 7° and
from 1' to 7". At right-angles to the axis A-4', from the various
intersections on 1°-7° and 1"-7", lines are drawn intersecting the
side of the cone C-7, from 7 to 7' and from 7' to 1 respectively.
For the pattern use A as a center, and, with A-7 as a radius,
describe the arc 1-1, upon which place the stretchout of double
the number of spaces contained in the half-profile, as shown by
similar figures on the are 1-1. From these small figures draw
radial lines to A, and intersect them by arcs struck from A as a
center, with radii equal to similar points of intersections on the
side of the cone C-7, thus resulting in the points of intersections
shown in the pattern. Now, with radius equal to A C, draw the
arc C-C' as shown. Then 1-G-F-1 or Z° is the pattern for Z;
G H J F or Y° the pattern for Y, and 114-C-C 1 or X° the pattern for X. a-b-c shows the lap allowed for riveting. Laps
must also be allowed along the miter lines 11-3" and F-G to allow
the seaming of the joints, as shown by a-b and c-d in Fig. 33.
When the patterns in Fig. 32 are rolled up and put together,
the elbow will have the appearance shown in Fig. 33. Note that
e-f-h is a right-angle, X, Y and Z being similar to X,Y and Z in
Fig. 32. It is evident that while Fig. 33 can be drawn from
dimensions obtained in Fig. 32, it would be impossible to draw it
without first knowing these dimensions.
In Fig. 34 is shown how the patterns are obtained for T joints
when the diameters of both cylinders are equal. A is the profile
of the vertical cylinder, and B the profile of the horizontal cylinder. Divide the profiles A and B each into the same number of
spaces, as shown by 1, 2, 3, 4 and 5, and a, b, c, b, a, respectively.
Drop vertical lines from A and draw horizontal lines from B.
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tended, place the protractor as partly shown by D. From the
center D draw a line through the 224°, as shown by D-E. Now,
using the same numeral by which the 90° was divided, namely 4,
divide the axis 4'-h in 4 parts, as shown by d-e-f and h. Through
the first point d, draw a line parallel to D E until it intersects
the sides of the cone at 1° and 7° as shown.

-
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intersecting each other in elevation, as shown. Draw the miter
or joint lines C D E.

e-f-h-i-c shows the lap allowed for
vertical cylinder shown.
riveting or joining. For the opening to be cut into the horizontal cylinder, take the stretchout of a-b-c-b-a and place it on the
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For the pattern for the vertical cylinder take the stretebout
of the profile A and place it on the horizontal line 1'4', as shown.
At right-angles to this line and from the various intersections,
draw lines and intersect them by horizontal lines drawn from the
intersection on C D E, and resulting in the full pattern for the
pnorrLE
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CYLINDER

Fi9.34

center line 3-D extended, as shown from a to a. Through a b c b a
draw horizontal lines and intersect them by vertical lines
dropped from the intersections on the miter line C D E. A line
traced through these points, as shown by the shaded part, will
be the desired opening.
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In Fig. 35 is shown how the patterns are developed for a
leader or conductor head. These heads are placed upon the top

is the same as that in developing an oblique or scalene cone, and is
explained in detail in connection with Fig. 37. Let B represent
the elevation of the offset, whose vertical height is equal to c b,
and whose projection from out to out is equal to a-b. Let 1-7
represent the lower diameter, and 1°-7° the upper diameter.
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of rain water conductors to receive the water from any part of a
roof by means of a connecting tube. Let 2-5-5'-2' represent the
elevations of the leader head, and A B D C the soffit plan. E
shows the elevation of the tube, whose section is shown by E'. It
will be noticed in plan that the head is moulded on three sides
with a flat back, as shown by A-B.
The first step is to obtain the pattern for the front, for which
take the stretchout of 1-2-3-4-5 in elevation and place it as shown
by 1'-2'-3'-4' and 5' on the center line extended. Through these
points draw horizontal lines, and intersect them by vertical lines
drawn from similar points of intersections in the elevation, and
giving the intersections shown in the pattern from 1° to 5°. 1'•
1°-5°-5' is then the half-pattern for the front; trace this half opposite Then 1x-1 0 -5°-5x will be the pattern for the full
front. A lap is allowed as shown at d.
For the pattern for the side take the distance from B to D,
or C to A in plan, and place it in the pattern, as shown from s to
r. Through r draw the vertical line shown. Then w-1°-5°-t: is
the pattern for the sides. The pattern for the back is simply a
reproduction of the elevation, adding laps at m'-n'-e and m, j,
h, f. For the pattern for the bottom piece, to which the tube E
is connected, take a tracing of F-J-H-G- in plan, with the circle
El cut out, adding laps at a-b and c.
When an offset boot is to be developed from round to round,
as shown in Fig. 36, in which a b is the projection from outside to
outside, and b-c the height from bottom to top, the rule to be used
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Fig.36

4Extend the sides of the cone until they intersect each other at A.
On the base line 1-7 place the half-profile of the large pipe as
shown. Divide this into equal spaces, as shown from 1 to 7, from
which points draw lines to the apex Al in plan, which is obtained by dropping a vertical line from A to the line 1-7 ex-
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tended. These lines then represent the bases of triangles whose
altitudes are equal to Ai-A.
Therefore, with A 1 as a center, and radii equal to the various
points in the half-profile, strike arcs cutting the base line 1-7
from 2' to 6', as shown. From these points draw lines to the
apex A, cutting the upper plane 1°-7°, as shown. For the pattern use A as a center, and, with radii equal to A-1, A-2', A-3, 4',
5', 6' and 7, draw arcs as shown. Now set the dividers equal
to one of the spaces in the half-profile, and, starting from 7", on
the arc drawn from 7, step from one arc to another, as shown from
7" to 6° to 5° to 4°, etc., until the opposite point 7° has been
obtained. From these intersections draw radial lines to the apex
A, which intersect by arcs drawn from similar numbers on 1°-7°,
using A as center, and resulting in the points of intersections 7'
to 71 in the pattern as shown. Trace lines through points thus
obtained, then 7 1-7°-7"-71 will be the full pattern, to which laps
are allowed, as shown by e and f.
In Fig. 38 is shown how to obtain the pattern for a hip bath.
First draw the frustum of the cone, as shown by 1-7-8-9, through
which, at pleasure, draw the outline of the top, as shown by the
curve 7-4"-1". In similar manner draw the foot B as shown.
Extend the sides of the cone until they intersect at A; and on the
line 1-7 draw the half-profile 1-4-7. Divide the semi-circle into
equal spaces, as shown by 1-2-34-5-6-7, from which draw
vertical lines intersecting the line 1-7 at 2`-3'-4"-5'-6' and 7.
From these points draw lines to the apex A, cutting the curve 1"-7
at 1"-2"-3"-4"-5"-6' and 7. From these intersections draw horizontal lines cutting the side of the cone 7-8 at 6°-5°-4°-3°-2°
and 1° as shown.
For the pattern for the bath use A as a center, and, with
A-7 as a radius, draw the are 1-1. On this arc set off twice the
number of spaces contained in the half-profile, as shown by similar figures on the arc 1-1. From these small figures draw
radial lines to A and intersect them by arcs struck from the
center A, with radii equal to similarly numbered divisions on
7-8. Thus the are struck with A-4° as a radius intersects the
radial line 4-A, and 4-A at IT and Z. Trace a line through
the points thus obtained, as shown from C to F. Now, with
A-8 as radius, strike the are D E, as shown, intersecting the
radial lines C A and A F at D and E respectively. CD E F 7 is

4$
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then the full pattern for the body of the bath, with laps allowed
at b, c and d.
4
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For the pattern for the foot, extend the sides of the foot until
they intersect at a. Now, with radii equal to a-9 and a-10, and
with a` in diagram X as a center, describe the arcs 9'4" and 10'10". On the inner arc set off as many spaces as are contained.

in the curve D E, in length equal to J E in the pattern for the
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bath, and draw radial lines in diagram X, from a' through 9' and
9" cutting the outer are at 10' and 10" respectively, which com-

intersection line, shown in elevation by 1°-5°, must be obtained.
Draw the elevation of the right cone B C D, and, directly below
it, the half-plan on D C, as shown by F G IL At pleasure locate the position of the cylinder, as shown by the half-plan 1-3-5,
struck from L as center. From 1 and 5 erect vertical lines into
the elevation, as shown from 1° to K and J to 5°. Now divide
the half-profile of the cylinder in plan, as shown by 1-2-34 and 5_
With E as a center, and radii equal to E-1, E-2, E-3, E-4 and
E-5, draw the semi-circles or planes 1-1', a-2', b-3', 04' and 5-5'.
From the various intersections 1' to 5' erect vertical lines cutting
the side of the cone B C at 1", 2", 3", 4" and 5". From these
intersections draw horizontal lines indefinitely, and intersect
them by vertical lines drawn from the points 1 to 5 in plan, and
resulting in the points of intersections 1°-2°-3°-4°-5° in elevation
as shown.
The pattern for the cylinder is now obtained as follows: Extend J K in elevation as 5 1-5', upon which lay off the girth of
double the spaces contained in the semi-plan of the cylinder, as
shown from 5' to 1' to 5'. From these points draw vertical lines,
as shown, and intersect them by horizontal lines drawn from the
intersections 1° to 5° in elevation, and resulting in the intersections 5" to 1" to 5°. Trace a line through the points thus obtained, then 5x-5F-1"-5"-5' is the pattern for the cylinder, to
which laps are allowed as desired.
For the pattern for the opening to be cut in the cone draw
any radial line as B-1"; using B as a center, with radii equal to
B-5", B-4", B-3", B-2" and 'B-1", draw arcs indefinitely as
shown. The points 1A and 5A are in their proper positions. Now
take the stretchout from a to 2 in plan and place it on similarly
numbered arcs in the pattern, as shown from a' to 2" on either
side of the radial line B-1A. In similar manner take the girths
from b to 3 and c to 4 in plan and place them on similar arcs in
the pattern, as shown on either side of the line 13-1", from b' to
34 and c' to 4A. Trace a line through the points thus obtained,
which will be the shape of the opening (shown shaded) to be cut
in the cone.
When a tapering base is placed over a double pitched roof,
as shown in diagram Y in Fig. 40, by Z, the pattern is obtained
by means of radial lines as follows: Let A B C D represent the
elevation of the base, shown by Z in diagram Y, and D E C the
pitch of the roof. On the line A B draw the half-section, and
31
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pletes the pattern for the foot, to which edges are allowed for
wiring and seaming, as shown by the dotted lines, r-m-n.
Diagram A, in Fig. 39, shows a fitting with three outlet'
a, b and c joining the cone A. Before obtaining the pattern, the
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divide one-half of it into equal spaces, as shown from 1 to 4.
From these points, at right-angles to A-B, draw lines intersecting
A B at 2`-3' and 4'. Now extend the sides of the cone until they
intersect each other at F. From F, through the various intersections on A-B, draw lines cutting the roof line E C at 1", 2", 3"
and 4". From these points, at right-angles to F-E, draw lines
intersecting the side of the cone B-C at 2 1, 3v and 4°.

lines indefinitely as shown, and intersect them by arcs struck from
F as center, with radii equal to F-4v, F-3", F-2v and F-1",
suiting in the points of intersection in the pattern, shown by 4',
3 1, 2' and 1'. A line traced through the points thus obtained,
as shown by 4 1D-4x-1141-4°, will be the desired half-pattern with
seam on 4'-4" in elevation. Laps are allowed as shown by a
and b.
Fig. 41 shows (by means of triangulation) how a straight
boot is developed forming, a transition piece from square to
round. These boots are used in heating and ventilating work,
but the principles of obtaining their patterns are applicable to
any similar form. ABCD shows the elevation of the boot,
E F G H the plan on D-C and I J K L the plan on A-B. In
developing work of this kind, where both halves of the article are
symmetrical, no plan view need be drawn, it being here shown
only to make the principle clear. All that is necessary is to draw
the elevation, as shown by 1-1-4-4. On 1-1 place the half-profile
of the round top, as shown by 1-3-1, and on 44 the half-profile
of th3 square base, as shown by 4-5-5-4. Divide the half-profile
1-3-1 into equal spaces, from which vertical lines are drawn intersecting 1-1 at 2'-3'-2'. From these points draw lines to 4
and 4 as shown. These lines then represent the bases of sections which will be constructed, whose altitudes will be equal to
the heights in the half-profiles. Thus, take the lengths of 4-1,
4-2' and 4-3' in elevation and place them on the horizontal line
in M, as shown by similar numbers. From 4 in M erect the
perpendicular 4-5 equal to 4-5 in the half-profile. As 1 in the
half-profile has no height, draw a line from 5 to 1 in M, which
represents the true length of 4-1 in elevation on the finished
article. From 2' and 3' in M erect the perpendiculars 2'-2 and
3'-3 equal respectively to 2'-2 and 3'-3 in the half-profile. Draw
lines from 2 and 3 to 5 in M, which will represent the true
lengths of 2'4 and 3`-4 in elevation.
Knowing these true lengths, the half-pattern is developed as
shown in diagram N, in which 5-5 is equal to 5-5 in the half-profile. With a radius equal to 5-3 in M, and 5-5 in N as centers,
describe arcs intersecting each other at 3. Draw a line from 5
to 3 to 5. Now, with radii equal to 5-2 and 5-1 in M, and with
5-5 in N as centers, describe short arcs, shown by 2 and 1. Now
set the dividers equal to the divisions 3-2 and 2-1 in the halfprofile, and, starting from 3 in N, step to are 2, then to arc 1,
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We shall assume that a seam is to be placed on 4'4" in elevation. Therefore, with F as a center, and F-B as a radius, describe the arc 4°4°, upon which place twice the number of spaces
contained in the quarter section 1-4-4', as shown from 1° to 1°
to 4° in the pattern. Through these points, from F, draw radial
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on either side as shown, obtaining the intersections 2 and 1. Draw
a curved line through 1-2-3-2-1, and a straight line from 1 to 5
on either side. Using 1 in N as a center, with radius equal to
1-4 in elevation, describe the arc and intersect it by an are

When a boot is to be developed, as shown in Fig. 42, which
is called an offset hoot, from rectangle to round, in which the
halves of the plan are not symmetrical, the round top being placed
in the corner of the rectangular base, the method to be employed
in finding the true lengths of the various base lines in plan are
different from those shown in Fig. 41. In this case, Fig. 42, a
plan must be employed from which the base lines can be obtained,
and it should be understood that in developing any irregular
article where neither half is symmetrical a plan must always he
used in a manner similar to that which will be explained in connection with the offset boot.
ABCD represents the plan of the rectangular base, and 1-4-710 the plan view of the round top, the elevation being indicated
by E F G H, whose vertical height equals b-c. Through the
center of the circle a.. in plan, draw the diameters 1-7 and 4-10.
Divide the quarter circles into equal parts, as shown by 2-3, 5-6,
8-9 and 11-12. From 1, 2, 3 and 4 draw lines to the corner A;
from 4, 5, 6 and 7 draw lines to the corner B; from 7, 8, 9 and
10 draw lines to the corner C, and from 10, 11, 12 and 1 draw
lines to the corner D. These lines then represent the bases of the
triangles which will be constructed, whose altitudes are equal to
b c in elevation. Thus to obtain the true lengths of the lines
shown in A 14 in plan proceed as follows:
Take the various lengths of A 1, A 2, A 3 and A 4 in plan
and place them on the horizontal line in J, as shown by A 1', A 2',
A 3' and A 4'. From these numbers in S erect vertical lines
equal in height to b c in elevation, and draw lines from 1, 2, 3
and 4 in J to A. These oblique lines represent the true lengths
of similar lines in plan. In similar manner obtain the true
lengths of the lines shown in B-4-7, 0-7-10 and D-10-1 in plan,
as shown respectively in diagrams K, L and 31, by similar reference letters and numbers.
We shall assume that the seam is to take place along F E in
elevation, shown in plan by 7-d, and that the pattern is to be developed in one piece, as shown in N, in which A D is equal to
A D in plan. With a radius equal to A 1 in j, and A in N as
center, describe the are 1, which intersect by an arc struck from
D as a center and D 1 in L as a radius. Now with radii equal
to A 2, A 3 and A 4 in J, and A in N as a center, describe short
arcs 3 all (1 4. Set the dividers equal to the spaces 1 2, 2 3 and
3 4 in plan, and, starting from 1 in N, step to arc 2, 3 and 4, as
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struck from 5 as a center, with a radii equal to 5-4 in the halfprofile. Draw lines from 5 to 4 to 1, and allow laps as shown
by the dotted lines. 1-4-4-1 then represents the half-pattern.
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shown. Draw a line from 4 to A. Using A as a center, describe the arc B with a radius equal to A B in plan. With a
radius equal to B 4 in K, and with 4 in N as a center, intersect
the arc B as shown. Connect lines from A to B to 4. Now,

step to area 5, 8 and 7, and draw a line from 7 to B. With B c/
in plan as a radius, and Bin N as a center, describe the arc d,
and intersect it by an are struck from 7 as a center and E F is
elevation as a radius. Draw a line from B to d to 7, and allow
a lap as shown. Now, with radii equal to D-12, D-11, and D-10
in L, and with D in N as a center, describe short arcs shown by
12-11-10. Set the dividers equal to the various spaces between
1 and 10 in plan, and, starting from 1 in N, step to arc 12, then
to 11, then to 10, and draw a line from 10 to D. Using D as
center describe the arc C with a radius equal to D C in plan.
With a radius equal to C 10 in M, and 10 in N as a center, intersect the arc C as shown. Draw a line from D to C to 10.
With radii equal to 0-9, C-8 and C-7 in M, and with C in N as a
center, describe the arcs 9, 8 and 7. Set the dividers equal to
the spaces between 10 and 7 in plan, and, starting from 10 in N.
step to arcs 9, 8 and 7, and draw a line from 7 to C. With C
as a center describe the arc d with a radius equal to C d in plan.
With F E in elevation as radius, and, with 7 in N as a center,
intersect the arc d as shown.
Draw a line from 7 to d to C, and allow a lap as shown.
Through the various intersections 7-6-54, etc., draw the curves
7-4-1-10-7, which completes the full-pattern as shownIf the article were large and the pattern not desired in one
but in halves or quarters, the same method would be used as
shown in N, cutting the paper pattern along the lines desired, and
then transferring to the metal sheet.
When Y-branches are constructed which connect two openings to a larger one, as shown in Fig. 43, the patterns are developed by triangulation, as will be described in connection with
Fig. 44. In Fig. 43 A-B-C-D-E-F-G-H represents the elevation
of a Y-branch whose profile through H F is indicated by J-K-L-M,
and whose profiles through A B and D E are shown respectively
by S-T-U-V and N-O-P-R. The joint between the two branches
takes place on the line C G, through which a true profile must
be drawn. This is accomplished as follows:
Knowing that the height is equal to C G, and the distance
through G is equal to K M, place one-half of K M on either side
of G, as shown by G H and G F, and at pleasure draw a curve
through H, C and F, as shown by the shaded profile. As both of
the branches are alike it will only be necessary to develop one,
as this will answer for both. To avoid a confusion of lines

:13

41

LAP

(

Fiu.4
with radii equal to B 5, B 6 and B 7 in K, and with B in N as a
center, describe the short arcs 5, 6 and 7. Set the dividers equal
to the spaces between 4 and 7 in plan, and, starting from 4 in N,

For example, to find the true length of the solid line 4'41'
in A, take this distance and place it on the horizontal line in E,
as shown by 4'-111 From the points 4' and 11' erect the prependiculars 4'4 and 11'-11 equal respectively to 4'4 in B, and 11 ,-11
in C, or 11'-11° in D. A line drawn from 4 to 11 in E will give
the true length. In this manner all of the solid lines in E are
obtained. In precisely the same manner the true lengths of the
dotted lines in F are obtained, as shown by similar reference
numbers in A-B-C and D.

C-D-E-F-G has been transferred to Fig. 44, as shown by 14-1 2:8-11'. In similar manner take tracings of N-O-P, a-L-M and
C-G-H, in Fig. 43, and place them as shown respectively by 1-4-7,
I1f-8-11 and 14-11'-11°, in Fig. 44. Divide the profile B into
as many spaces as are contained in C and D, and number them as
shown from 1 to 7. In similar manner number the spaces in C,
as shown from 8 to 11, and in. D, as shown from 11° to 14. From
V
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the various divisions

in B,

and at right-angles to 1-7, draw lines .
interscg1-7fom2'6.Insilarefomthdi-

visions in C and D draw lines at right-angles to 8-11' and 11'-14,
intersecting these lines from 9' to 13'. Draw solid and dotted
lines in a manner indicated in A. These solid and dotted lines
represent the bases of sections which will be constructed, whose
altitudes are equal to the heights in the profile B, C and D.
The oblique lines in diagram E show the true lengths of the
solid lines in A, while the oblique lines in diagram F show the
true lengths of the dotted lines in A.

Having obtained all of the true lengths, the pattern G is developed as follows: Assuming that the seam is desired along
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1-14 in A, take the distance of 7-8 and place it on the vertical
line in G, as shown by 7-8. With 7-6 in B as a radius, and 7 in G
as a center, describe the arc 6, and intersect it by an are struck
from 8 as a center and 8-6 in F as a radius. Now, with 8-9 in
C as a radius, and 8 in G as a center, draw the arc 9, and intersect it by an arc struck from 6 as a center and 6-9 in E as a radius.
Proceed in this manner, using alternately first the divisions in
B, then the oblique lines in F; the divisions in C, then the oblique
lines in E, until the line 4-11 in G has been obtained.
Now proceed as before, using alternately, first the divisions
im D, then the properly numbered oblique line in F; the proper
division in B, then the proper oblique line in E, until the line
14-1 in G is obtained, which is equal to 14-1 in A. Trace lines
through the points thus obtained in G, then 1, 7, 8, 11, 14 is the
half-pattern; trace this half opposite the line 7-8, as shown by
7-1'-14'-11'-8, which completes the full-pattern as shown. Laps
are allowed for seaming or riveting.
This pattern G answers for both arms shown in Fig. 43 when
they are alike. If the left arm was to have an angle as indicated by the dotted lines H-X-W-C, a new pattern would have
to be developed in a manner similar to that shown in Fig. 44.
The profile through C-Gr in Fig. 43 would remain the same, also
the profile through H-G. A semi-profile would be placed on X W
similar to B in Fig. 44.
Fig. 45 shows how to obtain the pattern for a transition
piece having a horizontal round base and vertical round top, and
is often used as a transition elbow, as shown in diagram X, in
which a is the transition piece, b the pipe joining the horizontal
round base and c the pipe joining the vertical round top. When
joining the round pipes to the transition piece a, they are usually
seamed, as shown at c and d. When developing the pattern, no
plan is necessary if both halves of the article are symmetrical.
Draw the side elevation of the transition piece, as shown by
A, and on the line 1-5 place the half-profile B. In similar manner
on 6-10 place the half-profile C. Divide both B and C into the
same number of spaces, as shown from 1 to 5, and 6 to 10. At
right-angles to 1-5 and 6-10, from the various points in B and
C, draw lines intersecting these lines at 2', 3' and 4', and at 7',
8° and 9'. Draw solid and dotted lines in a manner indicated in
elevation. These lines in elevation and the various heights in
the semi-profiles B and C form the basis with which to construct

the sections in D and E, which show respectively the true lengths
of the solid and dotted lines.
For example : To obtain the true length of the solid line
3' to 8' in elevation, place this distance as shown by 3'-8` in D,
2• r
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from which erect the perpendiculars 3'-3 and 8'-S equal to 3'-3
in B and 8'-8 in C. The distance from 3 to 8 in D is then the
desired true length. In similar manner are the true distances
found for the balance of the solid lines in A, as shown by similar
reference numbers in D. Diagram E shows the true lengths of
the dotted lines in A.
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For example: Take the length of the dotted line 2'-10 and
place it as shown by 2'40 in E. From 2' erect the prependicular
2'-2 equal to 2`-2 in 13. As 10 has no height in the profile C it
remains as shown by 10 in E. A line drawn from 2 to 10 in E
is the desired true length. The balance of the dotted lines are
obtained in similar manner.
While in this problem the semi-profiles are divided into only
four spaces, it should be understood that the more spaces used
the more accurate will be the pattern, because the divisions are
closer. Having found the true lengths, the pattern is developed
as shown in diagram F. Assuming that the seam is to come on
5-6 in A, take the distance of 1-10 and place it on the vertical
line in F, as shown by 1-10. Now, with 1-2 in B as a radius,
and 1 in F as a center, describe the arc 2, and intersect it by an
arc struck from 10 as a center with a radius equal to 10-2 in E.
Now, with 10-9 in C as a radius, and 10 in F as a center, describe the arc 9, and intersect it by an arc struck from 2 as a
center and 2-9 in D as a radius.
Proceed in this manner using alternately first the divisions
in B, then the slant lines in E; the divisions in C, then the oblique lines in D, until the line 5-6 in F is drawn, which is obtained from 5-6 in elevation. A line traced through points thus
obtained, as shown from 1 to 5 to 6 to 10, will be the half-pattern.
By tracing opposite the line 1-10, as shown by 1-5'-6'-10, will give
the full-pattern, to which laps are allowed as shown.
In Fig. 46 is shown the elevation of a transition piece joining
two elbows whose pipes are round. It will be noticed that the
transition piece joins the elbow on their first miter lines 7°4°
and 1 0-7'. The elbows in this case are four-pieced elbows of
90°, and are constructed in the quadrant A-1-1i-7z-7. Having
drawn the elbows and transition piece in their proper positions
as shown, the first step is to find the true profile on the miter or
joint line 1 0-7 0. This is done by placing the given half-profile
on the line 1-7, as shown, and dividing it into equal parts, from
which points lines are drawn at right-angles to 1-7, until they
intersect 1 0-7°, as shown. From these intersections lines are
drawn at right-angles to 1°-7°, making them equal in length to
the various distances measured from 1-7 to points 2-3-4-5 and 6,
thus obtaining the points 2°-3°-4°-5° and 6°. A line traced
through these points will be the true half-profile on the miter
Line 1°-7°.

As both of the elbows are of similar size and throat (7-A
is the throat), then the true profile on 7v-1° will be the same as
that on the line 1°-7°. Having obtained the true profile, and
knowing that the true profile on B C is a circle, we are ready to
find the sections. The patterns for the elbows are obtained as
explained in a previous problem, and can, therefore, be omitted
here.
To avoid a confusion of linos, 7 "-1°-7°-B-C has been transferred to Fig. 47, as shown hy 7°-1-7-8-8°. On 7°-1 and 1-7 a
tracing of the true profile on 1 0 -7°, in Fig. 46, has been placed as
shown by A' and A, in Fig. 47. On 8-8° the semi-circle B is
placed, representing the half-profile. As the four quarters of
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the transition are alike, it will only be necessary to divide the
half-profile A into equal parts, as shown from 1 to 7, and divide
one-half of the semi-profile B into the same number of spaces as
shown from 8 to 14. At right-angles to 8-14', and from the various points in B, draw lines intersecting 8-14' at 9', 10', 11', 12'
and 13'. In similar manner, at right-angles to 1-7 from the
various intersections in A, draw lines intersecting this line at
2', 3', 4', 5' and 6'. Draw the usual solid and dotted lines as
shown, and proceed to construct the diagrams D and E, which
show the true lengths of the solid and dotted lines in C. These
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solid and dotted lines are obtained in a similar manner, as explained in previous problems.
For example: The true length of the line 3'-12' in C is
obtained by placing this distance on the vertical line in D, as
shown from 3' to 12'. From 3' and 12' the perpendiculars 3'-3
and 12'-12 are drawn equal to 3'-3 in the half-profile A and
12'-12 in the half-profile B. A line drawn from 3 to 12 in D is
the desired true length.
In similar manner find the true lengths of the solid and
dotted lines. The pattern is found by drawing any vertical line
in F, as 1-14 equal to 1-14 in D. Now, with 1-2 in the half-profile A as a radius, and 1 in F as a center, describe the arc 2, and
intersect it by an are struck from 14 as a center with 14-2 in E
as a radius. Using 14-13 in B as a radius, and 14 in F as a
center, describe the arc 13, and intersect it by an arc struck from
2 as a center and with 2-13 in D as a radius. Proceed in this
manner, using alternately first the divisions in A, then the true
lengths in E; the divisions in B, then the true lengths in D, until
the line 7-8 is obtained, which is equal to 7-8 in C. A line
traced through the points thus obtained in F, as shown by 1-7-8-14,
will be the quarter-pattern. Trace this opposite the line 1-14, as
shown by 7°-8°, then 7°-1-7-8-14-8° will be the half-pattern with
the seam at 7-8 and 7°-8° in elevation. Laps are allowed in the
pattern F as shown.
Fig. 48 shows how the various sections in a ship's ventilator
are developed. The principles in this problem are applicable no
matter what the profiles at either end of the ventilator or elbow
may be. First draw the curved outline of the side elevation of
the ventilator, as shown by the arcs 0 L and 0 T, which are
struck from the centers b and a respectively. Knowing how
many sections the elbow is to contain, divide the outlines G L
and 0 T into the desired number ; in this case (5), as shown by
the points H, I, J, K and P, Q, R and S. Draw lines from
G to to I to J to K to L; also from 0 to P to Q to R to S to T.
Draw the miter or joint lines H 5, R I, J Q and P K and add
the base tube L 4 N M. This gives us sections A, B, C, D, E
and F.
Draw the profile through M N, as shown by U, in this case
a true circle. Draw the profile through T, as shown by V-WX-Y, in this case an ellipse. Extend the center line of the ellipse
V-X, as shown by V-s. In its proper position draw a duplicate
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of the profile U, as shown by Ul. From the profile U 1 establish
the diameter Z-& in line with II N in side elevation. Bisect
the line G-T in side elevation, and obtain c, from which draw the
horizontal line cutting the ellipse at c' and c", which represents
the minor axis of the ellipse, while V-X represents the major
axis. Now at any convenient place draw a curved line from c'
to Z and from c" to &, which completes the front elevation. The

equal to 0 N and length equal to the circumference of the profile U.
To avoid a confusion of lines take a tracing of GHST and
place it as shown by 1-7-8-14 in A in Fig. 49. On 1-7 place the
semi-ellipse V-W-X, in Fig. 48, as shown by E in Fig. 49. On
8-14 construct the semi-ellipse F, whose semi-minor axis 11'41
is obtained from one-half of d' d" in front elevation in Fig. 48-
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profiles on M N and G T are known, but those on H S, I R, 3 Q
and K P must be found. Therefore, bisect the various miter
lines and obtain d, e, f, h and i. From these points draw horizontal lines cutting the curves Y Z and W &, and obtain respectively the intersections d' d", c' e", f' f", h' h" and i' i". These
distances then represent the minor axis of the ellipses which must
be constructed, whose major axes are shown by the various miter
lines in the side elevation.
The pattern will be developed only for section A, which will
show the principles to be used when developing sections B, C,
and E. F is simply a straight piece of pipe, whose height is

Fig. 49
7

By any convenient method draw the semi-ellipse 8-11-14 in F
in Fig. 49. Divide both the semi-profiles F and E each into
equal spaces, as shown from 1 to 7 and 8 to 14. From these
points, at right-angles to 1-7 and 8-14, draw lines and obtain the
intersections 2', 3', 4', 5' and 6', and 9', 10', 11', 12' and 13'.
Connect the solid and dotted lines in the usual manner, as shown
32
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in A. These lines then represent the bases of the sections to be
constructed, whose altitudes are equal to the heights in the profiles F and E. For example: The length of 10' 5' in A is
placed on the horizontal line in B, and from 5' and 10'; the vertical lines 5' 5 and 10' 10 are erected equal to 5' 5 in E and 10' 10
in F. Draw a line from 5 to 10 in B, which is the true length of
the line 5` 10' in A. In similar manner obtain the true lengths
of the solid and dotted lines.
For the pattern for section A, with a seam on 8 7, take the
length of 1 14 in A and place it as shown by 1 14 in D. With a
radius equal to 1 2 in the semi-profile E, and 1 in D as a center,
describe the arc 2, and intersect it by an arc struck from 14 as a
center and with 14 2 in C as a radius. Now, with 14 13 in the
semi-profile F as a radius, and with 14 in D as a center, describe
the arc 13, and intersect it by an arc struck from 2 as a center and
2-13 in B as a radius. Proceed in this manner, using alternately
first the division in E, then the proper oblique lines in C; the
proper division in the profile F, then the proper oblique line in
B, until the line 8-7 has been obtained in D from 8-7 in A.
A line traced through points thus obtained, as shown by
1-7-8-14 in D, will be the half-pattern. Trace this half-pattern
opposite the line 1-14, as shown by then 8' 27'-1-7-8-11 will
be the full-pattern. In precisely the same manner obtain the
patterns for B, C, D and E in Fig. 48. Be careful to place the
proper section on the various joint lines H-S, R-I, J-Q and P-K.
For example: If the pattern is desired for B, place on the
ling H S a tracing of F in the semi-ellipse F in Fig. 49, because
these two sections, A and B in Fig. 48, join together; and on th ►
line I R place a semi-ellipse, whose major axis is equal to I R,
and whose semi-minor axis is equal to one-half of e'-e" in front
elevation. The semi-minor axis on J Q and K P would be equal
respectively to one-half of f'- f" and le-h" in front elevation. In
constructing these ventilators they are usually riveted, making it
necessary to allow laps for riveting on the various patterns.
In Fig. 50 is shown the rule to follow when developing an
open-top coal hod. First draw the elevation of the body, as shown
by 1'-7'-8'-14', drawing the curve 1' 7' at pleasure. Also draw
the elevation of the foot F, as shown by 8'-A-B-14', and extend
the sides until they intersect at C. In its proper position below
8' 14' draw the plan 0, and in its proper position above the top

of the hod draw the horizontal section through 1'-7', as shown by
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D. Divide the half-profile D into equal spaces, as shown from 1
to 7, also the half-plan 0 into the same number of spaces, as
shown by 8 to 14.
From the various intersections 1 to 7° in D, drop vertical
lines cutting the curved line 1' to 7' at 1', 2', 3', 4', 5', 6' and 7'.
In similar manner, from the intersections 8 to 14, erect vertical
lines meeting the line 8' 14' in elevation at 8', 9', 10', 11', 12',
13' and 14'. Draw solid and dotted lines in elevation as shown.
These lines represent the base lines of the sections shown in
diagrams H and L, whose altitudes are obtained from the heights
in the semi-profiles D and G. The line 7' 8' in elevation shows
its true length on 7° in D, while 1' 14' in elevation shows its
true length on 1 in D.
The true lengths of solid and dotted lines are obtained in
similar manner, as in preceding problems; but, for example, we
shall show how the true length of the dotted line 4' 10' in elevation is obtained. Take the distance 4' 10' in elevation and place
it on the horizontal line in L, as shown by 4'40'. From 4'
and 10' erect the vertical lines 4' 4 and 10' 10 equal respectively
to the distance measured from the line 7° 1 to 4 in D, and from
the line 8 14 to point 10 in G. The distance from 4 to 10 in L
is then the true length of 4' 10' in elevation when measured on
the finished article. The line 8' 14' in elevation lies on a horizontal plane, and G shows its true profile.
As the line 1' 7' is irregular, the divisions in D do not show
their true lengths, and, therefore, a true developed profile must
be obtained as shown in J. On the line 7° 1 in D extended, place
the stretchout of the curved line 7' 1' in E, as shown by similar
figures in J. From these points draw vertical lines, and intersect them by horizontal lines drawn from similarly numbered
points in D. A line traced through points thus obtained in J
will be the half-developed profile desired. Having found the
true lengths and true profiles, the pattern is developed, as shown
by M. Assuming that the seam is to come on 1' 14', take the
length of 7' 8' and place it in M, as shown from r to 8. Now,
with a radius equal to 7v 7' in J, and r in M as a center, describe the arc 7', and intersect it by an arc struck from 8 as a
center and 8'-7 in II as a radius. Now, with 7' 6' in J as a
radius, and 7' in M as a center, describe the arc 6 1, and interBeet it by an arc struck from R as a center and 8'-6 in L as a

radius. Using 8-9 in G as a radius, and 8 in M as a center,
describe the are 9, and intersect it by an arc struck from 6' as a
center and 6-9 in H as a radius.
Proceed in this manner, using alternately first the proper
division in the true profile J, then the proper slant line in L;
the proper division in the semi-plan G, then the proper oblique
line in H, until the line 1v-14 in M is obtained, which is equal
to 1'-14' in E. A line traced through these points, as shown by
7v-1°-14-8 will be the half pattern. As both halves are symmetrical trace opposite the line 7' 8, as shown by 1' 14'. Then
1'-7v-1v-14-8-14' is the full pattern, to which edges are allowed
as shown.
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For the pattern for the foot F in elevation, use C 8' and C A
as a radii, and, with C in Fig. 51 as a center, describe the arcs
A A° and 8 8. From any poi it on the outer are draw a line
from A to C, intersecting the inner arc at 8. On the inner arc
lay off the stretchont of twice the number of spaces contained in
the semi plan G in Fig. 50, as shown from 8 to 14 to 8 in Fig.
51. Draw a line from C through 8 cutting the outer arc at A°.
A-A°-8-8 is then the full-pattern for the base F in Fig. 50.
Edges should be allowed for wiring and seaming.
In Fig. 52 is shown the front elevation of a Y-branch made
from pipes having similar diameters, and which is sometimes
called a rain-water cut-off. First draw the outline which the Y .
1-B1-5. Bisect the angle istohave,wnby1-3CDI
1 B C by using B as a center, and, will any radius describe
the arc a b. With a and b as centers, and any radius, describe
arcs cutting each other in c. From c draw a line through B,
-
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extending it until it meets the bisection of the opposite angle
5 B1- C 1 obtained in a similar manner at E. In similar manner
bisect the angle B C D by means of a d f. From f through C
draw the line f G. On D F place the semi-profile B, and from
F erect F G, meeting f G at G. From G, parallel to C B, draw
G H, and intersect it by a vertical line dropped from E at H. In
precisely the same manner draw M and N. As all profiles have
the same diameters, place on 1 5 the semi-profile A, on D F the
semi-profile B, and on F 1 D1 the semi-profile C. In practice only
half the elevation is necessary.
From the various divisions in A, B and C draw dotted lines,
as shown, interesecting the various miter lines C G, B E, E H,
E B1 and G-1 01, as shown. For the pattern for the inlet L,
place upon the line J K the stretchout of double the spaces contained in A, as shown by similar numbers on J K. From these
points draw the vertical measuring lines, and intersect them by
horizontal lines drawn from similarly numbered intersections on
the miter line B E Et, and resulting in the miter cut shown from
T to U. j-K-U-T is then the full-pattern for L. In similar manner obtain the pattern for N. Place the stretchout of
twice C on 0 P, from which points erect the usual measuring
lines, and intersect them by horizontal lines drawn from the various similar intersections on the miter line G 1 C'. V-O-P-W is
then the full-patter:1 for N, and also answers for the opposite arm
C-G-F-D.
For the pattern for the middle section M, draw the line R S
at right-angles to Bl 0 1, as shown, -upon which place similar
stretchout as on J K. At right-angles and through the points on
R S draw indefinite lines as shown, and intersect them by lines
drawn parallel to R S from similar intersections on the miter
lines G 1 01 and B1 E H. A line traced through points thus obtained, as shown by & Z and X Y, will be the desired miter cuts.
X-Y-Z-& is then the full-pattern for M. To all patterns laps must
be allowed for seaming or riveting.
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Types of Locomotives
American Locomotive Co.'s Classification. The method of

describing locomotives which has become general in this country
is based upon the wheel arrangement of the engine. Beginning
at the front of the engine, the number of wheels in the engine
truck, the drivers and the rear truck are given, each figure being
separated by a dash or hyphen. Thus the well-known Atlantic
type, according to this rule, is spoken of as a 4-4-2 engine, a
Mogul type as a 2-6-0, a six-wheel switching engine as a 0-6-0,
the cipher denoting that no trailing truck is used. There are
always three figures in the designation, and each represents the
total number of the set. The number of wheels in the engine
trucks are given first, then the number of drivers, and lastly the
rear truck. The classification adopted by the American Locomotive Co. is shown in the accompanying table.
In addition to describing the locomotive by its wheel arrangement, the weight and type of locomotive may also be included in the numerical designation. The total weight is expressed in 1,000 pounds. Thus, an Atlantic locomotive weighing
176,000 pounds would be classified as a 442-176 type. If the
engine is compound, the letter C should be substituted for the
dash ; thus, 449-C-176 type. If tanks are used in place of a separate tender, the letter T may be used in place of the dash. Thus
a double-end suburban locomotive with a two-wheel leading truck,
six drivers and six-wheeled rear truck, weighing 214,000 pounds,
would be designated as a 266-T-214 type.
Baldwin's Designation. The Baldwin Locomotive Works use
a somewhat different designation for their locomotives, which,
while not generally understood, is of considerable importance on
account of the large number of locomotives which this fi. m
Each Baldwin locomotive has the builder's number plate attached
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to the sides of the smoke-box directly over the steam chest, except
in small engines, when it is placed on the smoke-box door, or in
some other conspicuous position. This plate contains the name
of the manufacturers, the consecutive construction number of the
engine, and the year in which it was constructed.
The different classes of locomotives are designated by a combination of figures and one of the letters A, B, C, D, E or F.
The letter A indicates that there are no traction driving
wheels, and that the locomotive is driven by gear wheels engaging
in a rack-rail or rails; the letter B indicates that two wheels are
connected as driving wheels; the letter C indicates that four
wheels are coupled; the letter D indicates that six wheels are
connected as driving wheels; the letter E indicates that eight
wheels are connected as driving wheels ; the letter F indicates
that ten wheels are connected as driving wheels.
A figure (4, 6, 8, 10, 12, or 14) is used to denote the whole
number of wheels under the locomotive.
A figure, or figures, following the figures indicating the whole
number of wheels, indicates the diameter of cylinders, viz.:

Titus 8-26 C indicates an eight-wheeled locomotive, having
four wheels coupled, and cylinders sixteen inches in diameter;
8-26 D indicates an eight-wheeled locomotive, having six wheels
coupled, and cylinders sixteen inches in diameter; and 10-34 E,
a ten-wheeled locomotive having eight wheels coupled, and cylinders twenty inches in diameter.
The same rule applies to Baldwin four-cylinder compound
locomotives (Vauclain System). Thus 10-H D indicates a tenwheeled locomotive, having six wheels coupled, a fourteen inch
high-pressure cylinder on each side, and a twenty-four inch lowpressure cylinder on each side.
The addition of the fraction 4 indicates that there is a truck
at each end of the locomotive. Thus 8-261 C indicates an eightwheeled locomotive, having four wheels coupled, cylinders sixteen
inches in diameter, and a two-wheeled truck at each end.
The addition of the fraction A indicates that the engine is on
the " Forney " plan, having the truck back of the fire-box. Thus
8-26 A C indicates an eight-wheeled locomotive, having fourwheeled truck back of the fire-box. 6-28 A C indicates a sixwheeled locomotive, having four wheels coupled, cylinders sixteen inches in diameter, and a two-wheeled truck back of the
fire-box.
The figures following the class designation, as found on every
Baldwin locomotive, give the class number for that locomotive,
and supply an individual designation for it, in addition to the
construction number. Thus 8-26 C 500 means the five-hundredth locomotive of the 8-26 C class.
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FREIGHT LOCOMOTIVES.
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Among the various types of locomotives used for freight service are the Consolidation, or 2-8-0 type ; the Mallet ; the Santa
Fe, or 2-10-2 type ; the Decapod, or 2-10-0 type; the Mikado, or
2-8-2 type; the ten-wheel, or 4-6-0 type; the twelve-wheel, or 4-8-0
type; the Mogul, or 2-6-0 type; the Prairie, or 2-6-2 type; and the
0-10-0, 0-8-0 and 0-6-0 types.
By far the largest number of locomotives in use for freight
service belong to the Consolidation or 2-8-0 type. These are
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either of the simple or compound type, and are equipped with
either the Walschaert or Stephenson link motion. The average
steam pressure carried is about 200 pounds per square inch. The
type of boiler used is either of the Wooten, radial stay, wagon top,
extended wagon top, straight, or Bellpaire design.
Consolidation, or 2-8-0 Type. For freight service requiring
high starting power, a large proportion of weight on driving wheels
is necessary. For road service, as distinguished from yard or
switching work, guiding wheels in front of the leading drivingwheels are desirable. Not only must the power in starting be
high, but hauling capacity must be sustained for long periods.
These factors are available in a wide range of weights and capacities in the 2-8-0 type, which combines them to such an extent as
to give this type the leading position in freight service under present conditions. In general terms it may be called the favorite
type for freight service handled at low and moderate speeds. For
service requiring more than six coupled driving wheels, and yet
which lies within the tractive power possibilities of eight driving
wheels, it is an ideal type. With relatively small driving wheels
and large cylinders, its tractive effort is adapted to starting heavy
trains and working steep grades. It is also a most satisfactory
type for freight service on light rails or poor roadbed. The
weight, being distributed over eight driving wheels, keeps the
load per wheel within the limits of capacity of the rail, while the
total adhesive weight is much greater than could be carried on the
sante rail in a 4-6-0 or 2-6-0 type. Though not generally realm•
mended for what may be termed fast freight trains, under certain
road and traffic conditions, this type with the proper ratio of heating surface to cylinder volume may be used to good advantage in
that class of service, and many Consolidation locomotives are successfully hauling such trains.
The 2-8-0 wheel arrangement, as shown in Figs. 1 and 2,
places a large proportion of the total weight upon the driving
wheels, and provides a leading two-wheel truck for guiding purposes. As large a proportion as 90 per cent of the total weight
has been placed upon the driving wheels of the 2-8-0 type. A
large number of locomotives of this type show an average of 884
per cent upon driving wheels.
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Boilers of sufficient capacity for moderate speeds may be
provided in this type, and the fire-box may be placed over the
driving wheels, if it is necessary, to obtain sufficient width of
grates and ample area for any kind of fuel. This type lends itself
to wide variations in grates and fire-boxes. The relatively small
driving wheels render it nearly as easy to design a wide fire-box
with wide water spaces as in the case of the 2 6 2, 4 6 2 and 2 8 2
types with trailing wheels. To secure a desirable depth at the
front end of the fire-box the mud ring may be sloped downward
towards the front, terminating between the third and fourth pairs
of driving wheels and below the tops of these wheels.
Locomotives of this type have been built with a large variety
of total weights and hauling capacities, the weights ranging from
60,000 to 250,000 pounds, with hauling capacities adapted to
wide variations in road and service conditions.
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the types of Mallet engines in use for freight service all are of
the compound type, equipped with Walschaert valve gears. The
type of boiler used is either of the Bellpaire, straight or conical
type. The name of this type of engine is derived from a French
engineer, Anatole Mallet, who first succeeded in having two small
engines of this type tried on a French railway. These engines
immediately became very popular in Europe on lines with sharp
curves.
The articulated or jointed feature is that with which Mallet's
name is associated. This feature permits of the use of a maximum effective wheel base with a very much reduced rigid wheel
base. The driving wheels are arranged in two sets or trucks, the
front one being constructed so that while its cylinders take steam
from the boiler, and while it carries weight, it is able to swing
under the boiler so as to accommodate itself to curves.
The term Mallet Compound applies only to the arrangement
of the cylinders and driving wheels with separate sets of frames
connected through a hinged joint, and does not include any particular design of compounding as concerns the distribution of
steam. The Erie locomotives, and also the ones on the Baltimore
& Ohio, are compounded on the Mellin system, which employs
an automatic intercepting and reducing valve for admitting live
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steam at a reduced pressure to the low pressure cylinders in starting, and for increasing the pressure in those cylinders at any
other desired time. The locomotives on the Great Northern Railway are designed with a plain system of cross-compounding without intercepting valves or other automatic arrangements, having,
however, a small pipe connection from the boiler to the receiver
pipe, by means of which live steam can be admitted at the discretion of the engineer.
The Mallet Articulated Compound Locomotive has been
known and used in certain mountainous sections of Europe for
several years past; but it has only been recently that it has been
modified and adapted to American requirements. The essential
features are a locomotive with all of its weight on drivers, having
tractive power greatly in excess of any previous American locomotive, and at the same time possessing a certain flexibility of
construction which makes it possible to operate it on roads having maximum grades and curves. It is practically two separate
locomotives combined in one, and advantage is taken of the opportunity to introduce the compound principle under most advantageous and favorable conditions.
This type of locomotive is designed and built to provide the
maximum amount of power which is likely to be required, in
operating over mountain grades, even under extreme conditions.
In a test on the New York Central, on the heavy grade near
Schenectady, N. Y., a train of 83 loaded cars was moved with a
heavy Consolidation locomotive in front and the Mallet Articulated Compound in the rear. The latter locomotive pushed 62
of the 83 cars, showing that it did 75 per cent of the work, which,
under ordinary conditions, would have required the use of three
heavy switching locomotives as pushers.
Comparison of the Mallet Compound Engine with the Consolidation Type. Compared with the heaviest Baltimore & Ohio Consolidation locomotive, the Mallet Articulated Compound shows
90.2 per cent increased weight on drivers, while the total weight
of locomotive is increased only 72.8 per cent; and the heating surface is increased 97.6 per cent.
While the articulated locomotive is looked upon at present
as a bill climber and a " helper," it will be found that it is also a

TYPES OF LOCOMOTIVES.

(A merman Loc omo tiv e Comp any. )

TYPES OF LOCOMOTIVES.

PLANANDELEVATIONOF TILE MAL ', DT ARTICULATEDCOMPOUNDENGINEUSEDON Til E13.

512

TYPES OF LOCOMOTIVES.

valuable locomotive for general freight service. Comparing, for
example, the six-coupled articulated type with the Consolidation,
it will be noted that the distribution of weight is on six pairs of
drivers instead of four, and consequently an increase of about
50 per cent in hauling power is secured. For instance, where the
weight limit on each pair of drivers is 45,000 pounds, for a Consolidation locomotive the total weight of the locomotive would be
about 200,000 pounds, and the tractive power about 41,000 pounds.
With a locomotive of the articulated type of the same weight on
each pair of drivers, namely, 45,000 pounds, there would be a
total weight of about 270,000 pounds, all of which would be
utilized for adhesion, and the tractive power would he about
61,500 pounds, or an increase in power of 50 per cent, with only
35 per cent increase in the total weight of the locomotive and no
increase in the rail pressure per pair of drivers. The division
of the wheel base into two groups, well separated, makes it very
favorable for bridges. It is also easy on the track in curves, as
each group of wheels being independently connected, the rigid
wheel base need not exceed 10 feet for an ordinary freight locomotive. These types of locomotives which have been built so far
in this country are of great power and weight, but the design is
equally well adapted to moderate and even light locomotives. In
fact, the greatest number of this type in use in Europe are of the
latter description, and the same ratio of efficiency obtains with
them as with the heavy locomotives.
Mallet Compound Used on the B. & 0. B. B. The enormous
size of this type of locomotive built for the Baltimore & Ohio
Railroad is realized from Figs. 3 and 4. The weight, in working
order, is nearly 335,000 pounds, and the flues are 21 feet long;
the rear three parts of drivers are carried in frames rigidly attached to the boiler; to these frames, and to the boiler as well, are
attached the high pressure cylinders. The forward three pairs
of drivers are, however, carried in frames which are not rigidly
connected to the barrel of the boiler, but which are in fact a truck.
This truck swivels from a centre pin, located just in advance of
the high pressure cylinder saddle, as may be seen in the half plan,
Fig. 4. The weight of the forward end of the boiler is transmitted to the forward truck and drivers through the medium
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of sliding bearings, which may be seen in elevation. Fig. 3, between the second and third pairs of drivers. In order to secure
the proper distribution of weight, the back ends of the front frames
are connected by vertical bolts with the front ends of the rear
frames. These bolts are so arranged that they have a universal
motion top and bottom, which permits of a certain amount of play
between front frames and rear frames when the locomotive is
curving. The low pressure cylinders are attached to the forward or truck frames.
The steam dome is placed directly over the high pressure
cylinders, and steam is led from the dome down to the outside of
the boiler on either side to the high pressure valve chambers. The
steam, after having been used in the high pressure cylinders, passes
to a jointed pipe between the frames, and is delivered to the low
pressure cylinders, whence it is exhausted by a jointed pipe
through the stack in the regular way.
The back end, Fig. 5, represents no unusual feature other
than the great size of the boiler and fire-box. The section, Fig.
6, shows the method of bringing the steam down from the steam
dome to the high pressure valves, which are of the piston type.
The section given by Fig. 7 clearly shows the sliding support between boiler and front truck. It also shows the method of attaching the lift shafts to the boiler barrel, which is made necessary by the use of the Walschaert, or outside, valve gear. The
section in Fig. 8 shows that the low pressure cylinders are fitted
with slide valves, and also shows (in end view) the jointed exhaust pipe which leads back from low pressure cylinder saddle to
bottom of smoke-box.
Fig. 9 shows the front section of the frame, and Fig. Id its
rear section. These frames are exceptionally heavy and strong,
and the splices are unusually long and well bolted and keyed.
The connecting bolt between the forward frame and rear frame
is shown in part at the rear end of the forward section and in
part at the forward end of the rear section.
Fig. II shows the construction and arrangement of the flexible pipe connections between the high pressure cylinder saddle
and the low pressure cylinder saddle (this pipe connection serving as a receiver) ; also the exhaust connection between the low
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pressure cylinder saddle and the base of the smoke-box. It will
be noticed that the longer pipe is made up of three sections; this
division into parts having been arranged so that the several parts
can be put into place or removed from place without undue
difficulty. The ball joints are ground in, and, as an extra precaution, vulcabeston gaskets are provided; the construction being
such that the gland may be tightened on lo the gasket without
gripping the ball joint. Similarly, slip joints are provided to
cover variat ions in the length, due to carving, etc.

locomotive. This is equivalent to a saving in fuel of 33-3- per
cent on the ton mile basis.
3. That this additional load is hauled by the same effort of
the crew.
4. That a higher tractive power is obtained to the weight per
axle than with the ordinary locomotive, as the chief cause for
slipping, namely, the accumulation of high unbalanced pressure
at the points of wheel and rail contact does not occur at the same
time in both engines.
When one engine starts slipping there
follows a reduction in unbalanced pressure, and it regains thereby
its grip on the rail without making it necessary to shut off, or
even throttle, the steam supply. The other engine, meantime,
has been gaining power, and thus preventing any loss of speed and
consequent stalling of the train at a critical moment. These conditions are the same whether the slipping occurs with the high
pressure or the low pressure engine, and have been amply proved
in practice. The most frequent cause for stalling with the simple
locomotive is thus overcome.
5. That all the weight of the locomotive is utilized for tractive purpose.
6. That the shorter rigid wheel-base offers less resistance in
curves, and is in consequence easier on the track.
7. That a reserve power of about 20 per cent above the normal power of the locomotive is obtainable by turning live steam
into all the cylinders and running the locomotive simple, which can
be done at the will of the engineer when the conditions require it.
8. That the running gear and the various parts of the machinery in general are much lighter and more accessible for attention and repair.
The first locomotive of the Mallet type to be built in this
country was constructed in 1904 for the Baltimore & Ohio Railroad. At that time the design was looked upon with considerable
suspicion by many railroad men. However, after being exhibited at the St. Louis Exposition, the locomotive was put into pushing service on the mountains, and within a comparatively short
time proved to be a complete success in every respect.
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FLEXIBLE PIPE CONNECTIONS USED ON MALLET COMPOVXDS.

Fig. 11 also shows, in section, the sliding supports between
boiler and front truck, and, incidentally, the direct exhaust from
high pressure cylinders to stack when the locomotive is being run
Advantages of the Mallet Compound. The advantages of the
Mallet Articulated form of construction and compounding over
the simple locomotive may be summarized as follows: •
1. That about 50 per cent more load can be hauled than
with the ordinary simple locomotive having eight driving wheels
and the same weight per axle.
2. That in heavy work 50 per cent additional load can be
hauled with no increase of fuel over that consumed by the simple
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pletion, at the Schenectady Works of the American Locomotive
Company, of three Mallet Locomotives for the Erie Railroad.
These locomotives each weigh 409,000 pounds, all of which comes
on the eight pairs of drivers. They have a boiler measuring 84
inches outside diameter at the front end, containing 21 ft. tubes
and a 4 ft. combustion chamber, and a fire-box with 100 sq. ft.
of grate surface, in which soft coal is burned. The tractive
effort operating as a compound is 94,800 pounds. The locomotive
and tender measure nearly 85 ft. in length over all. It is nearly
154 ft in height, and has a width of 11 ft. at the low pressure
cylinders. This locomotive, while exceeding the Baltimore &
Ohio engine by 65,000 pounds in weight and nearly 24,000 pounds
in tractive effort, is of practically the same design in all its essential details.
While the Erie Mallet engines shown in Fig. 12 are of a
weight and size which a short time ago would have been considered practically impossible for a locomotive, they cannot really be
looked upon as experimental, as they are now in successful operation. They are used in pushing service between Susquehanna and
Gulf Summit, where the ruling grade is 1.3 per cent. Having a
tractive effort of nearly 95,000 pounds, they are capable of handling about 2,600 tons, exclusive of the locomotive, on this grade.
In spite of the fact that this locomotive weighs 409,000
pounds, it has a weight per driving axle which is less than many
large freight locomotives now in service, and less than any previous Mallet Compound locomotive, except ones for road service
on the Great Northern Railway. One of the features of greatest
advantage of the Mallet type is that an enormous amount of power
can be centered in one machine, which will be capable of operating over the same track that other heavy freight locomotives use.
The boiler is of the radial stay type, with conical connection
sheet, the inside diameter of the first ring being 82 inches and that
of the largest course being 96 inches. The heaviest ring of the
shell is 1 3-16 inches thick. A steam pressure of 215 pounds is
carried. The tubes, of which there are 404, are 21 ft. long, and
are 2} inches in diameter. This length of tube, taken in connection with the 4 ft. combustion chamber, places the front tube sheet
25 ft. from the fire box, a figure which has never before been
-
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equalled in locomotive service. The combustion chamber itself
is radially stayed from the shell of the boiler, and is provided with
ample water space on all sides. The mud ring is 5 inches in width
at all points, and the crown sheet has a slope of 5 inches from its
connection with the combustion chamber to the door sheet. The
dome is placed about central in the length of the boiler, since the
locomotive is to operate in either direction and on heavy grades.
The boiler of the Erie engine is fitted with a 4 ft. combustion
chamber, which considerably reduces the amount of total heating
surface in comparison with its size and grate area. The indications, from the service already given by combustion chamber locomotives, are that the efficiency and the power of the boiler are not
reduced by this installation, and hence the ratios of but 53 sq. ft.
of heating surface per sq. ft. of grate area, and of but 222 sq. ft.
per cubic ft. of cylinder volume, do not really indicate that the
boiler is not of sufficient size as compared with those of the other
designs.
Owing to the extreme width of the fire-box, the cab is placed
over the boiler shell near the front, and hence all the controlling
apparatus, injectors, etc., are located on the righthand side. The
injectors feed through a double check valve located on the center
line of the boiler, but a short distance back of the front tube sheet.
The high pressure cylinders, which have a diameter of 25
inches and a stroke of 28 inches, are very similar to those used
on the Baltimore & Ohio locomotive. They are cast in pairs with
saddles, the separation between the two cylinders, however, being
81 inches to the right of the center. This permits the intercepting
valve to be placed in the kith and cylinder casting, and also gives
room for the connection to the receiver pipe. The exhaust steam
from the right cylinder continues from the passage in its saddle
to an outside U-shaped pipe connecting to a passage in the lefthand cylinder casting, which leads up to the intercepting valve
chamber, into which the exhaust steam from the left cylinder
also passes. From this point the exhaust steam passes to a 9-in.
receiver pipe extending forward between the frames to the low
pressure cylinders. An extra exhaust connection is provided in
the side of the left cylinder casting, which has a 41 inch pipe
leading to the exhaust pipe in the smoke-box. This connection
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is made by a pipe having universal joints in a manner similar to
the receiver pipe. The construction of the receiver pipe is such
as to perMit free movement of the joint frames in all directions,
it being fitted with a ball joint at either end and a slip joint near
the forward end. It is arranged to permit the locomotive to pass
around 16-degree curves. The low pressure cylinders are east
in pairs, the connection to the receiver pipe being made through a
Y-shaped casting connecting at the back to the cored passages in
the cylinder. The exhaust is carried through an elbow located
on top, and in the center to a short-pipe with universal joints leading to the exhaust pipe in the front end.
The high pressure cylinders are fitted with piston valves having internal admission, while the low presSure cylinders, which
are 39 inches diameter and 28 inches stroke, have balanced slide
-valves, with external admission. The valve gear, which is of the
Walsehaert type, is so arranged that the return crank leads the
pin in both sets, and hence the block is at the bottom of the link
for the go-ahead motion for the low pressure cylinders, and at the
top of the link for the high pressure cylinders. In this way the
weights of the two valve gears counterbalance each other. The
operation of reversing is further assisted by a pneumatic reversing device, which is connected to the reverse lever and consists of
two cylinders, one of which contains oil under pressure for locking the device in any desired position, the other cylinder being
the air cylinder. The operation of this device is controlled from
an auxiliary reversing lever in the cab.
In the construction of the east-steel frames, the articulated
connection between the two groups is made by means of a hinge
joint, which is formed in the castings secured ahead of the high
pressure cylinder. The vertical bolts connecting the upper rail
of the front group with the lower rail of the rear group are fitted
with ball joints to permit free movement of the two frames relative to each other, and are provided for holding the frames in line
and preventing binding on the hinged connection.
The weight of the boiler, extending beyond the high pressure
cylinder saddle, is transferred to the front set of frames at two
points, which are normally in contact, and two other points, which
will come into contact under unusual conditions. The one which
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carries the largest amount of weight has a self-adjusting sliding
bearing, and is located between the third and fourth pairs of
drivers. This bearing permits free movement in all directions
in the horizontal plane, and also includes a safety connection,
which prevents the frames from dropping away from the boiler
in case of any derailment. There is also a similar safety connection provided at the front end of the boiler between the guide yoke
casting and the exhaust pipe below. The other support between
the boiler and frames is located between the second and third pairs
of drivers, and consists of two vertical columns located just inside the frames, and fitted with ball joints at either end. The
upper end takes a seat in projections on the casting fastened to the
boiler, and the lower end seats in castings having one end hinged
below a frame cross-tie across the lower rails.

The Mallet Articulated Compound Engine, or 2-6-6-2 Type,
Used on the great Northern R. R. Two other designs of the same
type have been brought out in this country, both being for the
Great Northern Railroad, one designed for pushing service and
the other for regular road service. They were built by the Baldwin
Locomotive Works. These engines, however, differ from the two
designs just mentioned in having two-wheeled trucks front and
rear, making them of the 2-6-6-2 type, as shown in Fig. 13.
While they have been in service a comparatively short time, the
evidence is sufficient to show that they are successful for the service in which they are used.
The Twelve-wheel, or 4-8-0 Type. This type of engine is also
considerably used for freight service, particularly on the Norfolk
& Western Railway. Both the Walschaert and Stephenson valve
motions are used with this type.
The average proportion of weight on the drivers of a twelvewheel locomotive is 81 per cent. Comparing this with the Consolidation type, it is found that the twelve-wheel type has 8 per
cent less weight on the drivers than the Consolidation type, which
utilizes 89 per cent ; so that on roads which have a suitable line for
the operation of Consolidation locomotives the Consolidation type
has the decided advantage. In comparing the two types, it should
not be forgotten that the twelve-wheel type permits a longer boiler
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and longer flues, which allows the same amount of heating surface
to be obtained with a smaller number of flues and wider bridges.
The twelve-wheel types of locomotives used on the Norfolk &
Western Railway, shown in Fig. 14, weigh 204,000 pounds, of
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Fig. 14.
TWELVE WHEEL OR

4-8-0

TYPE FREIGHT LOCOMOTIVE USED ON

TILE NORFOLIC & WESTERN RAILWAY.

which 165,800 pounds are on the drivers. The locomotives are
arranged with a continuous driving equalization on each side, and
the second pair of wheels, being the main drivers, are fitted with
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plain tires, the others being flanged. The main wheels have cast
steel centers and the others cast iron.
The cylinders are 21 inches diameter and 30-inch stroke, and
are equipped with 12-inch inside admission piston valves. The
boilers are of the extended wagon top type, and carry 200 pounds
pressure. The longitudinal seams are welded for 9 inches at
each end, and are sextuple-riveted with double welt strips. The
crown sheet is radially stayed, with one T-iron at the front end.
Flexible stay-bolts are used throughout the breakage zone. The
ash-pans are of the hopper type, with cast iron bottom slides operated by an air cylinder, and 'are equipped with sprinkler pipes
supplied with water from the injector overflow.
The Santa Fe, or 2-10-2 Type. This type of engine has also
been used extensively for freight service, especially on the Atchison, Topeka & Santa Fe Railroad, from which fact it derives its
name. On this road the 2-10-2 type is of the tandem-compound
construction. As used on other roads they are generally of the
simple type, one engine of this type as used on the Pittsburg,
Shawmut & Northern Railroad being shown in Fig. 15. This
particular engine is distinctive for a number of reasons, among
which are: it was the thirty-thousandth locomotive turned out
by the Baldwin Locomotive Works; it was the heaviest simple
engine ever built; it has the largest simple cylinders ever applied
to a locomotive; it has a smoke-box superheater, and it operates
at comparatively low steam pressures.
The simple cylinders are 28 by 32 inches, which are equipped
with balanced slide valves operated by the Walschaert valve gear.
The boiler is of the extended wagon top type, being about 79
inches in diameter at the front ring and 86 inches at the dome
course. There are 391 tubes in the barrel, each 20 feet long and
2-4 inches in diameter. This engine is equipped with a Baldwin
superheater, described elsewhere in these volumes.
The Decapod, or 2-10-0 Type. This type of engine is also used
extensively in the freight service, and is made in the simple and
tandem compound types, with both the Stephenson and Walschaert valve gear. The boiler may be either of the conical or
wagon top type. A recent type of Decapod engine used on the
Buffalo, Rochester & Pittsburg Railroad is shown in Fig. 16.
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These engines are intended for pushing service, and are the
heaviest simple locomotives ever built by the Brooks Works of
the American Locothotive Co. They are exceeded in weight and
power by but one other simple locomotive, which is of the Santa
Fe type, and is shown in Fig. 15.
They have 24 by 28-inch cylinders, 52-inch drivers, and
carry a steam pressure of 210 pounds. This gives a theoretical
tractive effort of 55,350 pounds, giving an adhesive ratio of 4.48.
The steam is distributed by outside admission slide valves driven
by the Walschaert type of valve gear. The valve gear link is supported by a special shaped casting secured to the ball of the guide
yoke, and the reverse shaft is carried in bearings hotted to the top
of a east steel cross tie located between the second and third pairs
of driving-wheels. This permits of the direct connection of the
reverse shaft arm with the radius bar.
One of the interesting features of this design is the use of a
combustion chamber in the boiler. The results in the way of a
reduction in boiler troubles obtained by the use of the combustion
chamber on the Northern Pacific Railway have been most satisfactory, and the introduction of the combustion chamber in these
engines shows evidence of an increasing belief in its advantages
for wide fire-hex engines burning soft coal. The advantages
claimed are, that. it removes the tubes from the hottest part of the
fire, thereby decreasing flue leakage ; adds to the heating surface
of the fire-box; and gives a largely increased fire-box volume, which
tends towards better combustion. In these engines the combustion
chamber is 3 feet long and is stayed to the shell of the boiler by
radial and sling stays on the upper section and by radial stays on
the sides and bottom, bracing rods being also attached to the
bottom and extending forward to the waist to add stiffness. Ample
clearance between the combustion chamber and the shell of the
boiler is provided to furnish good water circulation,
The boiler is of the conical wagon top type, 80 inches in
diameter at the front, and has a total heating surface of 3,535.5
square feet, of which the tubes contribute 3,280 square feet and
the fire-box the remainder. The tubes are two inches in diameter,
and 15 feet 6 inches long, there being 404 in the barrel of the
boiler. The introduction of the combustion chamber, of course,

reduces the amount of tube heating surface. But the experience
of the Northern Pacific Railway indicates that the increase in
fire-box heating surface more than offsets this loss, it being found
that engines with combustion chamber and less actual heating surface steam fully as well as those without combustion chamber and
more heating surface.
The Mikado, or 2-8-2 Type. This type of engine is also extensively used for freight service, particularly on the Northern
Pacific Railroad. It is made in both the simple and tandem compound types, with either the Stephenson or Walschaert valve gear.
The boiler is usually of the extended wagon-top type.
Ten-wheel, or 4-6-0 Type. The 4-6-0 is a most excellent type for
what is known as fast freight service, involving trains of moderate
weight and high speed. Although the 2-8-0, or Consolidation
type, is sometimes used in this class of service, the 4 - 6 - 0 type, as
shown in Figs. 17 and 18, with the same number of wheels and a
greater capacity for high speed, is usually considered the better
type for such traffic. With driving-wheels from 63 to 69 inches
in diameter, the 4-6-0 locomotive may be used interchangeably in
fast freight and passenger service, and this type is, therefore,
sometimes referred to as the " All-round " type.
Before the introduction of the 4-6-2, or Pacific type, the
4-6-0, or Ten Wheel type, was more generally used than any other
for heavy and fast passenger service. Passenger traffic which
requires a tractive effort of six-coupled driving-wheels and demands a boiler capacity that cannot be provided on ten wheels requires the 4-6-2 type. But there yet remains a relatively large
field for the 4-6-0 type in passenger service where the steam requirements are not too great. The 4-6-0 provides a greater hauling
capacity in proportion to the total weight than the 4-6-2 type, and,
for this reason, it is a more economical and efficient type for
passenger service where conditions do not require the greatest
capacity for sustained speed.
In a large measure the diameter of the driving-wheels becomes a limitation to the 4-6-0 type in passenger service, because,
with driving-wheels over 73 inches in diameter, this type does not
lend itself readily to a design of deep fire-box other than one placed
between the driving-wheels. In many eases, however, 4-6-0 loco34
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motives have been built with wide fire-boxes over driving-wheels
of 69 inches diameter. When the fire-box is carried over the driving-wheels, a sufficient depth of throat sheet for ordinary conditions is secured by sloping the mud-ring downward towards the
front end between the second and third pairs of driving-wheels.
The 4-6-0 lends itself readily to a Wooten type of fire-box, and is
the favorite type of heavy passenger engine where anthracite coal
is used as fuel.
Locomotives of this type have been built in designs ranging
in weight from 60,000 to 200,000 pounds, with hauling capacities
adapted to a variety of road and service conditions.
The Chicago and Northwestern Railway uses the simple tenwheel type exclusively for freight service, and the locomotive
equipment of this road differs from every other large railroad in
the country in that it does not have any locomotives of the Consolidation type. The work usually performed by the Consolidation locomotive is taken care of on this road by ten-wheelers,
most of which are equipped with the Stephenson link, although the
later types are equipped with the Walschaert valve gear. A large
number of other roads use the ten-wheel locomotive for heavy
passenger and fast freight service.
Moral, or 2.8-0 Type. Before the increasing requirements of
heavy freight service resulted in the development of the 2-8-0, or
Consolidation type, the 2-6-0, or Mogul type, as shown in Figs. 19
and 20, was more generally used than any other in this class of
service.
In selecting the type of locomotive for any service, it is profitable, from the standpoint of economy of repairs, to use the minimum number of driving-wheels possible within the limits of the
necessary tractive power. Although for freight service, involving the hauling of very heavy trains on steep grades, the 2-8-0,
or Consolidation, type is required, there is a large field for the
Mogul type in freight service vliere the requirements are not too
severe. For freight service on comparatively level roads or on
heavy rails, where a large load per axle is permitted, sufficient
hauling capacity may be provided in this type to meet ordinary
requirements. While not generally recommended for what may
be called fast freight service, this type is sometimes used in this
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class of service, and many Mogul locomotives are successfully
hauling such trains.
The 2 670 wheel arrangement pros-ides a two-wheel leading
truck with good guiding qualities, and places a large percentage of
the total weight on the driving-wheels. A large number of locomotives of this type show an average of 874 per cent. of the total
weight effective for adhesion.
Boilers with sufficient capacity for moderate speeds may be
provided in this type, and, with relatively small diameter of driving-wheels, it lends itself readily to wide variations in grates and
fire-boxes. When necessary, the fire-box may be placed over the
driving-wheels in order to obtain ample grate area for any kind of
fuel. By sloping the fire-box down at the front end between the
second and third pairs of driving wheels, sufficient depth of throatsheet may be obtained for ordinary conditions.
Locomotives of this type have been built in designs ranging
in weight from 32,000 to 187,000 pounds, and with hauling capacities adapted for a great variety of road and service conditions.
The Vandalia Lines use Mogul locomotives which are the heaviest
of their types built.
The Prairie, or 2-6-2 Type for Freight Service. The Prairie
type is a favorite on some roads for freight service, particularly
the Wabash Railroad, on which are a number with 70-inch drivers, as shown in Fig. 21, and intended for high speed freight
service, and a number with 64-inch drivers for low speed freight
service. In all other respects, except the diameter of the front
truck wheels, the two classes are alike. The high speed engines
have a tractive effort of 32,000 lbs., and the low speed 36,000 lbs.
This type is a development of the Mogul type, and it allows a
large boiler capacity, larger cylinders and grate area. It gives
large adhesive weight, and the trailing wheels allow wide and deep
fire-boxes. As used on the Wabash locomotives, the boiler is of the
extended wagon-top type, 70 inches outside diameter at the front
flue sheet, and 79-1, inches at the connection to the fire-box. The
front flue sheet. is secured in a ring of 1-inch plate, to the interior
of which is also fastened the front barrel sheet. The Finch
smoke box sheet is riveted to the outside of this ring. The flue
sheet is set 31 inches from the center line of the stack, and 74
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inches from the forward end of the smoke box. The flues, of
which there are 301 2f-inch, are 19 feet long, and give a heating surface of 3,368.5 sq. ft. The fire-box is of the radial stay
type, with one T-iron sling stay support at the front end. Flexible staybolts are used in the breakage zones along the top and
corners of the side sheets and in the throat sheet. The back head
is vertical to the top of the fire door, from which point it slopes
inward quite sharply. The water leg is of the same width, 4
inches from the mud ring up to the band in the head, from which
point it spreads to 9 inches at the connection to the crown sheet.
The water space in the throat is 41 inches in width at all points.
The single fire door measures 14 x 28 inches. Two non•lifting
injectors feeding to check valves in the usual location are used.
The boiler ratios allow 654 sq. feet of heating surface to one
square foot of grate area, and 288 sq. feet to one cubic foot of cylinder volume. There is one sq. foot of heating surface to 421
lbs. weight on drivers.
The 22 x 28-inch cylinders are served by 12-inch piston
valves placed inside of the cylinders on a line with the frames.
The Stephenson type of valve gear is employed, the eccentrics
being on the second or main axle, and the motion is transferred
from the link through a transmission bar over the front axle.
This bar is suppbrted by a double hanger at its rear end, and connects at. the forward end to a rocker arm supported from a bearing
secured below the bottom frame rail. The valve stem connection is made through a link pivoted to the rocker arm above the
transmission bar connection.
The same design of trailer truck frame that has been used
on the Burlington for many years is found on these engines.
This consists of a heavy cast steel cross-bar forming a conneetion
between the main frames, set 45-in. centers, and the trailer truck
frames set at 80-in. centers. The . trailing wheels have outside
journals, the equalizer resting on top of the journal box.
SWITCHING ENGINES.

Locomotives for switching, shunting and drilling do not
usually have any front trucks, and are usually of the 0-4-0, 0-6-0,

FOU R WHEEL S ADDLETANK LOCOMOTI VEUSED FO R SWITCHING
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0-8-0 or 0-10-0 types. These types of engines are used for switching because in such service it is necessary to start trains often,
and therefore a great deal of adhesion is necessary. For the very
heaviest service Articulated Mallet engines are used.
In order to obtain considerable traction effort, the whole
weight of the engine is placed on the drivers, and in the case of
small engines the weight of the water and fuel is placed on the
drivers. It is also necessary for such locomotives to run over
curves of very short radius, and into switches whose angle with
the main track is very great. Therefore, in order to do this and
remain on the track, their wheel-bases must be very short, and
consequently the wheels are all placed near together, and are
usually between the smoke-box and fire-box.
Those types of engines are not suited for general traffic, because, owing to the shortness of their wheel-base, they become very
unsteady at high speed, and start to pitch, which becomes decidedly uncomfortable for the engineer, and which may cause the
engine to jump the track. As all switching is done at low speeds,
the use of the forward and trailing trucks may be discarded for
the greater advantage of obtaining the maximum adhesion.
These factors are most satisfactorily combined in the sixwheel, or 0-6-0 type, and for this reason this type is the favorite
for switching service which requires more than four-coupled driving wheels, and yet which comes within the tractive power possibilities of six-coupled driving wheels.
The 0-6-0 wheel arrangement, as shown in Figs. 22 and 23,
places all the weight on the driving wheels, and provides a short,
rigid wheel-base for running over frogs and switches. This type
lends itself readily to the application of a fire-box both wide and
deep. If necessary, the fire-box may be carried over the frames
and back of the driving wheels, to provide ample grate area for
any kind of fuel.
Locomotives of this type have been built in very satisfactory
designs, ranging in weights from 39,000 pounds to 176,500
pounds, with hauling capacities adapted to a variety of service
conditions.
Locomotives of the 0-10-0 type are built very much heavier.
A type of these engines used on the Lake Shore and Michigan
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Southern has a total weight of 270,000 pounds on the drivers.
Wagon top, straight, Bellpaire or Wooten boilers are used with
the Stephenson link motion, but in large sizes the Walsebaert gear

Pacific, or 4-8-2 Type. By far the greatest number of passenger locomotives in use belong to the Pacific, or 4-6-2 type,
shown in Figs. 24 and 25. This type of locomotive was developed in order to meet the exacting conditions of the heaviest passenger service. Trains weighing from 500 to 600 tons require
exceptional power, even if on moderately level roads. Such
trains require a combination of large cylinders, heavy tractive
weight and large boiler capacity. Because it provides this combination in very satisfactory designs, this type is remarkably
successful in the most difficult service, which includes heating
and lighting, in addition to hauling heavy trains. This wheel
arrangement provides a four-wheel leading truck with excellent
guiding qualities; six-coupled driving wheels, giving large adhesive weight, and trailing wheels, rendering it possible to provide a
suitable fire-box and large grate area. The Pacific type readily
provides for such grate areas to be arranged over the trailing
wheels in the fire-boxes of suitable depth and length, and with
ample water spaces. In fact, with trailing wheels, the designer
has a free hand in the most essential features of a satisfactory
fire-box, because the fire-box may be placed over these wheels and
back of the driving wheels. Grate areas of from 40 to 50 square
feet, available in this type, render it possible to provide for the
large fuel consumption required in the severest passenger service.
Of equal importance is the heating surface. Large cylinders require large steam-making capacity, and the 4-6-2 type provides the least restrictions also in this respect. A comparison of
a number of typical passenger locomotives now in service shows
that the 4-6-2 has home heating surface for a given total weight
than is provided for in any other type. Two designs of heavy passenger locomotives of this type were first. used in 1902 on the
Missouri Pacific Railway and the Chesapeake and Ohio Railway.
To these locomotives the name " Pacific Type " was given.
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Weight on drivers and cylinder power bear such relation to
each other as to strongly influence the selection of types. For
example, it is easy to see that the boiler which may be carried on a
locomotive of the Consolidation, or 2-8-0, type would be very easily
exhausted of steam if the locomotive should run at anything more
than ordinary speeds. This type is adapted only to relatively
slow service, because the cylinders are naturally made large as a
result of the large amount of weight on the driving wheels. The
Consolidation type has a large percentage of total weight . on the
drivers—it may have 90 per cent—and the Atlantic, or 4-4-2,

Fig. 26.
TRAILING TRUCK WITH INSIDE BEARINGS.
type represents the smallest percentage of total weight carried
on drivers of all the types ordinarily used. Of fifty-eight examples of recent Atlantic type locomotives, the average proportion of total weight carried on the driving wheels is 50.4 per cent.
Of twenty-six examples of the Pacific type, the average proportion is 61.2 per cent.
Trailing Trucks for Pacific Type Locomotives. Trailing trucks
of two distinctly different types are used on the Pacific type
engine, both of which are successful. The inside bearing truck,
shown in Fig. 26, is the simpler and lighter of the two, but the
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outside bearings, however, give a wide supporting base at the
rear of the locomotive, which contributes to good qualities. With
outside bearings the brake hangers for the trailing wheels may be
attached to the truck frame, so that they move with the wheels on
curves. Outside bearings also have the advantages of accessibility for lubrication, examination and renewal of packing and
for repairs, such as the renewal of springs and journal bearings.
Radial Truck with Inside Bearings. The radial truck with
inside bearings at, each end, shown in Fig. 26, is provided at. the
frame pedestals with front and back wearing surfaces formed to
arcs of concentric circles of suitable radii. To the lower face of
the continuous axle box is attached a spring housing fitted with
transverse coil springs having followers, and fitted with horizontal
thrust rods extended to the pedestal tie-bars. These thrust bars
terminate in ball and socket connections at each end. This combination of springs and thrust rods permits the truck to travel
in its circular path, and also permits the continuous axle-box
to rise and fall relatively to the frames. Motion along the
circular arcs is limited by stops at the central spring casing, the
springs tending to bring the truck to its normal position when
the locomotive passes upon a tangent after a curve. The load
is transmitted to the continuous axle-box through cradles on
which the springs and equalizers bear, hardened steel sliding
plates being interposed as wearing surfaces immediately over the
journal bearings. The cradles are guided vertically by guides
attached to the locomotive frame.
Radial Truck with Outside Bearings. The radial truck with
outside bearings, shown in Fig. 27, has journal boxes rigidly attached to the frame, the forward rails of which converge to a
point in which a pivot pin is centered. This pin is fixed in a
cross brace secured between the engine frames. The trailing
truck frame extends back of the journal boxes in the form of a letter U, at the center of which a spring housing is mounted, containing centering springs and followers performing the same functions as those of the radial truck with inside bearings, already described. The load in this case is transmitted to the journal boxes
by springs which are vertically guided. Hardened rollers are
generally used between what would otherwise be sliding surfaces.

These rollers rest upon double inclined planes, which tend to draw
the truck to its normal central position when displaced laterally,
as on a curve. The mutual action of these rollers and inclined
plane s is to furnish a yielding resistance to lateral displacement,
with a tendency to return to the normal position.
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Fig. 27.
TRAILING TRUCK WITH OUTSIDE BEARINGS.

The largest Pacific type of locomotive, which in point of size
and weight exceeds any passenger locomotive ever constructed, is
used on the Pennsylvania Railroad. It weighs 269,200 pounds,
has 24 by 26-inch simple cylinders, a 79i-inch boiler, 21 ft. tubes,
61.8 sq. ft. grate area, and carries 205 pounds steam pressure.
The standard type of engine on the Pennsylvania Railroad for
many years was the Atlantic type; but with the heavy trains and
difficult grades the limit of tractive effort of the Atlantic type was
reached. The accompanying table will give the weight and dimensions of a large number of other types of the Pacific locomotive used on 13 different railways.
Prairie, or 2-6-2 Type. The 2-6-2, or Prairie, type, Figs. 28
and 29, is the logical development of the 2-6-0, or Mogul, type, as
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a result of modern passenger and fast freight service. Because
of the opportunity afforded in this type to arrange designs which
are very satisfactory in both these respeets, the 2-6-2, or Prairie,
type is exceedingly successful in both classes of service.
For hauling heavy trains at high rates of speed great steamnntking capacity is required, and large heating surface and grate
area most be provided. Not only must the boiler capacity be
large, but large cylinders and heavy tractive weight are also required. These factors are very satisfactorily combined in the
9-6-2, or Prairie, type, and for this reason this type has reached
a high degree of development in the severest passenger service.
This wheel arrangement provides a two wheel leading truck
with good qualities, six-coupled driving-wheels, giving large adhesive weight, and trailing wheels, rendering it possible to provide wide grate areas in fireboxes of suitable depth. With the
firebox placed over the trailing wheels, this type lends itself
readily to a most satisfactory design of wide fire-box, with ample
depth at the front end, which is so particularly advantageous in
bituminous coal burning engines. One of the greatest advantages
gained by the use of trailing wheels is the opportunity to provide
a deep as well as wide fire-box.
The 2-6-2, or Prairie, type, is also a most satisfactory type for
fast freight service, involving trains of moderate weight and high
speed. With driving-wheels from 63 to 69 inches in diameter,
this type is used interchangeably in either passenger or fast freight
service. In short, it may be said that for service requiring the
starting rapacity of six-coupled driving-wheels and a larger boiler
capacity than can be provided in the 2-6-0 or 4-6-0 types, the 2-6-2
is a moat satisfactory type.
The 2-6-0 type of locomotive used on the Lake Shore & Michigan Southern Railway, and shown in Figs. 30 and 31, is a good
example of the Prairie type which is used for hauling heavy trains
at high speed. The engine is a simple one, with cylinders 21-1
by 28 inches, and driving wheels, which are made of cast steel, 79
inches in diameter. The tractive effort of the engine is 27,850
pounds. The total adhesive weight carried on the driving wheels
is 165,000 pound. The valve motion is of the 1Valschaert type,
and operates piston valves 12 inches in diameter, having inside ad-
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mission. The valves have a travel of 6# inches and exhaust clearance of an inch.
The driving wheels of this engine are spaced equally, being
84 inches apart. All wheels are flanged. The total wheel base
of the engine is 34 feet 3 inches. The driving wheel base is 14
feet. The pony truck and the leading driver are equalized together, and form, as it were, one truck, having a spread of 9 feet
4 inches. The main and rear drivers are equalized together, and
also with the carrying wheels in the trailing truck.
The boiler is of the radial-stayed extension wagon top type.
It is 70 inches outside diameter at the front and 771 inches diameter at the dome course. The heating surface is made up of
198 sq. ft. in the fire-box and 3,678 sq. ft. in the tubes. There
are 322 tubes 21 inches diameter, each being 19 feet 6 inches long.
The grate area is 55 square feet, which gives a ratio between grate
area and heating surface of 1 to 71.
The rule which takes six times the cubic contents of one cylinder as the means of finding the grate area does not apply to this
engine; for in this case the grate area is more than 20 square feet
larger than that which would be given by this rule.
The brick arch used in this, as in other types of engines,
tends to delay the passage of the hot fire-box gases and to insure
their more perfect combustion.
Eight-wheel, or 4-4-0 Type. The Eight-wheel, or American,
type, Figs. 32 and 33, was formerly the favorite type for fast passenger service coming within the tractive power possibilities of
four-coupled driving wheels. The best type for any service is
that which, with the necessary adhesion and boiler capacity, has
the smallest numbers of wheels, and is, therefore, the simplest.
In this respect the 4-4-0, or Eight-wheel, type is the first choice,
and for passenger service, for which the boiler that can be carried
on eight wheels is sufficient, this is an ideal type.
The 4-4-0 wheel arrangement provides a four-wheel leading
truck with good guiding qualities, and four-coupled driving
wheels, affording starting capacity for trains of moderate weight.
For passenger service requiring a greater heating surface and
grate area than can be provided in the 4-4-0 type, the 4-4-2, or
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Atlantic, type is its logical successor ; but within its limitations
the Eight-wheel is an ideal type because of its simplicity.
Atlantic, or 4-4-2 Type. In deciding upon the best type of
locomotive for a given service, the weight of trains, the speed,
grades, curvature and frequency of stops must all be carefully
considered. In the interest of smooth operation and low cost of
repairs, it is desirable to use the minimum practical number of
driving wheels within the limits prescribed by the necessary starting power. The Atlantic, or 4 4 2, type, shown in Figs. 34 and 35,
owes its development to the necessity of meeting conditions required of the modern fast passenger locomotive, which are summed
up in the expressions " sustained high speed " and " regularity of
service." By this is meant, not the momentary burst of speed
which a small locomotive may occasionally take on level track,
nor the high speed of an extra or special of three or four cars when
the road is clear, but the more serious and difficult requirements
of regular train service, day in and day out, at a 50 or 55 mile
schedule, necessitating reserve capacity for severe weather conditions, or for an occasional extra car. For such exacting service
much steam is needed, and ample heating and grate surface must
be provided.
The 4-4-2 type is the result of the demand for large heating
surface and grate area, in combination with large driving wheels,
in an effort to meet conditions which could not be met by the
American, or 4-4-0, type. When passenger trains outgrew the
capacity of the 4-4-0 type, the 4 4-2 type became its logical successor, and for service which lies within the starting capacity of
four-coupled driving wheels the Atlantic is the most popular passenger type. In the 44-0 type, with a four-wheel leading truck
and four-coupled driving wheels without trailers, the boiler capacity is confined within relatively narrow limits. Not only is the
heating surface limited, but also the grate area, because the grates
must necessarily be placed between the driving wheels. The desirability of large boilers and grates wider than the distance between driving wheels led to a ready acceptance of the 4-4-2 type,
which permitted of extending the grates beyond the driving
wheels and over the trailing wheels. Because of the favorable
arrangement of the grates over the trailing wheels, the 4-4-2
-
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types have, to a considerable extent, supplanted the 4-4 0 and
4-6-0 types. The 44-2 type permits of using a deep as well as
wide fire-box, which is especially advantageous for burning bituminous coal, and it provides for wide water spaces, which are
favorable to circulation. The advantage gained by the use of
trailing wheels in the opportunity for ample depth at the front, or
throat, of the fire-box is an important one.
The 4-4-2 type combines a four-wheel leading truck, providing good guiding qualities, and four-coupled driving wheels,
having starting capacity for trains of moderate weight, -with
trailing wheels, which, except on roads with sharp curves, need
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not be arranged in a truck having radial motion. This wheel
arrangement provides a short, rigid and relatively short total
wheelbase. For trains of moderate weight, especially for relatively long runs with infrequent stops, this is the ideal locomotive
type. The 4-4-2 type locomotives for the Chicago and Northwestern Railway and the New York Central were the first examples of this design.
Of fifty-eight recent examples of 4-4-2 type passenger locomotives, the proportion of weight on driving wheels to total weight
ranges from 50.4 to 60.8 per cent, the average being 55.8 per
cent. In studying the proportions of a large number of recent
passenger locomotives, several examples of the 4-4-2 type show the
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least weight in pounds of total weight per square foot of heating
surface, and it may be said in general terms that this type offers
the opportunity to arrange designs which are exceedingly efficient
from this standpoint.
LIGHT LOCOMOTIVES.
A number of different types of locomotives are used for
special service where the ordinary road or yard engine is unsuitable. These light locomotives are generally adapted for the use of
contractors, mines, logging roads, plantations and industrial plants
of all kinds, and for a wide range of service where light rails,
poor roadbed and limited clearance are the conditions to be met.

Fig. 37.
FORNEY, FOUR-COUPLED, TANA LOCOMOTIVE.

The weight, diameter of driving wheels, boiler pressure, tank
capacity, smokestack, style of cab, grates and other features of
design depend more or less upon special requirements.
For contractors, quarry, mine and industrial service, steel
works, blast furnaces, etc., the 0-4-0-T type, shown in Fig. 36, is
used extensively. These may have either side tanks or saddle
tanks. For somewhat heavier service, the 6-wheel tank, or
0-6-0-T type, is used. For plantation and logging service the four
or six-coupled rear truck tank locomotive, Fig. 37, or the four or
six-coupled front and rear truck tank locomotives are used. The
0-4-2-T type, shown in Fig. 38, the 2-4-2-T type, the 2-6-2-T type,
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and the 2-4-4-T type are also used for suburban service, as is the
0 4-4-T type. The 2-4-0 type, or the four-coupled front truck
locomotive, has been. very much used for light passenger service,
as has also the 4-4-0 type. Light locomotives are also built in
the eight-wheel and ten-wheel types for passenger locomotives,
and, in the Mogul and Consolidation types, for freight. service.
The 0-6-0 and the 0-8-0 types for switching service are made in all
styles, from a weight of 35,000 pounds to 125,000 pounds.
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38.

FOUR-COUPLED, TRAILING- TRUCK, TANK LOCOMOTIVE.

GEARED LOCOMOTIVES.

Geared locomotives are used extensively on logging, mining,
plantation, industrial, and on a few standard trunk line railroads.
On standard trunk line roads the geared locomotive is not, of
course, suitable for through freight service, on account of its rel.
atively limited speed ; but in the mountainous sections of such
roads, on branch lines, or as a helper engine, it is performing
good service on several of the standard railroads.
The geared locomotive is particularly adapted for logging
roads, for they, as a rule, combine heavy grades, sharp curves and
temporary track. The fact that all the weight is on the drivers
fits it for heavy grade work. The freely curving trucks enable
it to pass sharp curves with not only small friction, but also with-
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out straining or displacing the track, a point which is of considerable importance in temporary roads. On poor tracks, where
uneven conditions prevail, a speed of from fifteen to twenty miles
per hour may be attained. The advantages, therefore, of a geared
locomotive are: It has large tractive power consistent with its
weight ; is adapted for heavy grade, sharp curves and light rails;
and its steady draft, due to the great number of exhausts, makes
the combustion of fuel low.
The construction of a geared locomotive generally consists
of two or three cylinders placed on each side of the locomotive.
On small sizes the crank is double-throw, and on larger sizes it is
three-throw with the crank-pins spaced 120 degrees apart. The
pistons are connected to the shaft, which runs the full length of
the engine, which in turn is geared to the engine wheels. This
arrangement gives a steady rotation to the shaft, and as the ratio
of gearing varies from two to one to three to one there are twelve
to eighteen pulses per revolution of the drivers, so that the drawbar pull of the engine is very steady. The crank shafts are connected to the pinion by universal joints and slip-joints, so that
the driving mechanism is flexible in any direction, but rigid to
revolution. The pinion shafts carry the pinions, which engage
with the gear rims, which are fastened to the driving wheels.
Thrust bars are provided on all pinion shafts to allow for any
wear that may take place. The valve motion of geared locomotives is generally of the Stephenson type, which is operated directly from the cab of the locomotive.
Rack Locomotives. For climbing mountains, where the grade
is very steep, it is impossible to use the ordinary traction locomotive, so that an arrangement of locomotive, known as a rack locomotive, is used for this purpose. The weight of the locomotive is
carried on smooth rails in the ordinary manner, and while the
grade lies within the limits of the tractive effort it is propelled by
the driving wheels like other engines, but when the grade becomes
steep the gear wheel in the center of the locomotive is brought into
mesh with a rack rail in the center of the track between the other
two. The teeth of the gear on the locomotive engage with those
of the rack, and propel the engine independently of the power
developed at the driving wheel. The gear axle on the locomotive

is driven through reducing gears by a pair of inside cylinders, so
that a rack locomotive has four cylinders, two working on the
main axles and two on the gear axles. In addition to the two
main axles and the gear axle, there is usually a rear axle which
carries a brake pinion.
The four cylinders all have the same diameter and length of
stroke, and are independent of each other so far as the steam supply is concerned, and when running along the ordinary track the
inner cylinders do not perform any work. Since the adhesion
between the wheel and the rail of an engine cannot be taken at
more than twenty-five per cent of the weight, when the grade becomes so steep that the wheels will slip the rack locomotive must
be used.
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REVIEW QUESTIONS.
TYPES OF LOCOMOTIVES.

1. Describe the classification adopted by the American Locomotive Co. for distinguishing the different types of locomotives.
2. What is the name of a locomotive of the 2-8-0 type ?
3. What type of locomotive is most generally used for
freight service?
4. What proportion of the total weight comes on the drivers
of a Consolidation locomotive?
5. Why is it that Consolidation locomotives cannot be designed with large fire-boxes and wide water spaces?
6. Describe four reasons why the Mallet Articulated Compound locomotive has come into extensive use for heavy freight
service.
7. What is meant by the articulated feature of the Mallet
Compound engine?
8. Give several reasons why the Mallet Compound engine
gives greater tractive power than a Consolidation locomotive of the
same size.
9. Describe the path which the steam takes in a Mallet
locomotive from the steam dome to the exhaust.
10. What arrangements must be made in the steam pipes to
allow the Mallet Compound engine to go around curves?
11. To what part of the Mallet Compound engine are the
high pressure cylinders attached, and to what part the lower pressure cylinders?
12. On what road are the heaviest types Mallet Compound
engines used ?
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13. Describe briefly the twelve-wheeled type of locomotive,
and explain why this type has less weight on the drivers than the
Consolidation type.
14. Name five different types of locomotives used in freight
service.
15. Describe the ten-wheel type of locomotive, and explain
why it is sometimes referred to as the " all around " type.
16. What prominent American railroad does not use any
Consolidation locomotives, and what type is used in place of them?
17. Explain the particular class of service in which the
Mogul type can be used to advantage.
18. Explain the difference between the Prairie type and the
Mogul type of locomotive.
19. Why is it that switching engines do not generally have
any front or rear trucks?
20. What type of locomotive is most generally used in heavy
passenger service?
21. Describe two types of trailing trucks used with the
Pacific type of locomotive.
22. Describe the wheel arrangement of the Prairie type locomotive, and explain several reasons that have caused this type of
engine to be used in high speed passenger service.
23. What are the limitations of the eight-wheel type of locomotive?
24. In what way does the Atlantic type of locomotive excel
the eight-wheel type for pulling heavy trains at high speed ?
25. What is the average proportion of the weight of a locomotive on the drivers of an Atlantic type of locomotive?
26. Describe the uses to which the geared locomotive is particularly adapted.
27. Describe the general construction of a geared locomotive,
and explain how it transmits the power from the cylinders to the
wheels.
28. Name ten different types of locomotives used for freight
service.
29. Explain why Consolidation locomotives are used so extensively in freight service.
:16
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30. What is the average proportion of weight on the drivers
of a twelve-wheeled locomotive ?
31. What are the particular advantages of the Prairie type
when used for freight service ?
32. In deciding upon the best type of locomotive for a given
service, what factors must be carefully considered?
33. What have been the principal factors which have caused
the Atlantic type of locomotive to be so largely used for passenger
service.
34. Name the various duties for which light locomotives are
best adapted.
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There are two general types of locomotives in use as regards
the steam distribution, namely, the simple engine and the compound engine. While the latter type has been in use for a considerable number of years, a great diversity of opinion still exists
regarding its merits. They have given excellent results in some
cases, while in others the cost of repairs has more than offset their
economy, so that their use, especially in the older types, has been
discontinued.
Object of Compounding Locomotives. The principal object in
compounding locomotives is to effect economy in fuel, which
economy is obtained by the consumption of a smaller quantity of
steam in the cylinders, and hence the evaporation of less water.
The expansion of the steam is divided between two cylinders, so
that higher steam pressures may be used, greater expansion obtained aul less cylinder condensation result.
Decline of the Compound Engine. While there is no question
that the compound engine embraces the correct principle of steam
distribution, yet in recent years the number of new compound
locomotives built has been continually declining. Were it not for
the new types of compound locomotives which have been recently
built, it is fair to assume that the compound engine, as formerly
built, would not be used at all. The decline of the compound can
be shown from the following figures: Only 157 locomotives of
the compound type were ordered in 1907, and these were ordered
by five railroads. This compares with 240 engines in 1906, 160
in 1905, and 211 engines in 1904. In 1906 the number of compound engines slightly exceeded four per cent of the total number, while in 1907 the number was less than four per cent..
Types of Compound Engines Being Built. In regard to the
563
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types of compound engines ordered in 1907, 36 of them were of
the four-cylinder balanced type, 20 were of the two-cylinder type,
and 81 were the Mallet four-cylinder type. Of the four-cylinder
type all were used on the Santa Fe except three which were used
on the St. Paul, the latter using them with Pacific type of wheel
arrangement. Of the Mallet Compound, the Northern Pacific
ordered 10 Mallet four-cylinder compounds with pony trucks
front and hack, and six drivers coupled in each unit. The other
65 Mallet engines were built for the Great Northern; but they
have no engine trucks, each element having eight drivers coupled.

Vauclain four-cylinder compound. Nearly 3000 locomotives of
this type have been built for use in the United States, but a large
number of these have been changed to simple engines, owing to the
difficulty in keeping them in repair and in good working order.
As representing one of the types of compound engines which have
been most widely used, they are very interesting.
Arrangement of Cylinders. The cylinders consist of one highpressure and one low-pressure for each side, the ratio of volumes
being about three to one: They are cast in one piece with the
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THE VAUCLAIN POUR-CYLINDER COMPOUND.

Among the earliest engineers to recognize that valuable economies of fuel and water can be effected by the use of compound

Fig. 2.
SPECIAL ARRANGEMENT OF CYLINDERS ON A VAUCLAIN
COMPOUND.

Fig. 1.
GENERAL ARRANGEMENT OF CYLINDERS ON A VAUCLAIN
COMPOUND.

instead of single-expansion engines was Samuel M. Vauclain, of
the Baldwin Locomotive Works, who in 1889 designed and had
constructdd the original form of compound engine known as the

valve umber and saddle, the cylinders being in the same vertical
plane and as close together as they can be, with adequate walls
between them. The high-pressure cylinder is generally put on
top on the eight-wheel or American type passenger locomotives,
as shown in Fig. 1, while the arrangement shown in Fig. 2 is used
in Mogul, Consolidation and Decapod locomotives. On each side
I the high and low-pressure piston takes hold of a single crosshead.
The steam distribution is controlled by a single balanced piston

valve, so that the valve gear is the same as the single-expansion
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engine, except that four cylinders are used instead of two. The
distribution of steam in the Vallelain compound is shown by the
diagram, Fig. 3. The arrangement of the cylinders in relation
to the valve is, for convenience of referenee, somewhat distorted.
The valve employed is of the piston type, working in a cylindrical

steam will be uniform under all conditions, as shown in Fig. 4.
By the use of this bushing repairs can be made from time to time,
and changes effected in the port openings, without the necessity
of altering the cylinder castings. The bushing is forced into the
cylinder casting by hydraulic pressure.
Function of the Valve. The function of the valve is to control the admission and exhaust of both cylinders. Live steam
enters the chest at both ends of the valve, and is admitted to one end
of the high-pressure cylinder. The exhaust from the high-pres-

VALVE AND BUSHING USED ON VAUCLAIN COMPOUND ENGINE.

pl./MR..1M OF STEAM DISTRIBI"I'ION IN VACCLAIN FOUR-CYLINDER
COMPOVN D.

sure cylinder passes through the central hollow portion of the valve
and supplies the low-pressure cylinder, while at the same time the
steam in the opposite end of the low-pressure cylinder is allowed to
escape under the valve to the final exhaust in the stack.
By pass Valve. In order to obtain the maximum starting
power in any compound locomotive it is necessary to employ some
means of admitting live steam to the low-pressure cylinder. The
device for this purpose in the VaucIain four-cylinder type is a
by-pass valve, which is opened to allow the steam to pass from one
-

chest located in the saddle casting between the cylinders and the
smoke-box, and as close to the cylinders as convenience will permit. It is surrounded by an independent bushing, with port
openings machined to exact dimensions, so that the admission of
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end of the high-pressure cylinder to the other, and from thence
to the low-pressure cylinder. This arrangement is shown in Fig.
5, in which 1 represents the starting lever in the cab; 2, the starting lever fulcrum ; 3, the starting valve rod from the cab; 4, upper
arm ; 5, lower arm; 6, shaft; 7, starting valve rod under cylinder;

main valve is admitting steam, through the starting valve to the
other end of the high-pressure cylinder, and then through the
exhaust to the low-pressure cylinder. This allows the full power
of the boiler to be exerted on the low-pressure cylinder, while the
high-pressure piston is nearly balanced by the steam on both sides.
As the engine gets up to speed, the steam that enters the low-pressure cylinder through the starting valve decreases as the speed increases. This valve should be kept shut during the normal operation of the engine.
Air Valves. As is usual in all engines, air valves are placed
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Fig. 6
VACUUM VALVES FOR Low PRESSURE CYLINDER PORTS OF
VAUCLAIN COMPOUND LOCOMOTIVES.
in the main steam passage of the high-pressure cylinder ; but in the

Fig. 5.

Vauclain compound, additional air valves, as shown in Fig. 6, are
placed in the steam passages of the low-pressure cylinders to sup-

ARRANGEMENT FOR STARTING VAUCLAIN COMPOUND

- LoC0110TI V ES.
8, cylinder cockrod ; 9, cylinder cock strip; 10, starting valve; 11,
cylinder cock.
When the valve is put into position for starting, live steam
passes from that end of the high-pressure cylinder, in which the

ply them with sufficient air to prevent the formation of a vacuum.
Water relief valves, as shown in Fig. 7, are applied to the lowpressure cylinder to prevent the rupture of the cylinder in case
there is excessive pressure in the cylinders.
Operation of the Vanelain Compound. In starting the locomotive with a train, place the reverse lever in full forward position, throw the cylinder cock lever in full forward position,
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which operation opens the starting valve and admits live steam
into the low-pressure cylinder. The throttle valve is then opened,
and as soon as possible, when the cylinders are free of water
and the train is under good headway, the cylinder cocks and
starting valve should be closed. After the starting valve is closed,
and as the speed of the train increases, the reverse lever should
be hooked back a few notches at a time until the full power of
the locomotive is developed. If, after moving the reverse lever
to the last notch, which cuts off steam at about half stroke in the

It
starting valve from one side of the piston to the other.
relieves the vacuum and prevents the oil from being blown out of
the cylinder. On ascending grades with heavy trains, as the speed
decreases, the reverse lever should be moved forward sufficiently
to keep up the required speed. If, after the reverse lever is placed
in the fall forward notch, the speed still decreases and it is absolutely necessary, the starting valve may be used, admitting steam
into the low-pressure cylinders. This, however, should be done
only in cases of emergency and the starting valve closed as soon as
possible.
Precautions When Running Vanclain Compound Engines.
Among the precautions necessary when running a Vauclain compound are the following:
The reverse lever should never be hooked up until after the
cylinder cock lever is in central position; the starting device should
never be used for any other purpose than starting the train ; placing the cylinder cock lever in central position causes the engine to
work compound ; running with starting valve open and with throttle partly closed, the reverse lever being booked up in top notch,
is wasteful; the by-pass valve, admitting live steam to low-pressure
cylinder, should not be opened until the lever is in last notch ; on
account of the mild exhaust, the fireman should carry as light a
fire as possible.

Fig. 7.
RELIEF VALVES FOB Low PRESSURE CYLINDER HEADS OF
VA'UCLAIN Comrouxn ENGINES.
high-pressure cylinder, it is found that the locomotive develops
more power than is required, the throttle should be partly closed
and the amount of steam flowing to the cylinder reduced. On
small descending grades the steam may be throttled very close,
allowing just enough steam in the cylinders to keep the air-valves
closed. If the descending grade is large, preventing the use of
steam, close the throttle and move the reverse lever gradually to
full notch, and move the starting lever to its ful backward position. This allows the air to circulate either way through the

TWO-CYLINDER COMPOUND OR CROSS-COMPOUND
LOCOMOTIVES.
The cross-compound locomotive shown in Fig. 8 has two cylinders, one on each side, arranged with an intercepting valve so
that the engineer can work the engine either simple or compound.
When the engine is worked as a simple engine, the pressure of the
steam that is admitted to the low-pressure cylinder is controlled by
an automatic reducing valve in such a manner that it shall bear
the same ratio to the pressure of steam admitted to the high-pressure cylinder as the volume of high-pressure cylinder bears to the
volume of the low-pressure cylinder.
The essential features of the Baldwin design of this engine,
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brought out first in 1898, are the intercepting and reducing mechanism. These, when in normal position, permit the locomotive
to operate by single-expansion, and to so continue until changed
to compound. The locomotive is therefore readily started at any
position of the crank.

engineer, either to the open air when working single expansion, or
to the receiver when working compound. C is a reducing valve,
also placed in the saddle casting of the high-pressure cylinder, and,
like the intercepting valve, is moved in one direction by a spiral
spring, and in the opposite direction by steam pressure. The
function of this valve is, in its normal position, to admit live steam
into the receiver at reduced pressure while the locomotive is working single expansion. When the locomotive is working compound
this valve automatically closes, as it is evident that there is no
further need of live steam in the receiver. A further function of

:∎ 72
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Fig 9.

Fig. 8.
CROSS SECTION OF TWO-CYLINDER COMPOUND.
Intercepting Valve. In the diagrams, Figs. 9 and 10, A is a
double piston intercepting valve, located in the saddle casting of
the high-pressure cylinder. In one direction the movement is controlled by a spiral spring, in the other by steam pressure. The
function of the intercepting valve is to rause the exhaust steam
from the high-pressure cylinder to be diverted, at the option of the

TWO-CYLINDER COMPOUND. POSITION OF VALVES WREN
WORKING SINGLE EXPANSION.
the reducing valve is to regulate the pressure in the receiver, so
that the total pressure on the pistons of the high- and low-pressure
cylinders may be equalized. The steam for controlling the operation of both intercepting and reducing valves is supplied through
the pipes D from the operating valve in the cab.
Operating and Reducing Valves.
When not permanently
closed by pressure in the pipes D, the reducing valve C is operated
automatically by the pressure in the receiver. To this end the
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port E is provided, communicating with the receiver and the space
in front of the reducing valve ; as the pressure rises, the steam
acts on the large end of the reducing valve, causing it to move
backward and close the passage H through which steam enters the
receiver, and thus prevent an excess pressure of steam in the lowpressure cylinder. Poppet valves F and G are placed in connection with the port E, one to prevent the escape of steam from the

cepting and reducing valves in opposition to the springs, and they
will assume the positions shown in Fig. 9. The ports of the
intercepting valve A stand open to receive the exhaust steam from
the high-pressure cylinder and deliver it through the exhaust
passage B to the atmosphere. The reducing valve is open, admitting live steam through passage H to the receiver, and from
thence to the low-pressure cylinder. The receiver pressure is
governed by the automatic action of the reducing valve as previously explained. In this way the locomotive can be used single
expansion in making up and starting trains for switching and slow
running.
At the will of the engineer the operating valve in the cab is
moved to the position marked " Compound." This admits steam
to the pipes D and through them to the valve chambers W and C,
changing the intercepting and reducing valves instantly and
noiselessly to the positions shown in Fig. 10.
The exhaust
from the high-pressure cylinder is diverted to the receiver, the
admission of live steam to the receiver is stopped by the closing
of the passage H, and the locomotive is in position to work compound. Both valves are of the piston type, with packing rings to
prevent leakage.
Schenectady Cross-Compound Engine. Another type of crosscompound engine in use is the Schenectady compound engine, invented by A. J. Pitkin, of the American Locomotive Works, at
Schenectady, N. Y. The arrangement of the cylinders and the
intercepting valve is practically the same as in a Baldwin compound, the principle difference being in the construction and
operation of the intercepting valve.
With the arrangement of valves shown in Figs. 11 and 12,
the engine can be started and run either compound or simple, and
can be changed from compound to simple or from simple to
compound at the will of the engineer, with any position of throttle and at any point of cut-off. The part which each valve does
in accomplishing this is as follows:
The separate exhaust valve when open allows the steam to
exhaust direct from the high-pressure cylinder to the atmosphere
without going through the low-pressure cylinder, thus working
the engine simple, and when closed causes the steam from the highpressure cylinder to go through to the low-pressure cylinder, thus
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Fig. 10.
TWO-CYLINDER COMPOUND. POSITION OF INTERCEPTING AND
REDUCING VALVES WHEN

-WORKING COMPOUND.

receiver to the pipe D when the locomotive is working single expansion, and the other to close the passage from pipe D to the
receiver when working compound.
Normally the lever of the operating valve in the cab is in the
position marked ” simple." In this position no steam is allowed
to enter the pipes D, and no pressure will be exerted on the inter-
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working the engine compound. The intercepting valve closes the
passage between the cylinders when the separate exhaust valve is
open, so that steam cannot go from the high-pressure cylinder to
the low-pressure cylinder, and it also admits steam to the lowpressure cylinder direct from the dry pipe through the reducing
valve. When the separate exhaust valve closes, the intercepting
valve opens the passage between the cylinders and cuts off the
supply of steam from the dry pipe to the low-pressure cylinder.
The reducing valve works only when the engine is running
simple and throttles the steam passing through it, so that the

steam pressure against the piston "A." Pulling the handle back
relieves the pressure against "A," and the spring which is shown
in the figures shuts the valve.
All the engineer has to do in connection with the operation
of the valves is to pull the handle of a three-way cock in the cab
one way or the other, according as the engine is to run simple or
compound. The engineer uses this handle under the following
conditions:
Starting a Schenectady Compound Engine. First, to start simple. Under ordinary conditions it is not necessary to start the
engine simple; but if the maximum tractive power of the engine
is needed to start a heavy train, the engineer pulls the handle of
the three-way cock, so as to admit pressure on the piston A, which
is then in the position shown in Fig. 11. This will force the
piston A into the position shown in Fig. 12, which opens the separate exhaust valve and holds it open. As soon as the throttle is
opened, steam at boiler pressure enters the chamber E and forces
the intercepting valve against the seat B, as shown in Fig. 12.
Steam enters the high-pressure cylinder and is exhausted through
the reservoir through the receiver pipe and separate exhaust valve
to the atmosphere, as shown in Fig. 12. Steam also enters the
low-pressure cylinder from the chamber E through the reducing
valve L and ports G, and is exhausted in the usual way. The
steam is prevented from reaching the low-pressure cylinder at
boiler pressure by going through the reducing valve. As will be
seen from Fig. 12, the valve is partly balanced by the cylinder
open to the atmosphere, and boiler pressure acting on the unbalanced area throws the valve to the right. When the pressure
on the right of the valve becomes high enough it will throw the
valve to the left, because it acts on the whole area of the valve, and
in so doing throttles the steam to the proper pressure for the lowpressure cylinder.
Position of Valves When Running Compound. Having started
the train in this way, when the engineer wishes to change the
engine from running simple to running compound he pushes the
handle of the three-way cock to its first position, which relieves
the pressure on the right of the piston A, and the spring throws
that piston to the right into the position shown in Fig. 11, closing the separate exhaust valve. As soon as this valve is closed,
37
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Fig. 11.

PosrrioN of

INTERCEPTING VALVE ON A SCHENECTADY

COMPOUND ENGINE WHEN RUNNING SIMPLE.

pressure of steam going to the low-pressure cylinder is about onehalf the steam pressure in the dry pipe.
Operation of Intercepting and Reducing Valves. The intercepting and reducing valves are worked automatically by the
steam pressures acting on the difference of areas of the ends of the
valves, and their movement is cushioned by dash-pots. The separate exhaust valve is operated by the engineer by means of a
three-way cock in the cab. To open the separate exhaust valve,
the handle of the three-way cock is thrown so as to admit air or

_
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the pressure in the receiver rises and presses the intercepting valve
to the left against the pressure in the chamber E, which only acts
as an unbalanced area of the valve. The receiver pressure holds
the intercepting valve to the left, as shown in Fig. 11, closing the
ports G and opening free passage from the high-pressure cylinder
to the low-pressure cylinder, and the engine works compound.
It will be noticed that while working compound, which is the
usual way of working the engine, the intercepting and reducing
valves are both held against ground joint seats, which prevent the
leakage of steam that may have leaked past the packing rings.

E, and the engine runs simple as before. When the grade is
passed, the engineer pushes the handle of the three-way cock over,
and the engine begins to work compound.
Starting the Engine Compound. To start the engine compound the separate exhaust valve is left closed, as in Fig. 11, and
when the throttle is opened the intercepting valve will be forced
against the seat B by the pressure in the chamber E, as shown in
Fig. 12. The low-pressure cylinder will then take steam through
the ports G, and the high-pressure cylinder will exhaust into the

•

Fig. 13.

Fig. 12.
POSITION OF INTERCEPTING VALVE ON A SCHENECTADY

Com7

POUND ENGINE W 11 EN RUNNING COMPOUND.

Changing from Compound to Simple. Now, with the engine
running compound, if the engineer wishes to run the engine simple, because of a heavy grade, the handle of the three-way cock
is pulled the same as for starting simple. This will open first
the by-pass valve C, and then the separate exhaust valve, the bypass valve relieving the pressure more gradually than if the large
valve were opened at once. As soon as the separate exhaust valve
is open, the pressure in the receiver drops, and the intercepting
valve is forced against the seat B by the pressure in the chamber

POSITION

OF BY-PASS VALVES ON

A

SCHENECTADY COMPOITND

WHEN DRIFTINO.

receiver for a few strokes of the engine. This will raise the pressure in the receiver and force the intercepting valve into the position shown in Fig. 11, closing the ports G, and the engine will run
compound. The combination of the automatic intercepting valve
with the separate exhaust permits the engine to be changed from
simple compound, and the reverse, without jarring or jerking the
train.
Position of Valves When Drifting. When drifting, or not
working steam, the by-pass valves B, B, shown in Fig. 13, being in
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a vertical position, fall away from their seats by gravity, and give
a clear opening between the two ends of the high-pressure cylinder.
The by-pass valves for the low-pressure cylinder are also in a vertical position, and are held to their seats by the steam pressure
when working steam. When running with closed throttle, the
by-pass valves are raised from their seats by any pressure on the
lower side, assisted by the spring under the valve. With the valves
raised from their seats, there is a continuous opening between the
two ends of the low-pressure cylinder through the cylinder steam
ports into the steam chest, providing relief from back pressure
when drifting by equalizing the pressure in the cylinders.

To work the engine, simple or compound, a starting valve is
used. When live steam is admitted directly into the low-pressure
cylinders, the starting valve uncovers ports in the steam chest,
which admits high-pressure steam into the low-pressure cylinder.
When working compound, the starting valve is moved back over
the ports, shutting off steam in its passage to the low-pressure end
of the steam chest.
Baldwin Tandem Compound. In the Baldwin type of tandem

TANDEM COMPOUND LOCOMOTIVES.
The tandem compound locomotive with its four cylinders
appears to be the ideal design for compound locomotives; but
notwithstanding the many points in its favor, it has not. been used
very extensively on railroads in this country. Among the many
points in its favor are that the cylinders are brought. in line ; one
connecting rod, one set of guides and one piston rod are all that
are needed to operate the drivers; and although there are two
valves, one for the high-pressure cylinder and one for the low,
one valve rod operates both. The principal objection to it is
based upon the difficulties that are encountered in the examination and repair of the piston valves.
American Tandem Compound Locomotive. The tandem compound locomotives which have been built are used principally for
heavy freight service. The general arrangement of cylinders,
pistons and valves constructed by the American Locomotive Co.
is shown in Fig. 14. The high-pressure cylinder is forward of the
low-pressure cylinder, with both pistons on the same rod. The
steam chest is common to both high and low-pressure cylinder,
being open from end to end and serving the purpose of a receiver.
The valves are hollow, and permit an unrestricted flow of steam
through the steam chest. On the high-pressure cylinders the
valves are arranged for internal admission, and on the low-pressure
cylinders for external admission. This design of valve allows
steam to be admitted to the same side of each piston by means,
of the crossed ports on the high-pressure cylinder.

Fig. 14.
GENERAL ARRANGEMENT OF CYLINDERS, PISTONS AND VALVES,
AMERICAN TANDEM COMPOUND LOCOMOTIVE.

compound, Fig. 15, which was designed in 1902 principally for
heavy freight service, four cylinders are used with a high and lowpressure cylinder and cylindrical valve chest on each side. The
high-pressure cylinder is placed in front of the low-pressure, both
having the same axis; that is, the center of the ]ow-pressure cylinder extended becomes also the center of the high-pressure.
Each cylinder with its valve chest is cast separately, and is

582

COMPOUND LOCOMOTIVES.

COMPOUND LOCOMOTIVES.

separate from the saddle. The steam connections are made by a
pipe from the saddle to the high-pressure valve chest, and the final
exhaust takes place through an adjustable connection between the
low-pressure cylinder and the saddle casting. The valve, which is
double and hollow, admits steam to the high-pressure cylinder, and
at the same time distributes the high-pressure exhaust from the
front end of the high-pressure cylinder to the back end of the lowpressure cylinder, or vice versa, as the case may be, without the
necessity of crossed ports. As shown in Fig. 15, A is the highSTARTING VALVE

LOW PRESSURE
CYLINOER

t

IMINA/AV

Fig. 15.
STEAM DISTRIBUTION IN TANDEM COMPOUND CYLINDERS.

pressure valve by which steam is conducted from the live-steam
openings through external cavities B and B to the high-pressure
cylinder. The exhaust from the high-pressure cylinder passes
through the opening C to the steam chest, which acts as a receiver ;
D is the low-pressure valve connected to the high-pressure valve by
valve rod E. This valve in its operation is similar to the ordinary
slide valve. The outside edges control the admission, and the exhaust takes place through the external cavity F. The starting
valve connects the live steam ports of the high-pressure cylinder.
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THE BALANCED COMPOUND LOCOMOTIVE.
In all two-cylinder locomotives, whether single-expansion or
compound, and in four-cylinder types such as the tandem and the
original Vauclain compound, the reciprocating parts are counterbalanced by rotating weights in the driving-wheels.
This arrangement of balance becomes unsatisfactory, particularly for heavy locomotives, and when extremely high speeds
are attained. By balancing the reciprocating parts against each
other the rotating balance in the wheels used to complement these
parts can be eliminated, avoiding to a great extent the vertical
shocks and reducing the strain upon the track to that directly
due to the weight of the locomotive. Consequently, with a selfbalanced arrangement of reciprocating parts, the weight on the
driving-wheels may be increased without damaging the track, and
higher speed is attainable without undue strain upon the working
parts of the locomotive.
With the increasing weight of trains and severity of service,
it has been found to be impracticable to keep on increasing the
weight and size of locomotives beyond certain limits which these
conditions demand. Therefore, to increase the capacity, improve
the economy and at the same time reduce the injury to the track,
a new type of locomotive has been developed. This is known as
the balanced - compound engine, which type of engine has been developed quite extensively in Europe. Four cylinders are used,
connected on quarters.
Advantages of Four-cylinder Balanced Compounds. The advantages of the four-cylinder balanced compound locomotive are:
1. The approximately perfect balance of the reciprocating
parts combined with the perfect balance of the revolving weights
results in a locomotive perfectly balanced in all respects.
2. The increase of weight on the driving-wheels is permissible on account of the complete elimination of the hammer blow.
3. An increase in sustained horse power at high speeds can
be obtained without modification of the boiler.
4.. There is greater economy of fuel and water.
5. The subdivision of power between four cylinders and two
axles reduces the bending strain on the crank axle due to the piston
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thrust. Because of this division of power, lighter moving parts
may be used, which renders them easily handled, and which will
minimize wear and repairs.
6. The design may be simple, as one set of valve gears with
comparatively few parts may be used.
The balancing of high-speed locomotives by the use of four
3ylinders connected on the quarters has proven to be a good thing
for the locomotive and the track. Its increased complication,
however, has made it somewhat unpopular from the roundhouse
and shop standpoint. Up to a comparatively recent time the balanced principle has always been employed in connection with compounding. The economy to be obtained from compounding was
what was chiefly desired, the advantages of balancing being largely
incidental.
Balanced Simple Engines. A few engines have been built and
are being experimented with which use four simple cylinders con•
nected on the balanced principle; but no advantage in economy
can be obtained with this type unless superheated steam is used.
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The balanced compound, built by the Baldwin Locomotive
Works since 1902, is designed to obtain all the advantages of
balancing and compounding features, and at the same time simplify, as far as possible, the arrangement of the working parts.
The cylinders are a development of the original Vauclain fourcylinder compound type, with one piston slide valve common to
each pair. Instead of being superimposed and located outside
of the locomotive frames, the cylinders are placed horizontally
in line with each other, the low-pressure outside and the highpressure inside the frames. The slide valves are of the piston
type, placed above and between the two cylinders which they are
arranged to control, as shown in Fig. 16. A separate set of guides
and connections is required for each cylinder.
Position of Cylinders.
The two high-pressure cylinders being
placed inside the frames, the pistons are necessarily coupled to a
crank axle. The low-pressure pistons are coupled to crank-pins
on the outside of the driving-wheels. The cranks on the axle are
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set at 90 degrees with each other, and at 180 degrees with the corresponding crank-pins in the wheels. The pistons therefore travel
in the opposite direction, and the reciprocating parts act against
and balance each other to the extent of their corresponding weight.
Whenever possible, the center lines of the four cylinders are
placed in the same horizontal plane. One piston valve on each
side controls the steam distribution to each pair of cylinders. The
two cylinders on the same side of the engine, with their cylindrical
steam chest, are cast in one piece with half the saddle.
The two pistons on the same side of the locomotive are so con-

sections, and is arranged to admit the exhaust steam from either
end of the high-pressure cylinder into the corresponding end of the
low-pressure cylinder. The valve operates in a hard cast-iron
bushing, shown in Fig. 17, which is forced into the steam chest
by hydraulic pressure. The valve is arranged for central admission with reference to the high-pressure cylinder.
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VALVE AND BUSIIING USED ON BALANCED COMPOUND ENGINES.

necked that they oppose one another in movement and start their
strokes at the same instant. With this arrangement the disturbing
effects of the reciprocating parts are neutralized, and no excess
weights are required in the counterbalance. As the revolving
weights are balanced, the maximum wheel pressure on the rail is
that of the static wheel load. If, as is usually the case, all the
cylinders are horizontal, the cranks are placed one hundred and
eighty degrees apart, and ninety degrees from the corresponding
cranks on the opposite side of the locomotive.
The piston valve, as shown in Fig. 17, is divided into three
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Distribution of Steam. The distribution of steam is shown
in Fig. 18. The live steam port in this design is centrally located
between the induction ports of the high-pressure cylinder. Steam
enters the high-pressure cylinder through the steam port and the
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central external cavity in the valve. The exhaust from the highpressure cylinders takes place through the opposite steam port to
the interior of the valve, which acts as a receiver. The outer
edges of the valve control the admission of steam to the low-pressure cylinder. The steam passes from the front of the high-pressure cylinder through the valve to the front of the low-pressure
cylinder, or from the back of the high-pressure to the back of the
low-pressure cylinder. The exhaust from the low-pressure cylinder takes place through external cavities under the front and
back portions of the valve, which communicate with the final exhaust port. The starting valve connects the two live steam ports
of the high-pressure cylinder to allow the steam to pass over the
piston.
Arrangement of Crank Axle. The crank axle necessarily con-

ci

stitutes an important feature of this type of locomotive. It may
be made of a solid forging, or it may be made of a steel casting.
The crank axle is generally placed on the leading pair of drivingwheels, as the cylinders can then all be placed in the same horizontal plane, and there are no obstructions to interfere with the
movement of the inside main rods. This is accomplished on a
10-wheel or Atlantic type by making total wheel base a few feet
longer than that of a similar single-expansion locomotive. The
leading pair of driving-wheels is then moved back sufficiently to
give the required length of the inside main rods. The outside
main rods may be connected to either the first or second pair of
driving-wheels. When they are connected to the first pair of
wheels, the outside rods will usually be the same length as the
inside rods.
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Angularity of Inside Rods, In some cases, in order to reduce
the angularity of the inside rods, a shorter stroke is used for the
inside cylinders than for the outside. In other cases, owing to the
impossibility of connecting the high-pressure pistons to the first
axle, special arrangements are adopted. In balanced compound
locomotives of the Pacific type, the inside main rods are made with
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a loop or bifurcation, as shown in Fig. 19, which embraces the
leading driving axle. On all the Baldwin engines of the balanced
compound Pacific type the Stephenson link has been employed.
The eccentrics are placed on the rear driving axle, and the link
blocks are connected directly to the rock shafts. Since the eccentric rods with this arrangement are made rather long, they are provided with intermediate supports, thus avoiding all danger of
buckling. With the Atlantic type using the Stephenson gear the
eccentrics are placed on the second driving axle.
Atlantic Type of Balanced Compound. With the Atlantic type,
which is equipped with the bifurcated rod in order to avoid lengthening the wheel base, the difficulty of placing the valve gear between the frames has been avoided by using the Walschaert motion.
With this arrangement the center lines of the steam chest are
placed outside the frames, the links are secured to rock shafts,
whose bearings are bolted to the guide yoke, while the combining
levers are placed inside the guides.
Prairie Type of Balanced Compound. With the Prairie type
of balanced compound locomotives of the Baldwin design, the inside cylinders are inclined at an angle of seven degrees, as shown
in Figs. 20 and 21, in order that the main rods may pass above the
first driving axle. All the pistons are connected to the second
pair of driving wheels. The piston valves are placed above the
low-pressure cylinders in close proximity to the high-pressure cylinders. The two cranks on the same side of the engine are placed
173 degrees apart, so that the pistons start their strokes about the
same instant and the balancing feature is retained. The Walschaert valve motion is used with this type of engine.

THE COLE POUR-CYLINDEE BALANCED COE:POUND.
The Cole four-cylinder balanced compound engine employs
the principle of subdivided power, the two high-pressure cylinders
being between the frames and driving the forward or crank axle,
and the two low-pressure cylinders being outside the frames and
driving the second driving axle. In order to secure a good length
for connecting rods without lengthening the boiler, the high-pressure cylinders are located in advance of their usual position.
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American Locomotive Works.)

Fig. 23.—HalfPlan.

the low, with only a slight increase in length of wheel base or
boiler; or an increase of 30 to 36 inches in the normal length between the front driver and the cylinder center. This also involves increasing the boiler and flues a like amount.
When applied to a locomotive having a two-wheeled leading
truck, three different methods are available:
(1) Locating the
high-pressure cylinders ahead and increasing the distance between
the front driver and center of cylinders about 24 inches; (2)
inclining the high-pressure cylinders to clear the front driving
axle; (3) looping the high-pressure main rods so as to encircle the
front driving axle. These arrangements are given in their order
of availability.
In considering the advantages of balanced locomotives, their
use is not confined to high-speed passenger service. The destructive effect on the track is a matter of revolutions and not necessarily of speed. The dynamic effect of a medium size wheel, running at a high speed in revolutions, while making a moderate
number of miles per hour, is just as great as that of a large wheel
at the same number of revolutions, making a much higher speed
in miles per hour.
Application of the Cole Compound on the Erie and Pennsylvania
B. B. The Cole four-cylinder balanced compounds, used on the
Erie and Pennsylvania Railroads, have the relative positions of
The high end low-pressure cylinders, as shown in Figs. 22 and 23.
The smoke-box steam pipes deliver steam into passages in the lowpressure saddle. It is brought to the forward part of the valve
chamber to the high-pressure piston valves through encased elbow
pipes, one of which is shown in elevation, Fig. 22. The highpressure guides, Fig. 23, are located under and attached to the lowpressure saddle, whereas the low-pressure guides are in the usual
location outside the frames. The cranks of the driving axles are
180 degrees apart, which places the reciprocating parts of the high
and low-pressure engines in opposing motions, permitting perfect
balance. In order to equalize the weights of the piston, those of
the high-pressure cylinders are solid, and those of the low-pressure

COMPOUNDPASS ENGER LOCOMOTIVE, ATLA NTI CTYPE.

Position of Cylinders for Different Types. To apply the fourcylinder balanced principle to the 44-2 or Atlantic type, 4-6-2 or
Pacific type, 4-6-0 or ten-wheel type, 4-8-0 or twelve-wheel types,
requires either the high-pressure cylinders to be located ahead of
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are dished and made as light as possible. A single valve motion
of the Stephenson type operates a single valve stem on each side
of the engine. Each valve stem carries two piston valves, one for
a high and the other for a low-pressure cylinder. The back end,
Fig. 24, and the two sections, Figs. 25 and 26, resemble the ordinary construction of two-cylinder locomotives, but the half front
elevation and half section, Fig. 27, show a considerable difference
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Fig. 29.
ARRANGEMENT OF HMI' PRESSURE CYLINDERS AND PISTON VALVE
CHAMBERS, COLE BALANCED COMPOUND LOCOMOTIVE.

of arrangement. The high-pressure piston rod, crosshead and
guides are shown in position under the low-pressure saddle. Fig.
28 shows one of the frames in plan and elevation.
The main portion of the frame between the low-pressure
cylinder and rear pedestal is of the bar type and very heavy. The
forward extension in front of the low-pressure cylinder seat is
slabbed, and to it are bolted the high-pressure cylinders. That
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portion of the fraine hack of the rear pedestal is of double plate
form, the additional plate, parallel to the main frame plate, being
introduced in order to give proper support to the pedestals and
springs of the outside journal-boxes of the trailing wheels.
The high-pressure cylinders and the high-pressure section of
the piston valve chambers are all in one casting, as shown in Fig.
29. On the top of the valve chamber is the boss, in which the
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forward end of the elbow pipe is seated. The sides of the cylinder casting are faced off to the exact distance between the front
plate extensions of the frames. The high-pressure valve chambers
are in exact line with the valve chambers of the low-pressure
cylinders, intermediate thimble castings and packing glands being
inserted between the two to form a continuous chamber common
to both the high and low-pressure cylinders, thus providing for
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expansion. Fig. 30 represents the low—pressure cylinders, which
are cast separately and bolted together. In this case the inside
of the cylinders are faced off to proper dimension to embrace
the outer faces of the bar frames. The low-pressure piston valve
chamber is in direct line between the cylinder and the exhaust base.
The crank axle is shown in Fig. 31. This type of crank axle

as they would appear in section revolved in the same plane. The
high-pressure valve is arranged for central admission and the lowpressure for central exhaust, both valves being hollow. A thimble
casting, or ground joint ring, and a gland connect the two parts of
the continuous valve chamber. The valves are exactly alike, with
bodies of wrought-iron pipe, spiders and flanges of east steel. The
hull rings and packing rings, of which each valve has four, are of
cast-iron.
When the cylinders are arranged in the same transverse
plane, one valve may be used to control both the high and lowpressure cylinders. The valve, arrangement of ports and the
direction of the steam from the high-pressure cylinder to the exhaust are shown in Fig. 33. The ports for the high-pressure cylinder are crossed, an arrangement which is used with considerable
success on tandem compound engines.
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SUGGESTIONS FOR RUNNING BALANCED COMPOUND LOCOMOTIVES.

Fig. 33.
SINGLE VALVE USED FOR IIIGir AND Low PREssruE CYLINDERS,
COLE BALANCED COMPOUND LOCOMOTIvE.
permits of a very strong construction. The driving-box journal
and the journal for the hack end of high-pressure connecting rod
are connected by a circular disc, which makes a very strong form
of construction.
The high and low-pressure cylinders are shown in Fig. 32

In starting the locomotive with a train, place the reverse lever
in full forward position, throw the cylinder cock lever forward,
and open the starting valve, -which allows live steam to pass to the
low-pressure cylinder. The throttle is then opened, and as soon as
possible when the cylinders are free of water and the train is under
good headway the cylinder cocks and starting valve should be
closed. As the economy of a compound locomotive depends largely
on its greater range of expansion, the engineer should bear in
mind that, in order to get the best results, he must use his reverse
lever. After the starting valve is closed, and as the speed of the
train incereases, the reverse lever should be hooked back a few
notches at a time until the full power of the locomotive is developed. If, after moving the reverse lever to the last notch, which
cuts off the steam at about half-stroke in the high-pressure cylinder,
it is found that the locomotive develops more power than is required, the throttle must be partially closed and the flow of steam
to the cylinder reduced. On slightly descending grades the steam
may be throttled very close, allowing just enough in the cylinders
to keep the air valves closed. If the descent is such as to prevent
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the use of steam, close the throttle and move the reverse lever
gradually to the forward notch and open the starting valve. This
allows the air to circulate either way through the starting valve
from one side of the piston to the other, relieves the vacuum and
prevents the oil from being blown out of the cylinder. On ascending grades with heavy loads, as the speed decreases, the reverse lever should be moved forward sufficiently to keep up the
required speed. If, after the reverse lever is placed in the full
foward notch, the speed still decreases and there is danger of stalling, the starting valve may be used, admitting live steam to the lowpressure cylinders. This should be done only in case of emergency and the valve closed as soon as the difficulty is overcome.
The piston valves used on the balanced compound locomotives
are arranged with inside admission to the high-pressure cylinders.
The low-pressure ports are located in the ends of the casting.
Hence it is more convenient to set the valves from the low-pressure
ports, the high-pressure not being accessible. Both heads of the
steam chest are removed, and with a tram, from some point on the
body of the cylinder to the valve stem, the line and line positions
of the valve on the low-pressure ports, in both front and back motion, are laid off and indicated by a prick punch mark on the valve
stem. Using the same tram the position of the valve at different
parts of the stroke can be ascertained, and the opening of the lowpressure ports noted, by the distance from the point of the tram to
the prick punch mark. The relation of the valve to the high-pressure port must be ascertained by measurement, as in the case of an
ordinary slide valve and its exhaust port.

DE GLEHN COMPOUND LOCOMOTIVE,

'

A number of ten-wheeled locomotives have recently been
built by the Baldwin Works for the Paris-Orleans Railway of
France. These engines, which have created considerable interest
in this country, are compounded on the De Glelm System, and were
built to drawings furnished by the railway company. All messurements in their construction were made on the metric system ;
necsitaghrodunbyteilsfmanwtdards and gauges.
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Arrangement of Cylinders. The De Glehn type of locomotive,
shown in Fig. 34, is characterized by an arrangement of cylinders
which divides the application of the power between two driving
axles, and provides a separate valve gear for each cylinder, so that
the high and low-pressure cut-offs can be independently varied.
The high-pressure cylinders are placed outside, while the low-

forged steel and of the two-bar type. Those for the outside cylinders are braced by steel castings bolted to the frames, while the
inside guides are secured to a heavy steel casting, which braces
the frames between the high-pressure cylinders, and also forms a
support for the low-pressure links. The crossheads are of wrought
iron, case-hardened. Forged steel main and side rods are used
throughout, the outside main rods being of I-section. The side
rod stubs are of a modified strap form, the bolts being in one place
with the straps. With this arrangement the bolts are in tension
instead of shear. The return cranks for the outside valve motions
are forged in one piece with the crank-pins, which are guided into
their seats in the wheel centers by means of key-ways. By placing the center lines of the high-pressure steam chests outside the
cylinder center lines, all parts of the valve motion can be located
in the same plane. With the low-pressure cylinders such an arrangement is impossible, as the valves are driven by eccentrics
which are placed on the first axle between the inside crank cheeks.
The links, therefore, are mounted on rock shafts, which serve to
transfer the motion from one plane to the other. These rock
shafts are supported at three points, thus avoiding, as far as possible, any tendency to spring the valve motion. Independent reverse shafts are provided for the high and low-pressure valve gears,
which may be operated together or separately by means of an ingeniously arranged screw reverse mechanism placed in the cab.
The driving-wheel centers are of cast steel with solid balances.
The driving axles are of forged steel, the crank axle being forged
in one piece. Wrought-iron driving boxes are employed, and the
weight is transferred to the frames through underhung springs
and forged steel equalizing beams. The engine truck side frames

pressure are inside between the frames. The Welschaert valve
motion is used throughout. The gears for the inside cylinders
are driven from eccentrics placed on the forward driving axle,

while those for the outside cylinders are driven from the second
pair of driving-wheels by return cranks placed on the crank-pins.
General Method of Construction. The outside or high-pressure
cylinders are connected to the second pair of driving-wheels, while
the inside, or low-pressure, are connected to the first pair, which
has a cranked axle. In order to keep the main rods of as nearly
the same length and weight as possible, the high-pressure cylinders
are set some distance in the rear of the low-pressure. This arrangement of cylinders is facilitated by the use of plate frames,
to which the cylinder castings are conveniently bolted. In these
locomotives the high-pressure cylinders are located immediately in
front of the leading pair of driving-wheels. Each steam chest is
cast in one piece with its corresponding cylinder. The slide valves
are balanced and are of bronze. Both the low-pressure cylinders
are formed in one casting, the upper part of which constitutes a
saddle for the support of the smoke-box. The plate frames are cut
out on each side, as the width over the low-pressure cylinders is
greater than the distance between the frames. The low-pressure
valves are also of bronze, but unbalanced ; they have inclined seats,
and their steam chests are formed within the cylinder casting. All
the cylinders are set on an inclination of three and one-half per
cent, this being done to provide clearance for the engine truck
under the low-pressure cylinders. Steam is conveyed to the highpressure cylinders through external pipes, and is passed on to the
low-pressure cylinders through special valves, which are in the
form of sleeves, with suitable openings cut in them. These valves
may be rotated on their central axles by air pressure controlled
from the cab, and according to their position the engine may be
operated as a compound or single-expansion locomotive.
Construction of the Reciprocating Parts. The guides are of
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are of a slab form, placed inside the wheels. The weight is transferred to the truck through two hemispherical bearings whose
centers are 35.43 inches apart, measured transversely. These
bearings are seated in suitable castings, which can slide on a heavy
cast steel crosstie. Lateral motion of the truck wheels is also
provided, and is controlled by means of coiled springs. The center
pivot supports no weight, and is used simply for pushing the truck.
The truck frame is suspended directly on the springs, no equalizing
beams being used.
Boiler Used on the De Glehn Compound Locomotive. The boiler
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is of the Belpaire type, built of steel plate, with the exception of
the inside fire-box, which is of copper. The grate is placed between the frames, and is inclined toward the front at a sharp angle,
thus giving an exceptionally deep throat, The stay-bolts in the
water legs are of manganese bronze. Each bolt is drilled throughout its entire length with a hole six millimeters in diameter.
These holes are closed up at their inner ends by riveting the bolts
over after they have been screwed into the sheets. The fire-box
is provided with a brick arch, which is supported on copper strips,
secured to the side sheets by copper studs. The grate is of the
rocking type. The tubes are soft steel, with internal ribs.
The boiler shell is built with longitudinal butt joints having
double covering strips, while the circumferential seams are doubleriveted with lap joints. The throat sheet completely encircles
the barrel. The steam dome is built of flanged plate, with a fullsized opening in the barrel, and the base is strengthened by an inside liner. In accordance with general European practice, the
throttle valve is of the sliding type, and is fitted with a pilot valve,
which opens first. The pressure on the main valve is thus equalized, and it is more readily moved on its seat. The smoke-box is
provided with a high variable exhaust nozzle, above which is
placed a horizontal grating, composed of round rods set in a
wrought-iron frame. The stack is of cast-iron, with a covering
plate for checking the draft while the engine is standing. The
locomotive is fitted with high-speed brake equipment furnished by
the Westinghouse Air-brake Company of London, and also with
steam-heating equipment. Screw couplings and spring buffers
are provided at the front end of the locomotive and the rear end of
the tender. The cab is built of steel plate, and has windows in the
sides and front. An interesting part of the equipment is an arrangement which keeps a complete record of the speed throughout
the run, and also shows the rate of speed at. any instant. The
motion for this device is derived from a stud which is screwed into
the rear righthand crank-pin, and works in a slotted arm on a
gear shaft located under the running board.
The tender is carried on six wheels, the two rear pairs of
which are equalized. The frames are of the plate form, placed
outside the wheels. Both the engine and tender are provided

with steps and handholds, and the gangways can be closed on each
side by means of suitable gates.
One engine of this type has been run on the Pennsylvania
Railroad, but with only moderate success. It was purchased by the
Pennsylvania Railroad from the foreign railway. The principle
of the balance compound follows so closely the lines of the De
Glehn compound that it is doubtful if the latter type will ever
become a factor iii locomotive engineering in this country.
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THE MALLET COMPOUND ENGINE.
This type of compound engine has come into extensive use
in this country in recent years for heavy freight service. This
type of engine permits compounding under the most favorable
conditions. The high-pressure cylinders are placed at about the
middle of the engine, while the low-pressure cylinders are attached
to the forward or truck frames. The rear drivers are carried in
frames rigidly attached to the boiler, and to these frames and to
the boiler as well are attached the high-pressure cylinders. The
forward drivers are not rigidly connected to the barrel of the boiler,
but swivel radially from a center pin.
The steam dome is placed directly over the high-pressure
cylinders, and steam is led from the dome down the outside of the
boiler on either side to the high-pressure valve chambers. The
steam, after being used in the high-pressure cylinders, passes to
a jointed pipe between the frames, and is delivered to the lowpressure cylinders, whence it is exhausted by a jointed pipe through
the stack in the regular way. The high-pressure valves are of the
piston type, and the low-pressure cylinders are equipped with slide
valves. The construction and arrangement of the flexible pipe
connections between the high-pressure cylinder saddle and the lowpressure cylinder saddle are shown in Fig. 35. This pipe connection serves as a reservoir. It is divided into three sections, and
is arranged with ball or slip joints so as to allow for its curvature
and variation in length.
Features of the Mallet Compound Locomotive. The particular
features of this type of locomotive are : the greater proportion of
total weight that is distributed over a shorter rigid and a longer
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flexible driver wheel base; the comparatively low driver wheel
loads ; the relatively higher tractive power per unit of weight per
wheel; the automatic regulation of the tractive efforts between
two sets of engines; the distribution of the tractive power between
two groups of driver wheel bases, running gear, frames and cylinders; the introduction of the compound practice with independent
cylinders and large intermediate receiver capacity ; the greater
reserve capacity in the boiler, due to the use of a direct pressure
steam in the low-pressure cylinder ; the combination of extreme
power in two sets of engines, with one boiler tender under the
control of one engineer and fireman; a greater percentage of tonnage which can be hauled per total weight of locomotive and train,
and less liability for complete disablement.
Comparison of the Mallet Compound with Other Types. This
subject of the Mallet Compound engines, as used on American
railways, was thoroughly discussed -before the June, 1908, meeting
of the American Railway Master Mechanic's Association, and the
committee, after an exhaustive investigation, arrived at the following conclusions, which are based on a comparison of the Mallet
Articulated Compound types of steam locomotives, now operating
in road and helper freight service, with other designs of steam and
electric locomotives performing similarly under relatively the
same fuel, water and climatic conditions.
First. That for the greatest permissible tonnage and speed
per train, on lines of considerable gradient and curvature, the
Mallet Articulated Compound types of steam locomotives, either
with or without leading and trailing trucks, and ranging in tractive
power from 55,000 to 125,000 pounds, are relatively lower in first
cost, and from performance to date more efficient and economical
in operation and maintenance per unit of tractive power developed.
Second. That the Mallet Articulated Compound types of
steam locomotives enable a practical improvement in the boiler
efficiency by means of greater boiler capacity, increased reserve
steam and water storage, larger grate area and fire-box and tube
heating surface, prolonged passage of the products of combustion
through the boiler, quickening circulation of the water in the
boiler, heated feed water and reduced rate of draft and combustion.
Third. That the Mallet Articulated Compound types of steam
locomotives give the practical opportunity to improve the engine
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efficiency by means of relatively greater tractive effort per pound
of adhesive weight and from superheated higher initial, reheated
receiver and lower terminal working steam pressure, due to the
greater ratio of expansion that can be obtained in the cylinders, as
well as through the use of a large intermediate receiver capacity,
which is made possible by the four independent cylinders and their
supply steam connections.
Fourth. That the Mallet Articulated Compound types of
steam locomotives should have less depreciation, wear and failure
of boiler and machinery through increased reserve capacity, reduced
pressure of exhaust steam, more flexible wheel base, subdivision
of power and stresses over a greater number of frames, cylinders,
pistons, axles, crank-pins, rods and auxiliary parts ; better balancing of the reciprocating and revolving mechanism, more uniform
turning moment and less slipping of driving-wheels.
Fifth. That the Mallet Articulated types of steam locomotives, having relatively less non-adhesive weight per driving-wheel
and a more uniform turning moment, with a reduction in unbalanced pressure at the driving-wheel and rail contacts, resulting in
maximum adhesion, minimum slipping and a distribution of weight
over a short rigid combined with a long flexible wheel base, will
materially reduce the bridge, tie and rail strains and the tie and
rail wear per unit of tractive power developed.
Sixth. That the Mallet Articulated types of steam locomotives, either for road or helper freight service, can materially increase the capacity of a given piece of track by fewer train movements and less congestion at terminals without increasing the
acceleration or running speed above that which is permissible for
efficient and economical heavy tonnage train movement, proper
working super-elevation of curves, minimum rail wear and the
least liability for derailment or accident.
Seventh. That the Mallet Articulated Compound types of
steam locomotives will particularly place the movement of the
traffic under the control of fewer persons, lessen the liability for
complete disablement, and reduce the cost for engine and train
crew hire, fuel, water, lubricants, stores, wiping, hostlering and
dispatching.
Eighth. That the non-paying weight in motive power and
supplies and the retarded movement and stalling of heavy tonnage
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trains will be minimized by the Mallet Articulated types of steam
locomotives, especially through exceptionally long tunnels, where
the permissible reversing of this type of locomotive will not subject the crew to the gases, smoke and heat from the exhaust.
Ninth. That the use of the Mallet Articulated Compound
types of steam locomotive may permit of maintaining of progressively increasing the average gross tonnage per successive train
movement between terminal yards to that which, consistent with
the balancing of the motive power, distribution of cars and the
accumulation of the traffic on the divisions, might give the desired
capacity as well as efficiency and economy in the operation of a single piece of trunk-line track and its terminals, without making an
expenditure on roadway to increase the weight limit, or for a reduction of grade, curvature or distance that would otherwise be
necessary to accomplish the same result.
Tenth. That for service where it is essential to increase the
tons moved per mile per hour per unit of cost by developing greater
tractive power in one locomotive than what can be efficiently and
economically produced by a consolidation or similar type, and
where the use of self-contained motive power, proportion of adhesive to total weight, center of gravity, distribution of weight
over driving-wheels, driving-wheel load, flexibility of driving-wheel
base, and particularly the first cost, fixed charge, operating expense
and reliability of service are elements of importance, the use of
the Mallet Articulated Compound types of steam locomotives
should receive careful consideration.
First Mallet Locomotive Used in the U. S. The first locomotive of the Mallet type which was put into operation in this country was for the Baltimore & Ohio Railroad, its object being to determine upon the practicability of such a class of motive power
to efficiently and economically increase the capacity of a mountainous line requiring long and heavy freight service. The design of
this experimental locomotive was completed in April, 1904, and,
after having been exhibited at the Louisiana Purchase Exposition, was put into regular freight service in January, 1905.
The following essential features, which were at that time
somewhat radical as compared with the ordinary American railroad practice, were as follows: The articulated frame; elimination of truck wheels; system of duplex compound; flexible joints
39
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to the receiver and exhaust pipes, as shown in Fig. 35; Walsshaert motion gear; combination hand and power reversing gear ;
high-pressure piston and low-pressure double-ported slide valves;
high and low-pressure high balanced piston packing rings ; method
of securing high-pressure cylinders to boiler.
After a number of years of constant use, this locomotive has
demonstrated its availability in every particular. No difficulty
has been experienced with any of the essential features mentioned
above. The Walschaert valve gear, with which this engine is
equipped, is the oldest of this type in use on any locomotive in this
country, and it has demonstrated its superiority over other types
of valve gears. The locomotive is doing the work of two standard
Consolidation simple locomotives, and has given a horse-power
as high as 2434- when running in simple gear, and 190G when running in compound gear.
Among other types of Mallet Compounds which are being
used are those on the Erie Railroad, the Great Northern Railway,
Northern Pacific Railway, and the Chicago, Burlington & Quincy
Railway. In every case the reports of these locomotives have
been satisfactory, not only as regards performance, but also as
regards economy of operation and the heavy loads which are
handled.
Type of the Mallet Compound Used on the Erie R. R. In the
type of Mallet Compound used on the Erie, the high-pressure
cylinders are cast in pairs with saddles, the separation between
the two cylinders being to the right of the center. This permits
the intercepting valve to be placed in the lefthand cylinder casting,
and also gives room for the connection to the receiver pipe. The
exhaust steam from the right cylinder continues from the passage
in its saddle to an outside U-shaped pipe connecting to a passage
in the lefthand cylinder casting, which leads up to the intercepting
valve chamber into which the exhaust steam from the left cylinder
also passes. From this point the exhaust steam passes to a receiver pipe extending forward between the frames to the lowpressure cylinders. An extra exhaust connection is provided in
the side of the left cylinder casting, which has a pipe leading to
the exhaust pipe in the smoke-box. This connection is made by
a pipe having universal joints in a manner similar to the receiver
pipe. The construction of the receiver pipe is such as to permit

free movement of the front frames in all directions, it being fitted
with a ball joint at either end and a slip joint near the forward
end. It is arranged to permit the locomotive to pass around 16degree curves. The low-pressure cylinders are cast in pairs, the
connection to the receiver pipe being made through a Y-shaped
casting connecting at the back to the cored passages in the cylinder. The exhaust is carried through an elbow located on top, and
in the center to a short pipe with universal joints leading to the
exhaust pipe in the front end.
The high-pressure cylinders are fitted with piston valves having internal admission, while the low-pressure cylinders have balanced slide valves with external admission. The valve gear,
which is of the Walschaert type, is so arranged that the return
crank leads the pin in both sets, and hence the block is at the bottom of the link for the go-ahead motion for the low-pressure
cylinders, and at the top of the link for the high-pressure cylinders. In this way the weights of the two valve gears counterbalance each other. The operation of reversing is further assisted
by a pneumatic reversing device, which is connected to the reverse
lever, and consists of two cylinders, one of which contains oil under
pressure for locking the device in any desired position, the other
cylinder being the air cylinder. The operation of this device is
controlled from an auxiliary reversing lever in the cab.
The remarkable success which has attended the use of Mallet
Compounds in heavy pushing service has been the principal claim
to superiority of the compound engine over the simple locomotive,
and has again attracted considerable attention to the advantages
of the compound type.
Mallet Articulated Compound Locomotives, for the Southern
Pacific Company. The Baldwin Locomotive Works have recently
completed, for the Southern Pacific Company, two Mallet articulated compound locomotives, which are the heaviest engines thus
far built for any railway. These locomotives have eight coupled
wheels in each group, and, in accordance with the previous practice of the builders, are equipped with two-wheeled leading and
trailing trucks. The constructive details embody various features
of special interest. The calculated tractive force of this design is
94,640 pounds. The locomotives will be used on the Sacramento
Division between Roseville and Truckee, where the maximum
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grade is 110 feet per mile, and the rating 1212 tons of cars and
lading.
The boiler is straight topped, 84" in diameter, and is
equipped for oil burning. The fire tubes are 21 feet long. They
terminate in a combustion chamber, 54 inches long, in front of
which is a feed water heater 63 inches in length. The tubes in
the feed water heater are set in alignment with the fire tubes, and
are equal to them in number and diameter. Two non-lifting injectors are provided, and they discharge, right and left, into the
feed water heater chamber, which is kept constantly filled with
water. The feed passes out through the top of the chamber, and
is then delivered into the main barrel through two checks, placed
right and left immediately back of the front tube sheet.. A
superheater,_placed in the piping system between the high and
low-pressure cylinders, is located in the smoke-box. The combustion chamber is provided with a man-hole, so that the tube
ends are readily accessible.
In order to facilitate repairs, the boiler is provided with a
separable joint, which is placed at the rear end of the combustion
chamber. The joint is effected by riveting a ring to each boiler
section and uniting the rings by 42 bolts, 11 inches in diameter.
The rings are butted with a V-shaped fit.
The waist-bearer under the combustion chamber is bolted into
place, while the front waist-bearer and the high-pressure cylinder
saddle are riveted to the shell. The longitudinal seams in the
barrel are placed on the top center line, and have " diamond "
welt strips inside. Flexible staybolts are liberally used in the
sides, back and throat of the firebox, while the crown sheet is
stayed with T-irons hung on expansion links, in accordance with
Associated Lines practice.
The dome, which is of cast steel, is placed immediately above
the high-pressure cylinders, and the arrangement of the throttle
and live steam pipes is similar to that used on heavy articulated
locomotives previously built. The exhaust from the high-pressure
cylinders passes into two pipes, which lead to the superheater.
These pipes are of steel, and each is fitted, at the back end, with
a slip joint made tight with a packed gland. The steam enters
the superheater at the front end of the device, and passes successively through six groups of tubes. It then enters a T-eon-

nection, from which it is conveyed to the low-pressure cylinders
through a single pipe having a ball joint at each end and a slip
joint in the middle. Each low-pressure cylinder is east separately
and is bolted to a large steel box casting, which is suitably cored
out to convey the steam from the receiver pipe to a pair of short
elbow pipes, making final connection with the low-pressure steam
chests. The distribution is here controlled by 15-inch piston
valves, which are duplicates of those used on the high-pressure
cylinders. The final exhaust passes out through the front of each
casting into a T-eonnection, which communicates with a flexible
pipe leading to the smoke-box. The slip joint in this pipe is
made tight by means of snap rings and leakage grooves. At the
smoke-box end, the ball joint is fitted with a coiled spring, which
holds the pipe against its seat. The valves for both the high and
low-pressure engines are set with a travel of 54 inches and a
lead of five-sixteenths incites. The steam lap is one inch, and
the exhaust clearance arrg inch. The high-pressure cylinders are
oiled from a lubricator placed in the cab, while a force feed
pump, driven from the forward valve motion, is provided for the
low-pressure cylinders. This arrangement obviates the use of
flexible oil pipe connections.
Reversing is effected by the Raggonet power gear, which
is operated by compressed air and is self-locking. The gear is
directly connected to the high-pressure reverse shaft. The reach
rod connection to the low-pressure reverse shaft is placed on
the center line of the engine, and is fitted with a -universal
joint located immediately above the articulated frame connection.
The joint is guided between the inner walls of the high-pressure
cylinder saddle. In this way the reversing connections are simplified, and when the engine is on a curve the angular position of
the reach rod has practically no effect on the forward valve
motion.
Some of the locomotives are equipped with vanadium steel
frames, and others with frames of carbon steel. The connection
between the frames is single, and is effected by a east steel radiusbar, which also constitutes a most substantial tie for the rear end
of the front frames. The fulcrum pin is 7 inches in diameter;
it is inserted from below, and held in place by a plate supported on a cast steel crosstie, which spans the bottom rails of the
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rear frames between the high-pressure cylinders. The weights
on the two groups of wheels are equalized by contact between the
front and rear frames, no equalizing bolts being used in this
design.
The front frames are stopped immediately ahead of the
leading driving pedestals, where they are securely bolted to a large
steel box casting, previously mentioned, which supports the lowpressure cylinders. The cylinders are keyed at the front only.
The bumper beam is of cast steel, 10 feet long, while the maximum
width over the low-pressure cylinders is approximately 11 feet.
The boiler is supported on the front frames by two bearings,
both of which have their sliding surfaces normally in contact.
The front bearing carries the centering springs, and the wear is
taken, in each case, by a cast iron shoe 2 inches thick. Both
bearings are fitted with clamps to keep the frames from falling
away when the boiler is lifted.
These locomotives naturally embody in their design many
smaller details of interest. The cylinder and steam chest heads
are of cast steel, the low-pressure heads being dished and strongly
ribbed. The low-pressure pistons are also dished ; they have cast
steel bodies, and the snap rings are carried by a cast iron ring
which is bolted to the body and widened on the bottom. The links
for the low-pressure valve gear are placed outside the second pair
of driving wheels, and are supported by cast steel bearers which
span the distance between the guide yoke and the front waist
bearer. The low-pressure valve stems are connected to long crossheads, which slide in brackets bolted to the top guide bars. The
locomotive is readily separable, as the joint in the boiler is but
a short distance ahead of the articulated frame connection, and
all pipes which pass the joint are provided with unions. The
separable feature was tested by the builders, and proved entirely
feasible. Sand is delivered to the rear group of driving wheels
from a box placed on top of the boiler, and to the front group
from two boxes placed right and left ahead of the leading drivers.
The tender is designed in accordance with Associated Lines
standards, and is fitted with a 9000 gallon water-bottom tank.
The capacity for oil is 2850 gallons. The trucks under both
the locomotive and tender are equipped with " Standard " solid
forged and rolled steel wheels.
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The detail parts of this locomotive have, where possible, been
designed in accordance with existing standards of the Associated
Lines. The engine is practically equivalent, in weight and capacity, to two large Consolidation type locomotives, and, in spite of
its great size, presents a pleasing and symmetrical appearance.
The following table will give the principal dimensions of these
locomotives:
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a.
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SOUTHERN PACIFIC MALLET COMPOUND LOCOMOTIVE.
BUILT BY BALDWIN LOCOMOTIVE WORKS.)

0

Gauge,
Cylinders,
Valves,

Cs]
1:1 X

O
W

03
A

2
,c)

• 0N 2

Straight.
Type,
Steel.
Material,
Diameter,
84"
Thickness or sheets,
ii"&ii
Working Pressure,
200 lbs.
Fuel,
Oil.
Staying,
1 Crown Bars.

Oo
2 c)
O °,

En 0
ia.

g
<

Balanced Piston.

Boiler.

z

z

4' Si"
29" & 40" x 30"

Length,
Width,
Depth, front,
" back,
Thickness of sheets, sides,
"
'4
"
back,
lI
crown,
tube,

E-

Steel.
126"
781•
751"
70i"
/1

Water Space,
Front,
Sides,
Back,

5"
51.1

Tubes.
Material,
Thickness,
Diameter,
Number of Fire Tubes,
Length 4 4 "
"
No. Feed water Heater Tubes,
Length "

232 sq. ft.
4941 sq. ft.
1220 sq. ft.
0393 sq. ft.
68.4 sq. ft

_Driving Wheels.
Diameter, outside,
"
center,
Journals, main,
others,

57"
50"
11" x 12"
10" x 12"

Engine Truck Wheels.
Diameter, front,

Fire Box.

Ls.

Heating Surface.
Fire Box,
Fire Tubes,
Feedwater Heater,
Total,
Grate Area,

Steel.
.125"

Journals,

Diameter, back,
Journals,

304 ..
6" x 10"
301"
6" x 10"

Meet Baa e.
Driving,
Rigid,
Total Engine,
Total Engine and Tender,

39'
15'
56'
83'

4"
0"
7"
6"

Weight.
On Driv. Wheels,
394,150 lbs.
On Truck, front,
14,500 lbs
On Truck, back,
17,250 lbs.
Total Engine,
425,900 lbs.
Total Engine & Tender,
about 596,000 lbs.

Tender.

Wheels, Number,
8.
" Diameter,
33 "
401
Journals,
6" a 11"
21' 0"
Tank Capacity, water,
9,000 gals.
401.
Tank Capacity, oil,
2,850 gals.
5' 3"
Service,
Freight.
Engine equipped with Baldwin Smoke Box Superheater.
Superheating Surface, 655 sq. ft.
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OPERATION OF COMPOUND LOCOMOTIVES.
Compound locomotives differ from the ordinary type in that
a simple engine has but one set of cylinders of the same diameter and uses the steam but once, while a compound or doubleexpansion engine has either two or four cylinders of varying diameters, and the steam, after passing through the first set and
losing part of its energy, passes into the second set of cylinders,
where a certain amount of its remaining energy is used.
One cylinder on a compound locomotive is called the highpressure cylinder and the other one the low-pressure cylinder, because the high-pressure cylinder takes its steam directly from the
boiler at nearly initial boiler pressure, while the low-pressure
cylinder, under ordinary conditions, receives the steam from the
high-pressure cylinder only, and at a greatly reduced pressure.
The principal advantage claimed for compound locomotives is
economy in the consumption of fuel and water. A compound
engine in good order and properly operated does more work with
a given volume of steam than a simple engine.
In the Schenectady two-cylinder compound, the duty of the
oil dash-pot is to insure a steady movement of the valve without
shock. The oil dash-pot should be kept full of engine oil to prevent intercepting valve from slamming. Failure or breakage of
intercepting valve can nearly always be traced to lack of oil in
dash-pot.
To operate the Schenectady two-cylinder compound as a
simple engine, the handle of the three-way cock- in the cab is moved
by the engineer so as to admit either air or steam pressure into
the pipe which connects with one end of the separate exhaust valve
chamber, forcing the separate exhaust valve, which is otherwise
held in normal position by a spring, from right to left and in the
direction of the intercepting valve. Then, as the throttle is opened,
steam is admitted directly from the boiler into the passage which
communicates with the intercepting valve, forcing the valve from
left to right and permitting the steam to pass through it, and leading it through suitable ports and passages, whence it passes through
the reducing valve to the low-pressure steam chest. At the same
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time steam is admitted directly from the high-pressure cylinder
to the atmosphere through the receiver and separate exhaust passage, while steam from the low-pressure is exhausted directly to
the atmosphere.
A Schenectady compound should be operated as a simple engine only at very low speeds, when there is danger of stalling, and
in starting very heavy trains. It should not be run simple when
running faster, because it would mean not only a waste of steam
and greater consumption of fuel, but also a greater and unnecessary wear and strain on the machinery.
To change a two-cylinder compound from simple to compound,
the three-way cock would have to be returned to the normal position, which permits the pressure to be withdrawn from the piston
head of the separate exhaust valve. As this pressure is exhausted
to the atmosphere, the compressed spring is released and forces the
separate exhaust valve to normal position, closing communication.
The pressure in the receiver, due to the exhaust from the highpressure cylinder, will rise and force the intercepting valve to
the left, which opens the passage for the exhaust steam from the
high-pressure cylinder through the receiver to the low-pressure
steam chest. The movement of the intercepting valve to the left
shuts off the live steam between the boiler and the low-pressure
steam chest. The intercepting valve is automatically operated
by the steam pressure exerted upon it, due to the difference in
areas of the ends of the valve.
A compound locomotive should be lubricated so as to feed
two-thirds of the oil to the high-pressure cylinder while using
steam and one-third to the low-pressure cylinder. When drifting
long distances, about two-thirds of the oil should be fed to the lowpressure cylinder, owing to the greater surface exposed in the lowpressure cylinder and the imperfect distribution of oil due to the
absence of steam from the cylinders.
More oil is fed to the high than to the low-pressure cylinder,
because part of the oil fed to the high-pressure cylinder is carried
along with the steam to the low-pressure cylinder, and the high
pressure of steam in the high-pressure cylinder causes more friction than exists in the low-pressure cylinder. The greater the
pressure the greater the friction, consequently more oil is needed
to counteract that friction, and because the higher temperature
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and pressure in the high-pressure cylinder produce more friction,
therefore more oil is required for perfect lubrication. As a certain
amount of the oil fed to the high-pressure cylinder is carried along
with the steam to the low-pressure cylinder, less need be fed directly to the low-pressure cylinder.
Just enough water should be carried in a boiler of a compound locomotive to guarantee absolute safety from overheating
the fire-box under all conditions of service, in order to assure
the delivery of dry steam to the cylinders, as wet steam is particularly injurious to compound locomotives.
Compound locomotives should always be started in simple
position when pulling a long train. When drifting, the threeway cock in cab should be in the same position as when working
the engine simple, which causes the separate exhaust valve to open.
The cylinder and port cock should also be open. Steam blowing
at the three-way cock indicates a leaky separate exhaust valve seat
and steam passing by the exhaust valve piston packing rings.
If the engine will not operate as compound when air pressure
on the separate exhaust valve is released by the three-way cock,
it indicates that the separate exhaust valve is stuck, and communication with the separate exhaust valve has not been closed. A
small quantity of kerosene admitted through the oil plug at the
three-way cock and forced to the separate exhaust valve will generally release the valve.
If the engine stands with the high-pressure side on the deadcenter, and will not move when given steam, the trouble is due to
the intercepting or reducing valve sticking, which prevents direct
communication between the boiler and low-pressure cylinder. The
position of the intercepting valve stem will indicate which valve
is sticking. If the stem extends clear out, it would be the intercepting valve ; and, unless some of the posts were broken, a light
tap on the end of the stem after the throttle is open will send it
ahead. If the stem protrudes only a few inches, it will be the
reducing valve that is sticking. Usually a few sharp blows on the
intercepting valve back head with the throttle open will dislodge
it, and direct communication between the boiler and the low-pressure cylinder will be again established.
In the event of a breakdown, open the separate exhaust valve

as when running simple ; then block, cover ports and disconnect
the same as with a single-expansion engine.
To shut off steam pressure from the steam chest and lowpressure cylinder, the separate exhaust valve and intercepting
valve should be placed in position to allow the engine to work as
a single-expansion engine.
It is important that air be pumped up on a Schenectady twocylinder compound locomotive before the engine is moved, in order
to insure a sufficient amount of air pressure to operate the separate
exhaust valve, so that the engine can be operated as a single-expansion.
To locate blows or leaks through valves or cylinder packing
on two-cylinder compounds, tests are made precisely as with a single-expansion engine. Engine should be worked as a simple engine while testing for such blows. To test blows in intercepting
valve, place right-hand crank pin on top quarter and the reverse
lever in the center of sector, close intercepting valve, and open
separate exhaust valve as when working simple. Steam will pass
through the separate exhaust valve and appear at the exhaust nozzle if the intercepting valve blows.
The by-pass valves are connected to the steam ports, and furnish communication between steam chest and steam ports in cylinder. They are used to relieve the cylinder from excessive back
pressure when drifting.
Compound locomotives are called tandem compounds when the
high-pressure cylinder is ahead of and connected with the lowpressure cylinder, and both pistons are operated by the same piston
rod. The steam in a tandem compound locomotive exhausts from
the high-pressure cylinder and passes over to the low-pressure
cylinder on the same side of the engine.
The valves on a tandem are designed for both inside and outside admission. On the high-pressure cylinder the valves are
arranged for internal admission, and the steam ports in the highpressure cylinder are crossed. On the low-pressure the valves are
arranged for external admission, and the steam ports are those
in use on the ordinary type. Since both valves operate on one
stein, and as the high-pressure valve is internal, and the low-pressure external, admission, the ports in the high-pressure cylinder
must necessarily be crossed, so that when live steam is admitted
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to one end of the high-pressure cylinder the exhaust from the opposite end of the high-pressure can pass over into the low-pressure
cylinder to exert its energy in the same direction and in unison
with the high-pressure. Steam - leaving the high-pressure valve
and entering the back port in the high-pressure cylinder flows to
the forward end of the cylinder, forcing the piston back. After
spending its force it is exhausted to the high-pressure steam chest,
passing through the center of the hollow high-pressure valve to the
outer back edge of the low-pressure valve, enters the back end of
the low-pressure cylinder, and, after spending its force, escapes
through the exhaust port of the low-pressure valve directly to the
atmosphere.
A tandem compound should be operated as a simple engine
only in starting, or when there is a possibility of stalling. It can
only be operated as a simple engine when the starting valve is used.
The starting valve, which is operated by a lever in the cab, admits
live steam directly to the low-pressure cylinder in the following
manner: Steam is admitted to the high-pressure steam chest
through the short steam pipe connecting saddle and chest, passing
through suitable ports and around by-pass valves which register
with the high-pressure steam ports. The by-pass valves are held
against their seats by the pressure from below, which is in direct
communication with the chest. The starting valve having thus
established communication with both high-pressure steam ports,
steam passes through both hollow piston valves and is admitted to
the low-pressure cylinder.
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REVIEW QUESTIONS.
COKPOIIND LOCOMOTIVES.
1. What is the principal object in compounding a locomotive ?
2. What reasons can you give why compound locomotives
have not been more generally used ?
3. Name four different types of compound engines which
have had general use in this country.
4. What are the distinctive features of a Vauclain compound
engine?
5. What types of compound locomotives are being more extensively used at the present time ?
6. Explain the functions of the intercepting valve in a
compound engine.
7. Why are the air valves placed in the steam passages of
low-pressure cylinders of a Vauclain compound ?
8. Describe the usual precautions which are necessary when
running a Vanclain Compound.
9. How does the cross compound locomotive differ from the
Vauelain compound ?
10. What are the advantages and disadvantages of a cross
compound locomotive ?
11. What is the principal difference between a Baldwin cross
compound locomotive and a Schenectady cross compound locomotive ?
12. When the Schenectady cross compound engine is running
simple, how is it changed to running compound ?
13. What are the principal advantages and disadvantages of
the tandem compound locomotive?
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14. For what kind of service have tandem compounds been
principally used ?
15. Describe the arrangement of cylinders of a balanced
compound locomotive.
16. Name four advantages of four-cylinder balanced compound locomotives.
17. How are the cranks connected in a balanced compound
locomotive so as to properly balance the reciprocating parts ?
18. To what part of the locomotive are the high-pressure
cylinders of a balanced compound engine connected ? To what
part are the low-pressure cylinders ?
19. If it is not possible to connect the low-pressure connecting rods to the front crank axle, how is the motion of the piston
transferred to the locomotive wheels ?
20. Describe what method is used in the Prairie type of the
Baldwin balanced compound when connecting the connecting rods
to their respective crank-pins.
21. Describe the general arrangement of cylinders in a Cole
four-cylinder balanced compound.
22. How are balanced compound locomotives started, and how
should the different levers be arranged after the engine has attained its normal speed ?
23. Suppose the reverse lever was in the last notch, and it was
found that the locomotive developed more power than was required,
what would you do to cut down the speed ?
24. What are the principal advantages of the Mallet Compound engine ?
25. How are the cylinders arranged on the Mallet Compound
engine ?
26. How does the Mallet Compound compare with other types
of locomotives in general use ?
27. Name some of the features of a Mallet Compound which
are different from those of any other design.
28. Describe the arrangement of the pipe connections between
the high-pressure and low-pressure cylinder of a Mallet Compound
engine.

( Baldwin Locomotive Works)

Valves and Valve Gear

Of all the various parts of a locomotive, the valve and valve
gear are the most interesting and most important with which
an engineer has to deal. Unless the functions of admission,
cut-off, expansion, release and compression be thoroughly understood, the valve cannot under varying conditions be set to give the
best results of the engine under those conditions.
The function of the valve or valves of a steam engine is tc
admit steam from the boiler to one side of the piston, while the
exhaust from the other side is permitted to escape into the atmosphere. The valve must also close the admission of steam at the
point necessary to give the expansion desired, and it must close
the exhaust port at such a point in the return stroke that when
the return stroke is completed there may be caught between the
pistol., and the head of the cylinder a certain amount of steam to
serve as a cushion to the reciprocating parts of the engine.
All locomotive valves receive their motions from eccentrics or
cranks, which are transmitted to the valve by means of rockers and
links, the whole mechanism being called the valve gear of the
engine. The two types of valves in general use are the slide valve
and the piston valve.
There are various terms which are used when considering
the subject of valves which must be understood before an intelligent discussion of the subject of valve setting can be entered into.
Admission. The period during which the steam passages
from the valve chest to the cylinder are open, and steam of initial
pressure is admitted behind the piston.
623
.

624

VALVES AND VALVE GEAR.

VALVES ANI) VALVE GEAR.

Exhaust. The period during which the exhaust passages are
open and steam is exhausted from the cylinder.
Cut-off. The point in the stroke at which the steam port
closes. 'When the valve is cutting off, it takes the position shown
in Fig. 1. The valve is just covering the port, as shown by the
arrow.

Fig. 1.

Fig. 2.

CUT-OFF.

COIVIPRESSION.
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its work in the cylinder to escape into the exhaust port. This is
shown in Fig. 3.
Angular Advance. By angular advance is meant the angle
which the eccentric is in advance of the position necessary to bring
the valve to its central position when the crank is on the dead
center. In other words, in order that the full pressure of the
steam may come upon the piston at the beginning of the stroke,
the angle between the crank and eccentric is never made 90 degrees, but something greater. The increase above 90 degrees is
called the angle of advance.
Valve Travel. The travel of the valve is the total distance
that the valve moves in one direction. If the valve is moved
directly by the eccentric, it equals practically twice the throw of
the eccentric.

Expansion. The period during which the steam expands in
the cylinder, beginning at the point of cut-off, and continuing
until the steam is released or the exhaust port is open.
Compression. The period during which the steam is compressed, which occurs from the time the exhaust port closes until
Fig. 6.
LEAD.

Fig. 3.
RELEASE.

Fig. 4.
Ov EXTRA VEL.

the end of the stroke. A small portion of the steam is thus retained in the cylinder to be compressed by the advancing piston,
which thus meets with a slight cushion at the end of the stroke,
and all shock and jar are thus prevented. This point of compression begins when the inside or exhaust edge of the valve has closed
the exhaust port, as shown in Fig. 2.
Release. Release occurs when the exhaust edge of the valve
opens the steam port, and allows the steam that has accomplished

Overtravel. Any distance that the valve travels over and
above that necessary to fully open the steam port is called overtravel. This is indicated by the distance 0 T in Fig. 4.
Lap. The lap of a valve is the amount the edges of the valve
extend over the ports when the valve is in the center of travel.
Lap is used on valves so that the steam may be cut off before the
end of the stroke, thus enabling the steam to be used expansively.
Lap on the steam side is called steam lap, and lap on the exhaust
side is called exhaust lap. Fig. 5 shows a plain D-slide valve in
its central position, and A A represents the steam lap and B B
represents the exhaust lap. The purpose of steam lap is to allow
the steam to be used expansively in the cylinder, and the exhaust
lap is used to delay the release of the steam and to hasten compression. If a valve has no steam or outside lap, it would admit
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steam throughout the whole stroke. Another effect would be a
late exhaust, by which is meant that the exhaust would occur at
one end of the cylinder at practically the same moment that
admission occurred at the other end.
Lead. This is the amount the port is open at the beginning
of the stroke. When the engine is on center, the valve is usually
moved on its valve stem, or the angle of advance is adjusted until
the port just begins to open. This Amount of port opening, as
shown at C, Fig. 6, is called the lead, and all successful engines
must have some little lead. It varies in different engines from
1-32 to 5-16 inches. The higher the speed and the more irregular the work, the more lead will be required for any engine.
Eccentricity. The travel of the valve of most modern engines
is caused either by a crank or by means of an eccentric and eccentric strap. This latter arrangement has the same effect as the
throw of the crank, and the distance between the center of the
shaft and the center of the eccentric is called the eccentricity, and
corresponds to -what would be the radius of the crank, the function of both being exactly the same.
Functions of a Slide Valve. There are five principal functions which a slide valve must perform in order that the engine
may do efficient work: First. It must admit steam into only
one end of the cylinder at the same time. Secondly. It must cover
the steam ports so as not to permit the passage of live steam
through both steam ports at the same time. Thirdly. It must
allow the steam to escape from one end of the cylinder before it
is admitted at the other end, so as to give the steam that is to be
exhausted time to escape before the piston commences the return
stroke. Fourthly. It must not permit live steam to enter the
exhaust port direct from the steam chest. Fifthly. It must close
each steam port on the steam side before it is opened to the exhaust side, so that the expansive force of steam can be utilized.
The Effects of Lap. The use of lap compels the steam in the
cylinder to work expansively by cutting off the admission before
the end of the stroke. By virtue of the position in which it must
be set, it prevents the valve from being in its central position
when the engine is at its dead center. The use of exhaust lap
prevents the release of expanding steam before the stroke is cm-

pleted, and closes the exhaust before the exhaust stroke is completed.
Effects of Lead. The effects of lead caused by the moving of
the eccentric are as follows: It increases the angular advance ;
it increases the amount of expansion by causing the steam edge of
the valve to close the admission port earlier ; it increases the effect
of inside lap at one end and decreases it at the other ; the clearance
volume and port passages are allowed to become filled with live
steam, so that full pressure of the steam comes on the piston at the
beginning of the stroke; it causes the reciprocating parts to come to
rest more easily by the admission of a cushion of live steam before
the end of the stroke.
Effect of Changing Dimensions of Valve. Increasing the lap
lessens the lead, makes admission later and cut-off earlier.
An increase in the angular advance increases the lead, makes
admission and cut-off earlier.
If the eccentricity is increased, steam is admitted earlier and
cut-off later, the lead and overtravel being increased.

VALVE GEAR DIAGRAMS.
Valve diagrams show at a glance the movement of the valve
for any movement of the piston, and are very useful for giving
the various events which take place throughout the stroke. There
are various forms of diagrams which are more or less used, but
that developed by Dr. Gustav Zeuner is perhaps the most used and
the most convenient.
Zenner Diagram. Since the crank revolves through an angle
of 360 degrees each revolution, the travel and position of the crank
can be represented by a circle, and since, also, the eccentric center
travels in a circle around the center of the shaft, the eccentricity
or throw of the valve can be represented by a circle.
Suppose, in Fig. 7, 0 X represents the position of the crank
at dead point, then 0 Y will represent the position of the crank
after the crank has traveled 90 degrees in the direction of the
arrow. If it is also assumed that the engine has no angle of
advance, the eccentric will be exactly 90 degrees from the dead
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center, or its center line will occupy the position 0 E when the
crank is at its dead point 0 X. If, then, on 0 E as a diameter, a
circle be drawn, the circumference will represent the movement
of the eccentric or valve when the crank is traveling 180 degrees.
With the diagram as shown in Fig. 7, the engine is represented without lap, so that when the crank is occupying the position 0 X the valve is in its central position. But just as soon
as the crank moves through any angle, as 0 B, the valve will
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with outside lap, and when the port must be opened by an amount
of the lead at the commencement of the stroke, the valve can no
longer be in its central position when the crank is on dead center.
The angle of advance must be greater than 90 degrees, and to represent it on the diagram it is only necessary to revolve the valve
circle through the angle A, as shown in Fig. 8. The diagram is
then constructed as follows:
Describe the circle with a radius 0 X equal to the halfthrow of the eccentric. From 0 measure off 0 B equal to the
outside lap and B C equal to the lead. When the crank pin occu-

Fig. 8.
VALVE DIAGRAM SHOWING THE FUNCTIONS

be opened the length of chord of 0 K. The port will continue
to open until the crank reaches the piston 0 E, at which point
the valve will be at one end of its travel. From this point the
valve continues to close the port, but does not entirely close it
until the end of the stroke, or when the crank has reached 0 Z.
0 K, 0 M, 0 E and 0 N represent the different port openings
for the different positions of the crank.
Lap and Lead on Valve Diagram. When a valve is provided

or

A SLIDE VALVE.

pies the dead center the valve has already moved to the right of
its central position by the space 0B+BC. From C erect a perpendicular C E and join 0 E. Then 0 E will be the position
occupied by a line joining the center of the eccentric with the
center of the crank shaft at the beginning of the stroke. On the
line 0 E as a diameter describe the circle 0 C E; then, as in Fig.
7, the chords 0 31, 0 E, 0 N represent the distance traveled by the
valve from its central position when the crank pin occupies the
position corresponding to 0 D, 0 E and 0 F. But these chords
no longer represent the extent to which the outer edge has opened
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the steam port, because before the port is opened at all the valve
must have moved its central position by an amount equal to 0 B.
Hence to obtain the port opening for any position of the crank
the length 0 B must be subtracted from the length of the chords
M, 0 E, ete.
The amount of lap is thus always represented by drawing
a circle with 0 as a center and 0 B as a radius, and the spaces
S M, T E, etc., give the amount of port op - ning for the respective
positions of the crank.
To follow the action of the valve in cutting off and admitting
steam, take the point W, which is common to both the circles. At
this point the valve has moved to the right by the amount of lap,
and is consequently just on the point of opening the steam port.
Hence steam is admitted before the beginning of the stroke, when
the crank occupies the position 0 H and while the portion of the
revolution H X remains to be accomplished.
When the crank pin reaches X, the beginning of the stroke,
the port is already opened at B C, which is the amount of lead.
From this point until the crank occupies the position 0 E the
port continues to open, as at 0 E the valve has reached its limit of
travel. From 0 E to 0 F the valve is closing until, when the
crank is in the position 0 F, the valve is just covering the port
and cut-off takes place, and the steam in the cylinder commences
to expand until the exhaust opens.
The exhaust opening and closing take place where the inside
lap circle crosses the eccentric circle; that is, at R the exhaust
closes and compression takes place until at if, when live steam is
admitted. The exhaust valve then remains closed until the crank
occupies the position 0 Q, when it opens.
Therefore, the diagram tells the following story:
Steam is admitted to the cylinder at. H before the commencement of the stroke; at dead center X the valve is already opened
by an amount equal to B C; at E the valve has reached one end of
its travel ; at F steam is cut off, consequently admission lasted from
H to F; at Q the exhaust opened, so that expansion lasted from
F to Q ; at R the exhaust closed, and compression begins and continues until fresh steam is admitted at H.
Many problems, otherwise complex, can be easily solved by
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means of this form of diagram. One of these is as follows:
Given the angle of advance, valve travel and cut-off, to find the lap
and lead of the valve. The solution is shown in Fig. 9, and the
construction of the valve diagram is as follows:
Since the valve travel is known, describe a circle with the
radius 0 A equal to one-half the valve travel, and draw its vertical and horizontal diameters. The angle of advance being given,
lay off the angle B 0 E, marked D, equal to it. Then 0 E will

Fig. 9.
METHOD OF FINDING LAP AND LEAD.

represent the position occupied by a line joining the center of the
eccentric with the center of the crank shaft. On the line 0 E
as a diameter describe a circle. Then any chord drawn from 0
to the circumference of the circle will represent the space traveled
by the valve when the crank is in that position; for instance, when
the crank would be on its dead center, as represented by line 0 A,
then the distance 0 C will represent the amount the valve has
moved from its central position.
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The cut-off being given, lay off on the line A M from A the
proportion of the stroke that cut-off is to take place, as at X;
draw P X perpendicular to A M and draw P O. P 0 represents the position of the crank at cut-off, and the distance 0 R
represents the steam lap. With 0 R as a radius and 0 as a
center, draw the steam lap circle which crosses 0 A at S and the
eccentric circle at T. S C represents the amount the port should
be opened at the beginning of the stroke, and hence is the amount
of lead, and the angle A 0 L, marked V, is the angle of lead.
Therefore, by measuring 0 R and S C the amount of lap and lead
can be easily obtained.
As all problems bearing on valve gearing involve the relation
of such variables as the inside and outside lap, the angle of advance, the throw of the eccentric, the admission and cut-off of
steam, and the opening and closing of the exhaust, a study of the
above diagram will be most profitable.

BALANCED VALVES.
The purpose of the balanced valve is to remove the steam
pressure from the top of the valve, so that the wear on the valve
seat will not be so great. This subject of relieving slide valve engines of a portion or the whole of the excessive steam pressure to
which the valve is subjected, while performing its customary ftmetion, has resulted in the design of a number of devices, many of
which have failed, however, in the purpose for which they were
intended, principally on account of the fact that they do not take
into consideration the irregularity of the wear on the valve seat,
which, if not provided for, will cause leakage of steam and develop
more trouble than that which it is intended to remedy.
The Wilson Balanced Valve. One type of valve which is made
for the purpose of relieving the pressure on the valve is shown in
Figs. 10 and 11, which represent a top view and cross-section of
the Wilson high pressure slide valve. The valve has two faces,
• and is similar to the " gridiron " valve, one face acting against the
valve seat and the other against the balanced plate. The face of
the balance plate is an exact duplicate of the cylinder valve seat,
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and forms a second valve seat„ against which the valve operates
in unison. The back or opposite side of the balance plate contains
one large or main cone, C, and two small, or port cones, P, on the
interior of the main cone, on which the packing rings are placed.
This arrangement forms the balancing feature of the valve, the
upper face of the packing rings forming joints against the pressure plate. Two grooves are cut in the face of the pressure plate,
which are in line with the corresponding grooves in the balance
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TOP VIEW OF 'WILSON BALANCED VALVE.

plate. Into them two centering rings, R, are placed. Under
normal conditions these rings hold the balance plate in alignment
with the valve seat. The balanced area of the valve is automatically changed, so as to correspond with the changed conditions of
the valve on its seat at different points in its travel. In applying
this valve to the engine, it is important that the face of the balance plate, or upper valve seat, shall he in alignment with the
cylinder seat, in order to secure simultaneous action of the valve
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at both faces. Direct communication from one cylinder port to
the other is always maintained by reason of the ports A and E
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strips B B prevent the steam from entering the rectangular space
enclosed by them, and a small hole, C, communicating with the
exhaust cavity in the valve, relieves the space above the valve from
any accumulation of pressure. There are four packing strips of
cast iron placed in grooves cut in the top of the valve. Beneath
each packing strip there is a light elliptic spring, which holds the
strips in position. These different sections maintain a steamtight contact by a direct steam pressure with the balance plate.
The Allen Balanced Valve.
The Allen valve is designed
to partly prevent the wire-drawing of the steam when high speeds
are maintained with early cut-offs. As shown in Fig. 13, an addi-

Fig. 11.
CROSS-SECTION OF WILSON BALANCED VALVE.

through the valve. A port ring M is used to balance the pressure
in the port of the balanced valve, which would tend to lift the
plate off the seat.

Fig. 12.
TIIE RICH &EDSON BALANCED VALVE.

The Richardson Balanced Valve. This type of balanced slide
valve is shown in Fig. 12. The balanced plate A A is bolted to
the cover of the steam chest, or may be cast with it. The packing

tional passage for the inlet of steam is furnished. It will be
noticed that when the steam port is opened one-half inch in the
ordinary manner the port of the cored passage is also opened a
like extent on the other side of the valve. Consequently the
effective area of the steam port is doubled, and is thus equivalent
to a single port with a one-inch port opening. To secure the best
results from the use of the Allen balance valve, its ports and
bridges should exceed the full travel of the valve by at least oneeighth of an inch, and the radius of the link should always be as
long as permissible, so as to avoid excessive leads when cutting off
early in the stroke.
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PISTON VALVES.
The piston valve, which has come into such extensive use for
all classes of locomotives, had its first extensive use in high pressure
cylinders of cross compound engines because of the difficulty experienced in balancing large slide valves when higher pressure
began to be used. In the earlier types these valves were of the
outside admission type, because the low pressure slide valve was
also necessarily of that type, and it was considered desirable to
maintain the valve gears the same for both sides of the engine.
With the introduction of the direct valve motion, the inside admission type of piston valve began to be used. The earlier piston
-
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could contract or expand ; but they have all gone out of use, the
nearest thing to the solid piston valve in general use being the
"American " piston valve.
The American Semi-plug Piston Valve. This valve is called
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Fig. 15.
PISTON VALVE BUSHING.

semi-plug because when the throttle is closed it is a snap-ring valve;
that is, the packing rings are expansible and fit themselves to the
valve chamber, but when the throttle is opened the steam is admitted to the chest to enter the space below the rings, and the action
of this pressure is to lock the snap rings in a fixed diameter, mak-

Fig. 14.
SOLID TYPE OF PISTON VALVE.
valves were of solid one-piece construction, as shown in Fig. 14;
but, on account of having to snap the piston rings over the solid
heads, it was found that this practice always stretched the ring
and caused a poor fit. For this reason the built-up valve, which
enables the piston ring to be slipped into place without distortion,
is now used to a large extent.
Piston Valve Bushings. Piston valve bushings ordinarily
have from 7 to 9 bridges, as shown in Fig. 15, the one at the bottom being wider than the others bcause of the joint in the packing
ring at this point. As these bridges obstruct the flow of steam,
the fewer there are the better. If the valve did not require packing rings, there would be no need for bridges. To overcome this
difficulty, solid valves have been used which ran in bushings which

ing practically a plug of it during the time the pressure remains
on. This is all-important in a piston valve, for to secure proper
service it is necessary to maintain true cages in order to maintain
steam-tight valves. Steam-tight valves cannot be secured without
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proper design and construction of rings to begin with, and the
absolute regulation of their frictional contact against the cage to
prevent wear of the cages while the valve is working at short cutoff. In addition to this, it is absolutely necessary to prevent
lateral wear. In order to accomplish all of these necessary features, this semi-plug valve has been designed on the principle of
leverage by wedges, the pressure acting upon the wedges, as shown
in Figs. 16 and 17.
The outside walls of the snap rings shown at A, Fig. 17, are
straight, and fit against the straight wall of the follower and spool.
The inner walls of these snap rings are beveled, forming a cone.
Next to the snap rings are wall rings, B, the sides of which are
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cones is ranch greater on the double-tapered wedge ring than on
the snap rings. These angles are so calculated that, while the
pressure is underneath all the rings, the leverage of the doubletapered wedge ring, crowding the solid wall rings against the
cones of the snap rings, is just sufficient to prevent the snap rings
from further expansion, but not sufficient to reduce the snap rings
in diameter. The frictional contact of the snap rings against the
valve chamber depends entirely upon these angles, and it can,
therefore, be regulated to any desired degree. Following the
action of this valve when steam is admitted to the steam chest, it
passes through the small holes around the spool, and finds an outlet,
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Fig. 18.
PISTON VALVE USED ON THE COLE BALANCED

COMPOUND

PACKING USED ON AMERICAN SEMI-PLUG PISTON VALVE.

LocomoTivE.

beveled to fit the cones of the snap rings. These wall rings are
uncut, non-expansible steel rings. Between these wall rings, in
the center, is placed a double-coned expansible ring, called a wedge
ring, D, and which, with the wide ring, C, interlocked into each
snap ring forms the complete packing. The wide ring performs
the functions of carrying the snap rings across ports while drifting, and keeping the snap rings parallel with each other.
The operation of the valve is as follows: Wedge ring, D,
being under tension, its tendency is to crowd the two solid wall
rings laterally against the cone sides of the snap rings, A. This
prevents lateral wear of all rings. The degree of angle on the

first, under the first snap ring, and, second, under the central
wedge ring. The velocity of steam from these holes against the
first snap ring insures its fitting the valve chamber, and the action
against the wedge ring is to place it in position for the pressure to
lock up the rings. The packing consists of the combination of
rings, which are free to move up and down on the spool so that the
rings may fit the cage perfectly correct, regardless of any variation
in the position of the spool. As it is disastrous to the valve cage
to allow the spool to ride on it, as it wears the cage out of true, and,
therefore, destroys the perfection of valve service, no provisions
are made for carrying the spool on the rings, and the spool must,
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therefore, be carried on the valve rod. This is one feature essential in using this valve.
The valves are made for internal and external admission,
and have been made for both, that is, reversible, in which case the
valve is used as a reversing gear by changing the steam to internal
A
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Fig. 19.
DOUBLE-PORTED VALVE USED ON LOW PRESSURE CYLINDERS OF

CorarouND LOCOMOTIVES.
or external admission. The rings of this valve are all machined
in their working diameters. The packing rings are lapped with a
solid steel joint-plate, the side of which is beveled, bringing it to
a sharp edge at the periphery of the ring, thereby avoiding any
notches in the seam or exhaust lines of the valve.

Fig. 20.

Fig. 21.

Fig. 22.
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Fig. 23.

TYPES OF PISTON VALVE PACKING.

Two types of piston valve which are used on compound engines
are shown in Figs. 18 and 19. Fig. 18 represents a piston valve
which is used on both the high and low pressure cylinders of the
Cole balanced compound engine. In this valve the body or spool
consists of seamless steel tubing, with light case steel ends riveted

on. Fig. 19 represents a double-ported valve used on the low
pressure cylinder of a cross compound engine for passenger service.
This arrangement gives a large port opening necessary for high
speed work and large cylinders.
Piston Valve Packing The earlier types of piston packings
are shown in Figs. 20, 21 and 22, that shown in Fig. 22 having
been used quite successfully with low steam pressures; but as pressures increased the types shown in Figs. 23 and 24 came into
general use. The L-shaped piston packing shown in Fig. 24 is
practically standard throughout the country to-day. The packing
ring is L-shaped, the T-ring composing the middle of the face
being a non-expansive ring.
Packing rings are turned from 1-16 to 3-32 inches larger than
the bore, according to the size of the valve; then from 1-8 to 3-16
inches is cut out, the ring clamped together in a jig and turned to
nominal size. This gives a ring which will bear all around the
bushing and wear equally.
Diameter of Piston Valves. The diameters of piston valves
for different bores are given in the accompanying table. The table
also shows the net length of the port, with the bridges deducted,
for each diameter and the corresponding length of the slide valve
port in common use.
Diameter of
Cylinder

Diameter of
Valve

17
18
19
20
21
22
23

10
11
11
12
12
12
14

Net Length of
Piston Valve Port

25
261
261
30-11
301
301
34

Length of
Slide Valve Port

16
16
18
18
18
20
20

Lubrication of Piston Valves. There are two methods used
for oiling inside admission piston valves. One method admits
the oil to the center of the steam passage in the saddle, while the
second involves the use of branch pipes, which deliver the oil at
the top of the valve itself through a hole in each bushing. The
41
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latter method is considered more certain and economical, provided
that the oil holes are not spaced so widely apart that the steam ring
passes them, thereby making it dependent upon the exhaust ring
to keep the oil out of the exhaust passage, because the exhaust
rings are more or less unreliable, and as a result the oil will be
blown past them and is lost. When this method is used, the oil
studs should be so spaced that the valve will just wipe off the drop
at the shortest stroke.
Material Used for Bushings and Packing Rings. The following specifications for castings used for bushings and packing rings
have been adopted by the American Master Mechanics' Association as follows:
Silicon
Phosphorus
Sulphur
Manganese
Combined Carbon
Graphite Carbon
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this is not considered a serious objection. As regards the valve
jumping at exhaust, it is worse with a valve follower having a
considerable overhang than with one having a long bevel. Valves
which have a large diameter of body, forming a free communica-

1 25 to 1.60 per cent
44
50 to .80
ti
.06 to .10
CC
30 to .60
LC
50 to .70
LC
2 75 to 3.25

Advantages and Disadvantages of the Piston Valve. The advantages of the piston valve are perfect balance; a simple and
cheap cylinder casting; a wearing face separate from the cylinder
casting, which can be cheaply renewed; ports in cylinders may be
made straight and direct ; its adaptability to any design of valve
gear. Generally speaking, its tightness is conceded to be about
equal to that of a good slide valve.
Among the disadvantages of the piston valve may be mentioned that the size of valve required for a given diameter cylinder
is quite large, owing to the existence of the bridges in the valve
ports; in some types the clearance required is large; valves with
inside admission have a tendency to jump at the moment exhaust
takes place; the collapse of the exhaust ring just prior to release,
which causes increased wear on the ring and its faces; its inability to relieve excess pressure in the cylinder port by lifting,
after the manner of the slide valve. As regards the disadvantage due to cylinder clearance, with the proper design of valve,
the clearance can usually be kept between 6 and 8 per cent, so that

Emir are.

Fig. 25.
DIFFEnENT TYPES OF VALVE MOTION.

tion between the opposite ends, do not exhibit this fault to such
a degree, as the exhaust pressure is somewhat equalized.
The inability of the piston valve to relieve the excess pressure
is its greatest disadvantage. When the piston valve is used, some
sort of cylinder relief valve is necessary. For this purpose, the
ordinary spring top valve is used with success, as well as various
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types of by-pass valves, the objection to the latter, however, being
that they increase the cylinder clearance.
Setting Piston Valves. There are two classes of piston valves
in use: those which admit steam to the cylinders from their outer
edges and those which admit steam from the central portion, or
from the inside of the valve. The former are called outside admission valves, and the latter inside admission valves. The outside admission valves are similar to the ordinary " D " slide
valve, and they are set in the same manner that a " D " valve is

Fig. 26.
METHODS
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or below the pivot point. This is called a direct motion because
the movement of the eccentric produces a like movement of the
valve. There are therefore four combinations to be considered
when setting a piston valve. These are shown in Fig. 25.
Before setting a piston valve it is necessary to know which
kind of motion is used and also the kind of valve. When the
valve 'is of the outside direct type, if the crank pin be represented
by the figure 9 on the dial of a clock shown in Fig. 26, and the
center lines of the eccentrics by the hands, the latter will stand
approximately at five minutes past five. This is called the afternoon, or P. M., style of setting. Since the outside admission
valve resembles the " D " slide valve, the arrangement of eccentrics conforms to stationary practice. With the inside direct
valve the eccentrics lie on the same side as the crank pin, and their
lines make what is called a morning, or A. M., setting. In this
case, with the crank at 9 on the dial, the lines through the eccentrics will mark approximately twenty-five minutes to eleven, as
shown in Fig. 27. The outside admission valves with indirect
eccentrics are also set with the center lines to correspond to the
hands when set at twenty-five minutes to eleven, while the inside
admission indirect eccentrics are set the same as the outside direct,
or five minutes past five, as shown in Fig. 26. The inside direct
and outside indirect are therefore set as shown in Fig. 27, and the
outside direct and inside indirect valve motions have their eccentrics set as shown in Fig. 26.

Fig. 27.

OF DETERMINING POSITIONS OF ECCENTRICS.

set. The setting of any valve is modified by the method of connecting it with the links and the eccentric rods. There are
two ways in which this connection may be made. The first is
with an ordinary rocker, pivoted in the center with one arm up and
the other down. This rocker transforms a forward movement of
the eccentric rod into a backward movement of the valve, and is
therefore called an indirect motion. The second is where the
valve stem and transmission bar (which terminates in the link
block) are attached to rockers, the arms of which are both above

VALVE MOTIONS.
There are various kinds of valve motions which have been
invented for the purpose of properly distributing the steam to the
steam cylinder of an engine. The principal ones which have been
used on locomotives are the Stephenson link motion, the Gooch
link motion, the Joy valve gear, the Allan link motion, and the
Walschaert link motion. All of these link motions have been devised for the purpose of not only distributing steam to the engine
properly, but also to reverse the engine and give any speed of the
locomotive required. Of all the various types of valve motions
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THE STEPHENSON VALVE MOTION.
The Stephenson valve motion consists of two eccentrics, two
eccentric straps, two eccentric rods, a link, link block, hanger,
rocker arm, rocker shaft, tumbling shaft, reversing rod, reversing
rod arm and valve stem. The arrangement of these parts is shown
clearly in Fig. 28, and each valve has the same arrangement for
giving it its proper motion.
The movement of the valve, which derives its motion from
two fixed eccentrics by means of a link, is very complex. These
complications arise from the irregularity of motion which is introduced by the angularity of the eccentric rods, the movement of
the link, and the rising and falling of the link, which is commonly
called the slip. The angularity of the main rod also introduces
irregularities into the motion of the piston which affects the points
of cut-off and exhaust closure.
Arrangement of Parts. Referring again to Fig. 28, it will
be seen that the eccentrics are keyed to the main shaft, their centers being indicated by A and B respectively. The eccentric
straps are attached to the eccentric blades, and these in turn are
bolted to the link near both the bottom and top, the forward eccentric blades being attached to the top of the link, and the backing
eccentric being attached to the bottom of the link. The slide valve

STEPHENSONLINKMOTIO N-.

which have been designed for this purpose, there are only two
which have survived in this country, and they are the Stephenson
link motion and the Walschaert link motion. Up until a few
years ago, the Stephenson link was used almost exclusively in this
country, but within the past few years the Walschaert valve motion
has come into extensive use, and is crowding the Stephenson motion in maintaining its position as the leading type of American
locomotive valve gear. The Gooch link motion and Joy valve
motion have been used principally in Europe, and the Allan link
motion, although it balances the valve parts very evenly, has fallen
into disuse, so that in the discussion of types of valve gears used
in American locomotive practice the Stephenson and Walschaert
are the principal ones that need be extensively considered.
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is attached by its stem to the top arm of the rocker. The link block
which fits and slides freely in the main link is attached to the
lower rocker arm. The rocker which moves back and forth
reverses the motion of the valve. The center of the link is spanned
by a plate called the saddle, on which is formed the pin or stud
that supports the link and eccentric rods. The saddle pin is
attached to the link banger, the other end of the link hanger being
attached to the short arm of the tumbling shaft.
When the reverse rod is attached to the long arm of the

tion of the length causes the valve to be under the influence of both
eccentrics, and since their motions oppose each other the travel is
reduced until when the block is in the center position the valve
has practically no motion at all.
The arrangement of parts of the Stephenson link, as manufactured by the Baldwin Locomotive Works, is shown in Fig. 29.
The axle is shown at A; the eccentric at E; the front half of the
eccentric strap at C; the back at D; the forward motion eccentric rod at E; the backing eccentric rod at F; the reverse link at
G and H; the distance piece at I; the saddle at J; sliding block
at K; link lifter at L; reverse shaft at M; counterbalance spring
at N; reverse shaft bearing at C; reverse lever rod at P; rocker
shaft at Q ; rocker shaft box at R; and valve rod at S.
Peculiarities of the Stephenson Link Notion. The Stephenson link motion has certain peculiarities. If the valve have neither
lap or lead, and the eccentrics were connected 180 degrees apart,
the valve would have no motion when the block is in the middle
of the link. The angle between the eccentrics is not 180 degrees,
on account of the lap and lead, so that when the block is in its central position under these conditions the valve is moved, but usually not sufficient to open the port. With the block at intermediate points above or below the center, the travel of the valve is
less than the full throw of the eccentric, so that earlier cut-off
and greater expansion will be obtained by this diminished throw,
and yet without seriously distorting - the exhaust closure, since the
angular advance of the eccentric is not changed.
The principal objection to the Stephenson link, as far as the
steam distribution is concerned, has been its variation of lead at
different points of cut-off, although it is of no great disadvantage
in locomotive practice to have the compression increase with early
cut-off.
The increase in lead is caused by bringing the reverse lever
nearer the center of the quadrant, or, as it is usually called,
" hooking her back," in order to cause cut-off to take place earlier,
the increase in lead being due to the radius of the link.
Radius of the Link. Providing the rocker arm has no backset, the correct radius of the link is the distance on a horizontal
line from the center of the main driving shaft, which carries the
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tumbling shaft, the shaft itself freely oscillates on rigid bearings.
As shown in Fig. 28, the link is in full forward gear, and the valve
is therefore under the complete influence of the upper eccentric
rod and eccentric A. By drawing back the reversing rod, and
thereby raising the link until the pin of the other eccentric rod
is in line with the pin of the lower rocker arm, the backing eccentric 33 will entirely influence the valve motion. Therefore, by
changing the position of the reversing rod the valve motion may
be reversed at the will of the engineer. Any intermediate posi-
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eccentrics to the center of the rocker shaft. If the rocker has
any back-set, subtract the amount of back-set from this length.
Travel of the Valve. The travel of the valve cannot be less
than twice the sum of the width of the steam port and lap. When
the rocker arms are of equal length, the throw of the eccentric is
equal to the travel of the valve. The travel, approximately correct, can be found by adding together the width of one steam port,
the outside lap, one and one-half the width of the bridge, and
double the entire amount.
The travel of the valve is twice the sum of the steam port, plus
the lap, plus any amount of overtravel which the valve may have.
For instance, if the width of the port is 1 inches, the lap of an
inch, and the overtravel inch, the travel of the valve is five inches.
Throw of the Eccentric. The throw of the eccentric may be
determined by finding the distance between the center of the
shaft on which it is mounted and the center of the eccentric. It
can also be obtained as follows: Measure the greatest distance
from the shaft to the outside of the eccentric, then measure the
least distance to the outside of the eccentric, the difference between the greatest and the least distance will be its throw. If
both arms of the rocker are of the same length, the throw of the
eccentric should be the same as the travel of the valve. If the
rocker arms are of unequal length, the top arm being the longest,
then to find the throw multiply the length of the lower arm by the
travel of the valve, and divide the result by the length of the top
arm.
Length of Eccentric Blades. The length of the eccentric
blades is the distance from the center of the eccentric strap to the
center of the link pin hole. If the rocker has no back-set, the
correct length of an eccentric blade should equal the exact distance on a horizontal line between the distance of the main driving shaft and the center of the rocker box, less the distance from
the link arc to the center of the link pin-hole. If the rocker arm is
back-set, subtract the amount of back-set from its length. To
find the length of an eccentric blade of a given engine, see that
the shoes are properly tightened, and place a straight-edge across
the two main shoes. Drop a plumb line through the center of the
rocker box, measure the distance from the straight-edge of the

line, and add to this length one-half the thickness of the drivingbox, then subtract from this sum the distance from the center of
the link block to the center of the link block hole, and the difference will be the length of the eccentric blade. Should there be
anv back-set of the lower rocker arm, this should also be subtracted.
Valve and Stem Yoke. Since most modern locomotives have
their cylinders and valves parallel to the wheel centers, the length
of the valve stem yoke can be obtained by dropping a plumb line
through the center of the rocker shaft and measuring the distance
from this line to the center of the exhaust port. This will give
the correct length for the valve stem from the center of the yoke to
the center of the rocker pin-hole. If the valve seat is inclined,
the top arm of the rocker should be set at right angles with the
valve seat. This may be done by placing a long straight-edge on
the valve seat and using a two-foot square at the rocker and setting the center line of the rocker arm true with the square and
measuring the distance from the center of the rocker arm to the
center of the exhaust port. This distance is the length of the
valve stem and yoke.
Link Hanger. When finding the length of the link banger,
the top arms of both the tumbling shaft and the rocker should be
perpendicular or in their correct positions, then from the center of
the lower rocker arm and on a horizontal line with it lay off the
back-set of the saddle stud, and from this point find the distance
to the center of the short arm of the tumbling shaft. This will
give the correct length of the hanger.
Length of Reach Rod. To find the length of the reach rod,
first place the reverse lever and top arm of the tumbling shaft in
their proper positions, then plumb the reverse lever and find the
exact distance between the center of the hole in the reverse lever
and the center of the hole in the tumbling shaft arm. This will
give the correct length from center to center.
Back-set of Rocker Arm. As the top and bottom arms of the
rocker are entirely independent of each other as regards the
amount of back-set which they have, either of them may have
more or less back-set than the other. The top arm should be
at right angles to the valve seat and the bottom arm at right
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angles to the center line of motion, in which case each arm will
travel an equal distance from its central position. The method
of finding the back-set of a rocker arm is shown in Fig. 30. Draw
a horizontal line, A B, parallel with the line centers, and locate
the point H the correct distance from the main shaft and the right
distance above the line, A B. This point indicates the center of
the rocker shaft. Now erect the perpendicular, C D, at right
angles to the valve seat, with a pair of dividers set to the length of
each rocker arm, and describe arcs from the point H, equal in
length to each rocker arm, then draw the line E F through the center of the shaft which intersects the lower are and represents the
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above the frame, the difference between two measurements will
indicate the length of the top arm, and if the rocker box is below
the top of the frame, measure the distance it is below the frame,,
add these two measurements together, and add about oneeighth of an inch to provide for the circular motion imparted to
the valve stem. The result will be the length of the rocker arm.
If both arms are of equal length, the movement of the valve will
be the same as the movement of the eccentric ; but if the valves are
of different lengths, they must be proportioned according to the
throw of the eccentric and the valve motion required. If the
throw and travel and length of the bottom arm are known, the
length of the top arm can be obtained by multiplying the length
of the lower arm by the travel of the valve, and dividing the resuit by the throw of the eccentric.

■
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r

Fig. 30.
How

TO FIND BACK-SET OF ROCXER-ARIA.

length of the lower rocker arm. Through the center H erect the line
G H at right angles to the line E F, the distance between the line
C D and the line G H of the lower arc is the required back-set, the
line E F being the center line of motion. With this method the
length of the eccentric rods and rocker arms must, of course, be
known. When the throw of the eccentric and the travel of the
valve are known, the length of each rocker arm can readily be determined, provided the position of the rocker box is known.
Place a straight-edge across the top of the frames and measure the distance to the center of the rocker box, then measure the
distance to the center of the stuffing box. If the rocker box is

Setting the Valves. The correct setting of the valves of a locomotive means that the adjustment of the positions of the eccentric
on the driving axle and the lengths of the eccentric blades, valve
rods and valve stems should be such that each valve will give the
required distribution of steam to the piston that it has to serve.
I3efore beginning to set the valve, all parts of the valve gear should
be properly adjusted, so that there is no lost motion, the go-ahead
eccentric rod being attached to the top of the link and the back-up
eccentric to the bottom end of the link. A large majority of locomotives are equipped with the indirect motion, in which the eccentric that controls the valve always follows the crank pin; that is,
when the pin is on the forward center, for instance, the body of
the go-ahead eccentric will be above the axle and that of the back-
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ing eccentric will be below. Both eccentrics will be advanced toward the crank pin the amount of the angular advance.
The eccentrics should be placed in their approximate positions, and the set-screws slightly tightened. Having done this,
the ports should next be properly located on the valve rod. To
do this the steam chest covers must be removed, the valve rods
adjusted for lost motion, and the stuffing box gland should be
in its proper position.
For convenience in setting the valves, the location of the
valve should be marked on the valve rod by means of a tram. As
shown at P in Fig. 31, the forward port is just about to open.
When the valve is in this position, mark the corresponding point on
the valve rod by means of a tram, which has its fixed point, A, on
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points may be marked on the valve stem by laying off from the
point C a distance equal to the inside lap and inside clearance.
These points should be marked so that their significance will always
be known.
Having found the various points on the valve stem to correspond to the different valve events throughout the stroke, the dead
centers of each crank pin should be accurately found. It is very

METHOD OF FINDING CENTRAL POSITION OF VALVE.

the cylinder, the point being indicated by D on the valve rod.
Now move the valve ahead so that back port and back edge of the
valve come in line, as shown in Fig. 32. Now take the same tram,
and from the same point A scribe the line B on the valve rod.
The center D represents the forward port mark and center B the
back port mark. The central position of the valve should also be
found by dividing the distance between B and D, as shown at 0,
Fig. 32. The points D and B represent the points of admission
and cut-off, and the distance from B to C and D to C represents
the lap of the valve.
If the valve should have neither inside lap nor inside clearance, the point C will represent the points of both release and compression. If the valve has inside lap or inside clearance, these

Fig. 33.
ARRANGEMENT FOR MOVING DRIVERS.

important in valve setting that these be found, because while the
crosshead moves very little when the crank is approaching the
dead center, the valve is moving at nearly its greatest speed, so
that a slight error in locating the center will considerably affect
the proper setting of the valve.
The dead center of an engine occurs when the center of the
crosshead pin, the center of the crank pin and the center of the
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driving axle are exactly in line. As each crank pin must pass
two dead centers in each revolution, there are therefore four dead
centers in each revolution which should be located and marked.
These are, first, the right forward dead center ; second, the right
back dead center ; third, the left forward center; and fourth, the
left back center.
In finding the dead centers it is necessary to move the driving
wheels, so that in many shops it is usual to find some sort of an
equipment, as shown in Fig. 33, which allows the drivers to be
mounted on rollers, so that they can be easily and accurately
turned. In finding the right forward dead center, turn the driv-

tip all the lost motion in the valve gear, and bring the engine back
until the center Ii comes exactly under the point of the tram. The
engine is now on the right forward dead center, and a vertical line
should be drawn on the guides to exactly correspond with the front
end of the crosshead.
A similar method is shown in Fig. 35. Make a center-punch
mark at any convenient place on the wheel cover, say at E. Then
turn the wheels ahead until the crosshead is at one-quarter of an
inch from the end of its travel. With one point of a tram placed
in the point E scribe an are F on the edge of the tire, and before
moving the wheels, with the same tram, and with the point J on

C

Fig. 34.

Fig. 35.
MF.TIIOD OF PUTTING LOCOMOTIVE ON CENTER.

METHOD OF PUTTING AN ENGINE ON CENTER.

ing wheels forward until the crosshead is within an inch of the forward end of the stroke, as shown in Fig. 34. Make a mark upon
the frame as at C, and with a wheel tram set in center C, describe
an arc A on the tire of the wheel. Make a fixed mark upon the
crosshead guide as at F, and with a crosshead tram draw the arc G
upon the crosshead. Now turn the wheel ahead and past its center
until the mark G comes opposite the point of the tram. Then with
the wheel tram set in center C scribe an are B on the tire. Next
bisect the distance between A and B, and mark the point H as
representing the center point. Having found the center point H,
throw the reverse lever into the extreme back notch, so as to take

the front guide block as a center, scribe the arc IC on the crosshead. Now turn the wheels ahead past the center far enough to
bring the arc K back of the tram point. When the other end of
the tram is in the center punch mark J, turn the wheels slowly
backward until the arc K has the same position that it had. Then
its position can be found by holding one point of the tram in J and
stopping the wheels when the other point reaches the arc.
Now scribe the are C on the tire, using E as the center. With
dividers bisect the distance between G and F and get the point H.
Having found the point H, the pin is now a short distance below
the center. Throw the reverse lever back as far as it will go, then
turn the wheels backward until the tram will reach from E to H,
42
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and the pin is then exactly on dead center. The valves can now be
set.
Referring again to Fig. 34, take the valve tram, and from the
point A scribe an arc on the valve rod. The distance that this arc
is from D indicates the position of the valve as regards the lap or
lead for backward motion. Now bring the wheels back until the
crank pin is about six inches above the dead center. Then put the
reverse lever in full forward motion, and bring the crank around
again to its dead center. With the valve tram again set at A, draw
another mark on the valve stem. The distance that this point is
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Fig. 36.
METHOD

Or ADJUSTING LENGTH OF ECCENTRIC RODS.

from F will give the amount of lap or lead the valve has in forward motion. If the arc comes between the port marks, it indicates lap, if outside it indicates that the valve is at the point of
cut-off; and since the valve is to travel equal distances each way, it
follows that by measuring the distance from B and D to these arcs
it may be determined how much the eccentric rods require to be
lengthened and shortened. An enlarged view of the right and
lefthand rods, which have been marked as shown in Figs. 31 and
32, is shown in Fig. 36.
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To determine whether the eccentric blades require to be
lengthened or shortened, the following rule can be adopted: If
in Fig. 36 the marks on the valve rod are both back or both ahead
of port marks B and D, the length of the eccentric blades should
be altered an amount equal to one-half the sum of the distances between the port marks and the arcs. If one mark is back and the
other is ahead of their respective port marks, the length of the - blade
should be changed an amount equal to one-half the difference of
the distances between the port marks and the arcs.
Suppose the distances as shown in Fig. 36 give
lead on
the forward port mark and 1-16-in. lap on the back port mark.
Therefore, the blade must be shortened one-half the sum of these
distances, or 5-32-in. This will square the valve for the right forward motion; that is, the motion will be equalized in either direction from midtravel. After the blade is shortened 5-32-in., it will
be found that the valve has moved ahead that distance from its former position, so that by deducting the 1-16-in. lap from 5-32-in.
which the motion is changed leaves 3-32—in. lead at the back end
also. Assuming that the valves require 1-32-in. lead, it will be
found that to make the proper adjustment will require the right
eccentric blade to be shortened 5-32-in. and the lead to be reduced
1-16-in.
The right backward motion should be next examined. Suppose that in this case the measurements show that the valve has
1-16-in. lead at the forward end and kin. lap at the back. The
right backing blade must therefore be shortened (i+A)=
3-32-in. This will square the valve for the right backward motion; but there will be 1-32-in. lap at both ends when 1-32-in. lead
is required. Therefore, the blade must be shortened 3-32-in. and
the eccentric turned ahead to get 1-16-in. more lead.
The two left eccentric motions should then be examined and
data secured which will also square the left valve. The length of
all the eccentric rods should then be adjusted and the eccentrics
set, but before doing so it will be necessary to have lead marks on
the valve rods for a guide. These are shown at M and N in Fig.
37, and are 1-32-in. from B and D.
Put the engine again on the center and move the eccentrics
upon the driving shaft until the lead marks come opposite the
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tram, which has its center on the frame A as shown in Fig. 32.
Care should be taken in this operation so that no lost motion enters
into the setting. The lost motion should be taken up by moving
the eccentrics in the direction in which the engine is to run. This
is a very important matter in taking up the lost motion for either
forward or backward motion. The valves now have the same
amount of lead on both ends and the engine is square. The
eccentrics should next be secured firmly to the shafts, care being
taken that they are not moved in any way during this operation.
Another important matter that should be investigated be-

should be equally distributed with the lever in the working notch
than with it down in the corner.
Should the cut-offs be unequal after the valves are set for equal
lead, it may often be advisable to change the length of the backward eccentric blades, thus sacrificing equality of lead and cut-off
in the back gear to obtain a more perfect motion in the forward
gear, as a locomotive, except it be a switching engine, does the
greater portion of its work in the forward gear.
To examine the valves for equal cut-offs,-put the engine on
dead-center, and throw the reverse lever in the position in which
it is generally used. Then move the engine until the tram, which
has its center at A, Fig. 31, falls into the point D. This will indicate the point of cut-off, and the position of the crosshead should
be marked on the guide. Perform this operation for the other
end of the cylinder and both ends of the opposite cylinder. Should
the cut-off take place at 7 inches from one end and 8 inches from
the other, then to equalize the cut-off the valve tram should fall
into the points B and D when the crosshead is 7i inches from each
end of the stroke. This latter distance should be laid off on the
crosshead guide and the crosshead brought up to the mark. With
the valve tram a small line should be drawn on the valve stem
from A, Fig. 31. This mark will come a slight distance from D,
and will show how much the eccentric blade should be shortened
or lengthened. The cut-off should be equalized for the other side
in the same manner.
The most difficult part of the valve-setting will here be met
with if the equalized cut-offs in each cylinder vary considerably. In order to overcome this unequal condition, one of two
things may be done, either lengthen the link hanger on the one
side or shorten it on the other. If it is decided to lengthen the
link hanger on the side which gives the shortest cut-off, the following method may be adopted: Put the reverse lever in same
notch that it was when the cut-off in forward gear was found.
Measure the distance from any stationary point to the center of
the pin to be moved. Now move the engine ahead until the crosshead comes to a point which will give the same cut-off for both
cylinders; that is, if it cuts off at 8 inches on one side and 9 inches
on the other, bring the crosshead to a point 84 inches from one
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LEAD MARKS ON VALVE STEN!.
fore being sure that the valves are set properly is the position
of the points of cut-off in each cylinder. While it is not usual
to find locomotives cutting off in both cylinders at the same
portion of the stroke, owing to the irregularity of the valve gear,
yet at the same time it is advisable, as far as possible, to obtain
the same distribution in both cylinders. As a locomotive performs the principal part of its work with the reverse lever hooked
back towards the center notch, and with the valves cutting off at
early points in the stroke, it is more important that the steam
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end of the stroke. Now move the reverse lever about 4 notches,
and with the point of the valve tram in center A move the lever
back until cut-off occurs, as indicated by the tram. Now measure
the distance again from the same stationary point to the center of
the upper hanger pin. The difference between this distance and
the former distance is the amount the hanger must be lengthened to
equalize the cut-off on both sides. This change slightly affects
the operation of the valves in back gear, and while it may not
exactly equalize the cut-off, it will bring it near enough for all
practical purposes.
On account of the space taken up by the piston rod, it may
sometimes be advisable to have the cut-off take place later in the
back end than in the front end of the cylinder, if it is desired to
have the same volume of steam admitted to each end of the cylinder. From these pointers it can be seen that, while it is not absolutely important that everything should be exactly equalized when
setting the valves, they should always be kept in mind, and any
changes in the parts of the valve gear should be made with that
object in view.
In order to determine at which part of the stroke exhaust
opening and closing take place, the inside lap or inside clearance
can be laid off from center C, Fig. 32. The engine should then be
revolved and the position of the crosshead noted when these
marks come opposite the valve tram whose center is at A.
The maximum port opening and maximum travel of the valve
may be found as follows : Place the reverse lever in full gear,
then move the wheels one complete revolution. With the valve
tram in center A, Fig. 31, mark the extreme travel of the valve in
each direction. The distance between the extreme points indicates the maximum travel of the valve, and the distance from either
extreme point to the port mark indicates the maximum port opening. The minimum travel and minimum port opening may be
obtained in the same manner by placing the reverse lever in the
center notch of the quadrant, revolving the wheels one revolution
and noting with the tram the distances traveled.
In the setting of valves on a locomotive the most accurate
method is to use an indicator, which will give every event of the
steam distribution for each different position of the reverse lever.
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Old Types of Locomotive Valve Gear. Ever since the time of
the earliest locomotive, attempts have been made and are still being
made to improve the type of valve gear. Some of them have been
partially successful and some have failed entirely. Among some
of the older types of locomotive valve gear which possessed merit,
but which did not succeed in replacing the Stephenson motion,
are the Gooch, Allan and Hackworth valve gear. Each of these
types possesses some distinct advantage, but their disadvantages
far outweigh their advantages, so that they are only important as
showing the tendency in the improvement of locomotive valve gear.
Gooch Valve Motion. The Gooch, or stationary link motion,
might be said to be the opposite of the Stephenson motion, in that
the valve rod or link block is raised and lowered in reversing the
engine, instead of the link in the latter. It is operated with two
eccentrics set in the same relation to the crank as in Stephenson's
gear, and the link is curved to a radius equal to the length of the
valve rod or radius bar turned with its convex side to the axle.
This motion gives a constant lead, and has otherwise no advantage
over the Stephenson gear, except, possibly, that the link block and
the radius bar are lighter to lift in reversing than the link ; but it
presents an objectionable feature in that the sweep of the radius
bar in its raising and lowering is obstructed by the front driving
axle when the main connection is made to the second or third pair
of wheels, and this is probably the principal reason why the Gooch
gear has been in little use and is now practically abandoned in
locomotive service.
Allan Valve Motion. The Allan motion may be said to be a
combination of the Stephenson and Gooch gear, as the link and
valve rod are both moved in opposite directions, so that the angularities and distances in either direction are reduced to one-half of
those in either of the other motions under comparison, with an increase of lead amounting to about one-half of that obtained by the
Stephenson gear in linking up the engine. For this reason the
Allan gear has been the favorite valve motion in continental
Europe for a generation or more.
With properly selected lengths of lifting arms of the reverse
shaft, the link is made straight instead of curved as is the previous
cases, which, in manufacturing in former days, was of no little im-
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portance in its favor. The lifting arms are placed on opposite
sides of the reversing shafts, which is necessitated by the required
opposite vertical motion of the link and valve in changing the cutoff or reversing the engine, and thereby practically balancing each
other and holding the reversing shaft in an approximate equilibrium at any position of the reversing lever. These are all properties of considerable advantage over either the Stephenson or
Gooch gears.
Although the Allan motion is the most correct one in existence,
it has never gotten any foothold in America, probably for the
reason that it has, to some extent, the same objectionable feature
as the Gooch in regard to the front driving axle, which, however, is
not serious, as the short, vertical sweep of the valve rod admits of a
bend or a yoke for straddling the axle. As this motion is located
inside the frames and occupies about the same place and is of the
same weight as the Stephenson gear, on modern engines it would
be heavy and cumbersome to apply, so its introduction at this time
is hardly to be looked for. These conditions have also made
themselves manifest in Europe, and the Allan gear, in spite of its
excellent qualities, is fast disappearing from modern locomotives,
being displaced by the more advantageous construction and application of the Walschaert motion, which will be referred to later.
The Stephenson, Gooch and Allan motions can be classified
as one system, in that they are all based on the two eccentrics set in
symmetrical relation to the line of motion, one governing the forward and the other the backward movement of the engine, differing principally only in the matter of lead. In the Gooch gear,
with its constant lead, it makes little difference if the rods are
crossed or open, but in the Allan and Stephenson it is important
that the rods are always open, so that there is no reduction of lead
in linking up, as crossed rods will reduce the port opening at
the earlier cut-off and cause an unfavorable wire-drawing of the
steam.
Haekworth or joy Valve Motion. There are various kinds of
valve motions that are driven with a single eccentric, among which
the oldest probably is that of John Wesley Hackworth, which was
designed some time between 1840 and 1850; and while this type
in its original form is not suitable for locomotives, it is referred
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to as the starting-point for a number of modifications, of which a
few will be presented, in the line of its evolution to fairly good
valve motions for locomotives under various names of so-called
" radial " gears.
In 1879, Mr. Joy applied this gear with a slight modification
to a locomotive engine, and it is therefore generally known as Joy's
gear. It is largely used in Russia, and to some extent in several
other countries, without having gained any predominating use over
the Allan motion, which, as said before, until a few years ago was
the general favorite in continental Europe. The Joy gear is probably the highest development of the Hackworth motion adaptable
to locomotives, and gives a very good steam distribution when
properly fitted up; but the effect on the movement of the valve by
the vertical play of the main axle on a rough track is not entirely
eliminated.
In this arrangement, as well as in the original, and in fact in
all modifications of the Hackworth gear, the link block or combination lever fulcrum can be guided by a curved frame (" link," as
it has been called, on account of its similarity to the ordinary
reversing links), or by a swinging link and arm of approximately
the same length as the radius bar where such a construction is
applicable.
No principle of valve motion has been so fascinating and
subject to so many varieties of construction as that of Hackworth, and a score or more inventors have, with comparably small
modifications, found them meritorious enough to connect them
with their names.
Newer Types of Valve Gear. Despite the failure of a large
number of inventors to improve the design and construction of
locomotive valve gears, there are constantly new devices springing
up, some of which possess considerable merit. Those which have
merit are usually tried out on the different roads, and while they
may have some advantages, if they do not give good service, they
are quickly abandoned. Several of these newer types of valve
gear are the Allfree, Young and Baker-Pilliod, and they are each
having a limited use.
The Allfree System of Steam Distribution. One of the newer
methods of distributing steam to the cylinder of a locomotive is
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shown in Figs. 38 and 39, the special features being contained
within the valve chambers of the cylinders. It is known as the
Allfree system of steam distribution, and is being used more or
less experimentally upon a number of roads. As applied to a
locomotive, it involves substantially a change of cylinders only,
any of the standard valve gears such as the Stephenson or Walschaert being used with it.

'11_1

DE A L{

I Is

Ac`I
.........
-

iiiiiiiiax vii i

Jj

..
.

/

/ 44_

I

111

""r}"7

• / , ite/.

I

I

Fig. 38.
LONGITUDINAL SECTION OF ALLFREE VALVE GEAR.

In the Allfree system a single valve controls the admission,
cut-off and release the same as in a standard engine, except that
a sufficient amount of exhaust lap is used to carry the steam to a
point that will give a greater expansion. Then to avoid an early
closure, a small piston valve, called the compression controlling
valve, is introduced through a section of the ports beneath and to
one side of the main valve, and has the only function of controlling
the compression and providing greater freedom for the escape of
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exhaust steam. While the two valves release at the same instant,
the compression valve in closing falls about 14 inches behind the
main valve. This allows the exhaust steam, which would otherwise be in compression, to escape, until the piston reaches about
2i or 3 inches of the end of its stroke. The clearance being reduced by the use of these valves to about 2i per cent of the piston
displacement, a sufficient amount of compression takes place to
cushion the reciprocating parts.
The general arrangement of valves, valve chambers, steam
chest covers, etc., is shown in Figs. 38 and 39. The steam chest
or main valve chamber is on an angle of 15 degrees with the horizontal and placed close to the cylinder bore. The ports are short
and practically straight, which permits of their being scraped.
The compression controlling valve chamber passes through the
longest section of the ports, and is bushed in the usual way to
provide for repairs. The steam chest cover forms the top side of
the main valve chamber, and provides a by-pass connection between the exhaust passages which equalizes the exhaust pressures.
The main steam valve is of the rectillinear form, balanced
for all speeds and pressures. The compression controlling valve
is a piston valve of the usual design. It takes its motion from
the main valve by means of an arm connection of rigid construction.
The admission of steam to the cylinders and the cut-off is
controlled by the main steam valve. Steam is admitted along the
entire lower edge and up one side, thus providing a large port area
for admission. Exhaust is also controlled by the main steam
valve; but to this is added the exhaust of the compression controlling valve, which releases simultaneously with the main valve.
The cylinder and valve chamber are one casting. The admission is from the inside, which brings the live steam in contact
with a considerable portion of the cylinder walls, while the exhaust steam is at the ends and insulated from the live steam.
Double walls are used around all live steam passages wherever
practicable, with the object of making the insulation as perfect
as possible.
The steam chest cover and pressure plate have a by-pass chamber connecting with each end, thus permitting a portion of the
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exhaust from one end to flow through the passages at the opposite
end, which aids in preventing the induction of cinders when drifting. There is also a dead air space provided between this by-pass
chamber and the face of the cover, which insulates the live steam
from the exhaust steam, and the exhaust steam passing through
the by-pass insulates the dead air chamber from the atmosphere.
The general construction of this device consists in substituting for the knuckle pin joining the valve stein to the rocker arm

Fig. 39.
TRANSVERSE SECTION OF ALLFREE VALVE GEAR.

a small crank shaft, to which crank the valve stein is connected
and the shaft left free to revolve in the rocker arm bearing. To
this shaft a pinion is keyed engaging a toothed wheel sector oscillating on the rocker shaft by means of a lever connection from the
crosshead. This gives a composite motion to the valve, namely,
one direct from the eccentrics and one from the crosshead, transmitted by the rotation of the crank on the knuckle pin shaft in
such a way that the two motions coincide at the opening and
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closing moments, but are in opposition at the extreme travel of
the valve when the latter is nearly at a standstill, while the main
crank passes through a comparatively large angle with a uniformly
open port, and the closing of the valve is rapidly accelerated in
the same manner as the opening, causing a quick and sharp cut-off.
The exhaust and compression are similarly affected by this alternating, accelerating and retarding motion of the valve, delaying
the exhaust and compression even at early cut-offs. The advantage
is greatest at high speed, when a relatively high average pressure
is obtained, which again is dependent on the capacity of the boiler.
It is quite complicated to attach, especially on certain types of engines, when the driving wheels are straddled by the guide yoke, and
thereby limiting the space required for the rocker arms and bearings.
Among the advantages claimed for it are reduced heat losses,
less steam used for a given cut-off, high ratio of expansion, more
perfect exhaust, reduced negative work and increased turning
moment. These advantages are all supposed to be derived from
the insulation of the steam passages, the small waste places in the
cylinders, increased length of exhaust, and the higher mean effective pressure.
Young Valve Arrangement. This gear consists chiefly in the
application of the Corliss valves to the locomotive engine, with one
valve for both the steam inlet and the exhaust at each end of the
cylinder. Each valve is provided with double admission and exhaust ports. The steam ports are practically opposite each other,
and the relation of the edges of the ports in the valve to these
ports corresponds to that of the valve edges to the steam ports of
the ordinary slide valve, forming the steam laps, lead and exhaust
laps or clearances, as the case may be. The exhaust cavity is a
passage diametrically through the valve, of sufficient width on one
side to combine both steam ports with the main exhaust port simultaneously during the exhaust period. At right angles to the
exhaust passage is a similar but somewhat larger cavity, which
corresponds to the steam chest, with transverse passages through
the valve body alternating with the exhaust passages, and the lap
and exhaust edges are surrounded by carefully fitted slats, both
on sides and ends, to prevent leaking.
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The motion is transmitted through a pivoted wrist plate to
the valve from an ordinary Stephenson valve motion. By means
of pivoting the wrist plate on the arm of a bell crank, whose other
arm is connected with a union rod to a short arm on the reverse
shaft, the wrist plate is raised and lowered by the motion of the
reverse lever, producing a moderate increase in lead, an earlier
exhaust and later compression than the direct Stephenson motion
produces in linking up the engine.
The main advantage of this valve is the quicker admission,
closing and exhaust it accomplishes, due to the double port openings, and the small resistance it offers to the valve motion, as compared with the slide valve, in being completely balanced. In

Fig. 40.
BAKER-PILL' OD VALE E GEA R.
common with the Allfree gear, it gives a higher average pressure
at high speeds than the ordinary valve. This gear, as well as in
the previous case, involves additional complications over the ordinary gear, requiring special skill, both in its manufacture and
adjustment, which, to some extent, counterbalances the abovenamed advantages.
The Baker-Pilliod Valve Gear. A new type of valve gear for
which many things are claimed is the Baker-Pilliod valve gear
shown in Fig. 40. It has only been recently designed, and has
been equipped on several locomotives, and it is being tried out on
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them. Inventors claim that it is much better than either the
Stephenson or Walschaert gear, in a number of different respects.
The motion of the valve is derived from two independent
sources, the main crank by connection to the crosshead, and from
an eccentric crank opposed at right angles to the main crank. A
swinging lever or radius bar is suspended from a reversing yoke,
movable to any desired angle to impart the required throw and
cut-off. The lever action of the eccentric arm actuates the lap
and maintains a constant lead. The crosshead connection imparts
the motion of the lap and lead when the swinging lever or radius
arm and the reversing yoke are in their central position. Therefore, in midgear with the reversing lever in the center notch, this is
practically all the motion imparted to the valve.
By moving the reverse lever forward, the angle of the reverse
yoke is changed and brought into combination with the main, imparting motion toward the eccentric arm, whereas the opening
motion of the valve is accelerated for the forward motion of the
engine. For the backward movement, the reverse yoke is changed
to an opposite position, while the path of the valve rod remains
the same as for the go-ahead movement. This type of valve gear
is adaptable for all classes of valves.
Among the advantages claimed for the Baker-Pilliod valve
gear are the following:
First. The weight of the gear is sixty per cent lighter than
the Stephenson link gear, and forty per cent lighter than the
Walschaert.
Second. It is applicable to all types of engines; it is outside
of the frame, which makes it accessible; it requires no special design for the various types of locomotives in use, which reduces first
cost and facilitates repairs.
Third. The motion of the valve is obtained from a very low
throw, so that the speed has no destructive effects upon the reciprocating parts of the valve gear, which are made as light as experience has allowed. Each and every connection of the gear is
mechanically positive, as there are no sliding or lifting joints on
link blocks.
Fourth. The reverse requires no change in the reciprocating
parts—merely a movement of the positive-connected radius-arm,
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which overcomes all objections to any type of valve gear that employs a link movement.
Fifth. It maintains uniform lead at all points of cut-off, and
only requires a travel of about five per cent of the piston to have
full port opening.

back. The balance plate will then come down solid on valve and
prevent leakage to cylinder.
Broken Link Saddle Pin. In ease of link saddle pin breaking,
put the lever in a notch forward where it would be safe in starting
a train. Then raise the link on the disabled side to the same level
as the good one, and block between top of link block and link.
Have another block ready of sufficient length to raise the link
enough, should it be necessary to back up the engine. With one
link blocked up, reversing the engine must be guarded against, unless the disabled side has been changed by raising or lowering to
correspond with the good side.
Slipped Eccentric. If the eccentric has slipped, a lame exhaust will be determined. With a bad slip, one of the exhausts
will disappear entirely, and by watching the crosshead to note
when the exhaust. takes place, it can he determined which eccentric has slipped. Having located the eccentric, if it is a go-ahead,
move the engine so that crosshead will come very near to the end
of its travel ahead. Then move the eccentric around pointing in
the opposite direction to the hack-up, leaning either toward or
from the pin, which would depend entirely on the style of valve,
and whether direct or indirect motion. As soon as steam appears
at front cylinder cock, tighten set-screws.
For back-up eccentric the lever and crosshead will have to be
placed in the opposite direction. The best way is to mark eccentrics before starting. by placing the lever in forward notch and
having crosshead at front end of travel. Then make a mark on
crosshead and guide, doing the same with eccentrics and straps.
If from any cause an eccentric slips and engine is placed so thatmark on crosshead corresponds with that on guide, the marks on
three of the eccentrics will correspond with those on straps, while
the fourth or slipped eccentric's mark will be some distance away
from mark on its strap.
Broken Eccentric Strap or Rod. In case of a broken eccentric strap or rod, take down the other strap and rod, cover ports
and leave main rod intact.

ACCIDENTS TO VALVE AND VALVE GEAR.
Broken Slide Valve Yoke or Stem. In the event of a slide
valve yoke or stem becoming broken inside of the steam chest, the
valve is always forced to the forward end of chest. With an outside admission piston valve or a slide valve, place the lever in a
forward gear, and watch the steam leaving the cylinder cocks.
Reverse the lever, and if the steam issues from both cocks on one
side and from only the back one on the other, the latter has the
disabled valve. With the inside admission, steam would issue
from the front and not from the back cylinder cock. Where relief
valves are used, remove them first and watch movement of valve.
After locating a breakage of this kind, the engine should be
put in safe running order as follows: If the engine has relief
valves on front end of chest, disconnect valve rod, and, after forcing valve to central position to cover ports, clamp stem from one
end, and block with a plug driven into relief valve of sufficient
length to hold valve in place, leave up main rod and proceed. If
relief valve were on back end, the chest cover would not have to
be taken up, but back end of main rod would have to be disconnected and crosshead blocked ahead. The disconnected valve rod
would hold the valve against forward end of chest.
Broken Slide Valve. With the ordinary slide valve, which is
broken so that the steam ports cannot be successfully covered,
remove valve entirely and block with hard wood, having the grain
of the wood crosswise of the seat. With the chest filled with blocking, so that the cover will close down on it firmly and make a
steam-tight- joint, proceed on one side without disturbing anything except the valve rod.
If it is a balanced slide valve, and it is broken so that the
steam ports cannot be successfully covered, slip a heavy piece of
sheet iron between valve and valve seat, and block valve front and

Lower Rocker Arm or Link Block Pin Broken. -Unless the link
interferes, all that is necessary i to remove broken part, of the
arm, cover ports by playing valve in central position and leave
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main rod up; otherwise the eccentric straps and rods would have
to come down. With a broken link block pin, there is more or less
danger of interference between link and rocker arm. Take down
eccentric straps and rods only, and cover port.
Blows Through Valves or Pistons. When the valve has been
placed to cover both steam ports and no steam escapes from cylinder cock, but escapes through exhaust port to stack, it indicates
that valve strips are down or broken, and permit steam to escape
through small hole in valve to exhaust port.
If valve covers ports and steam appears at both cylinder cocks,
it indicates a cut valve or seat.
If piston is at beginning of stroke and valve uncovered, and
steam escapes from cylinder cocks at opposite end also from which
it is admitted, it indicates leaky packing rings or cut cylinder.
A valve blow continues during the entire travel of valve,
while a cylinder blow is strongest when piston is at beginning of
stroke, and gradually diminishes until cut-off takes place as piston
nears end of stroke.
If a simple engine should blow badly and be unable to start
the train when on the righthand dead center, the blow would be on
the left side, since that is the only power the engine has to move
the other side off the dead center.

The balancing feature is obtained by a steam table extending
beyond the extreme travel of the valve, and either bolted to the
steam chest cover or cast in one piece with it. The Allan-Richardson valve has its valve grooved for the reception of four snugly
fitting strips, which are supported against the table by semi-elliptic
springs, which make a steam-tight joint, and prevent any pressure
reaching the enclosed part of the valve. The American balance
valve obtains the same results, but uses circular, tapering rings
supported by coiled springs.
The small hole in the top of the valve is for the express purpose of allowing any pressure or water which may have accumulated on the top of the valve from whatever cause to escape to the
exhaust port.
3. What is meant by inside and outside admission valves?
A. By inside admission valve is meant one where the steam
enters the steam port of the cylinder from the inside edge of the
valve, and is exhausted from the outer edge of the valve. By outside admission is meant one where steam enters the steam port
from the outer edge and is exhausted from the inner edge, similarly to our common slide valve, which is an outside admission
valve.
1. What is the relative motion of main piston and valve for
inside admission valve and for outside admission valve?
A. With inside admission the motion of the valve is in the
opposite direction to the piston's motion at the beginning of the
stroke. With outside admission the movement of the valve is in
the same direction as the piston at the beginning of the stroke.
5. What is the difference in the valve motion for outside admission valves and inside admission valves?
A. Both may have either direct or indirect motion, according
to the position of the eccentrics on the shaft and the type of rocker
arm used.
6. What is a direct motion valve gear? What is an indirect
motion valve gear ?
A. A direct motion valve gear is one that. transmits the motion of the eccentric to the valve direct, by means of a transmission
bar or its equivalent connecting with the valve stem.
An indirect motion valve gear is one where the power is trans-

QUESTIONS ABOUT VALVES GENERALLY ASKED ENGINEERS.
1. Describe a piston valve.
A. A piston valve is a cylindrical spool-shaped device having cast iron packing rings sprung into place on the valve, and
operating in a cylinder of equal diameter. The valve cylinder is

provided with suitable admission and discharge ports, and permits
the valve to perform the same functions as an ordinary slide valve.
2. What is a balance slide valve ? How is it balanced and
why ? For what reason is the hole drilled through the top of the
valve ?
A. A balance slide valve is one where a certain percentage
of the steam pressure exerted on the top of the ordinary slide valve
has been prevented.
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/flitted from the eceentric through the truck to the lower rocker
arm, which gives motion to the upper arm that moves the valve
rod connecting with the valve stem.
7. What is meant by lead ?
A. Lead is the amount of opening a valve has when the piston
is at the beginning of the stroke.
8. What is meant by steam side lap?
A. By steam side lap is meant the amount of the valve overlaps the steam ports when the valve is on the middle of the seat.
9. What is meant by exhaust side lap and by exhaust side
clearance?
A. Exhaust side lap is the amount the inner edge of the valve
overlaps the steam ports when the valve is in the middle of the
seat.
Exhaust side clearance is the amount the inside edge of the
valve comes short of covering the ports when the valve is in the
middle of the seat.
10. With an indirect valve motion, what would be the position of the eccentric relative to the crank pins? With direct
motion valve gear ? Why ?
A. If the valves are the inside admission indirect, necessitating a rocker shaft, the eccentrics would lean toward the fire-box
when the main pin is on the forward dead center ; while an outside
admission indirect has the belly of the eccentrics leaning toward
the main pin.
With an inside admission direct and a transmission bar, bqth
eccentrics lean toward the pin ; while with the outside direct the
eccentrics have the same position as with the inside indirect. With
the inside admission indirect, the eccentric rods are crossed when
the crank pin is on the forward dead center ; the eccentric rods with
the outside admission direct are also crossed when the crank pin
is on the forward dead center.
These positions of the eccentrics are necessary with the corresponding valve motion to secure movement of the valves.
11. What effect would be produced upon the lap and lead by
changing the length of the eccentric rods ?
A. Changing the length of the eccentric rods will either increase or decrease the travel, or produce an uneven travel of the

valve over the ports, causing either a too early or too late admission and release. It depends entirely on whether one or both rods
have been shortened or lengthened. It affects the engine in that
a too early admission on one end would give a too early release,
and a too late admission a too late release on the other end. Changing the length of time eccentric rods does not affect the valve lead.
Positive lead can only be obtained by advancing the eccentric
toward the pin with time ordinary slide valve and indirect motion,
while negative lead under similar conditions requires the eccentric
to be turned from the pin.
12. Why are eccentric rods made adjustable?
A. To allow for adjustment of the valve travel, so that even
steam admission may be made at both steam ports.
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REVIEW QUESTIONS.
VALVES AND VALVE GEAR.
1. What two general types of valves are in general use?
2. What are the principal functions of a valve?
3. What is meant by the angular advance of an eccentric?
4. What is valve travel and how is it obtained ?
5. For what purpose is overt ravel used ?
6. Why is lead given to an engine, and how much lead is
generally given ?
7. What are the effects of increasing the lap on a valve?
8. Why is it necessary to have a small amount of lead on an
engine, and what would be the effect of giving an engine too much
lead?
9. Of what advantage are the valve diagrams, and why are
they used ?
10. Describe briefly how you could construct a valve diagram
showing how to lay off the angle of advance, the eccentricity, the
lap, and how you could obtain from these dimensions the lead and
the cut-off.
11. What are balanced valves and why are they used ?
12. Name several different types of balanced valves in use on
American locomotives.
13. What are piston valves, and what advantages do they
have over the common slide valve?
14. Sketch a piston valve bushing and explain how it is constructed.
15. What diameter of piston valve would you use with a 21inch cylinder ?
16. How are piston valves lubricated ?
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13. Give six advantages and six disadvantages of the piston
valve.
14. Describe briefly how an inside indirect valve motion having a piston valve is set.
15. Name three old-style valve motions which have won
an historical interest.
16. Sketch a Stephenson valve motion and name the various
parts.
17. How is the travel of the valve changed in a Stephenson
valve motion ?
18. Is the eccentricity always constant in a Stephenson link
motion?
19. How do you determine the length of the eccentric blades ?
20. Describe the method for finding the length of a link
hanger.
21. Before setting the valves in a Stephenson link motion,
what precaution should be taken in reference to lost motion?
22. For what purposes are trams used when setting valves?
23. Describe how you would put a locomotive on dead center.
24. If after setting the valves the cut-offs are unequal, how
are the cut-offs equalized in both cylinders?
25. Is it ever advisable to have the cut-off take place later in
the back end than near the front end of the cylinder ?
26. In what way does the Gooch link motion differ from
the Stephenson link motion ?
27. Describe several newer types of valve gear which have a
limited use in this country.
28. Describe briefly the Allfree system of steam distribution.
29. Give several advantages claimed for the Baker-Pilliod
valve gear.
30. Having studied carefully all of the different types of
valve gears in use, what would you say are the principal reasons
that have caused the Stephenson link motion to be used so extensively?
31. Can either the piston valve, or the slide valve, or both,
be used with the Stephenson link motion ?
32. What effect has the slipping of the block in the link on
the motion of the valve in a Stephenson link motion ?
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:;7. Does the valve have any motion when the reverse lever
is in the center notch ?
38. When the reverse lever is hooked back, does this increase or decrease the lead in a Stephenson valve motion ?
39. How would you proceed to rim if one of the balanced
slide valves became broken ?
40. Suppose one of the eccentrics had slipped, how would
you find which one it was, and how would you proceed ?
41. If the rocker arm or link block pin became broken, what
would you do?
42. If the engine blows steam badly, how would you determine on which side it occurs?
•
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The Walschaert Valve Gear.
Of all the improvements that have been made on locomotives
in recent years, there is one which has created more interest than
any other, and that is the application and design of the Walschaert
valve gear. While this gear is over sixty years old, it has not been
until a few years ago that the engineers in the United States appreciated its advantages. This improved design of valve gear was
patented by Egide Walschaert in 1844, and although it was never
used to any extent during his lifetime, it is now considered to be
almost indispensable in meeting the conditions which have recently
arisen because of the developments of the high power locomotive
in this country. About ninety per cent of the principal locomotives in Europe are equipped with it, and the rapidity with which
it is now being applied to American locomotives indicates that
in the future it will become the prevailing type in this country.
Comparison of the Walsehaert and Stephenson Valve Motions.
The Walschaert valve gear differs chiefly from the Stephenson
link motion in that it requires for each cylinder but one eccentric,
or its equivalent, to insure the movement of the valve, and by the
elimination of the heavy eccentrics and their connections the axle
is relieved of an appreciable portion of its dead weight. It also
makes it possible to place the gear outside the driving wheels in a
more accessible position, where the parts can be readily oiled, inspected and repaired.
While it may not be possible to adjust the valve as readily
with the Walschaert gear as with the Stephenson motion, for the
reason that the parts and connections :Ire not as susceptible to
change, it. is not as liable to become disarranged, and if correctly
designed and fitted up will give accurate results.
The chief point of difference between the Walschaert and
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Stephenson gear when both are in proper condition is, that the
former gives to the valve a constant lead at all cut-offs, whereas the
latter produces an increase of lead by linking up the engine, which
becomes excessive at short cut-offs. This very point has been the
subject of much controversy. It has been argued that in full
gear, when the speed generally is slow, only small lead is needed,
but at higher speed more lead is required. This increase of lead at
high speeds is accomplished by the Stephenson motion, though it
admittedly becomes excessive at early cut-offs, causing considerable compression and preadmission, detrimental both to maintenance and to smooth running. In fact, the increase in lead counteracts, to some degree, the work done by the steam on the driving
side of the piston, which thereby also affects the speed of the engine. The proper amount of lead, however, is dependent somewhat on the service, and the port opening becomes larger with a
larger lead; or, in other words, when all other conditions are
equal in a Stephenson or Walschaert gear, the port openings differ
by the same amount as the lead. As the advantage of any additional port opening, by means of a larger lead, is more than offset by the increase in compression and preadmission, the larger
lead would bring about at early- cut-offs, and would do no good
in the later cut-offs, even if it did not do any harm.
Equal cut-offs in both ends of the cylinder are more easily
secured than with the Stephenson motion, and the play of the engine on its hearings has practically no influence on the steam distribution.
In the Walsehaert valve gear the operating eccentric is secured to the driving axle either directly or by a return crank from
one of the crank pins.
The position of this eccentric or crank is such as to give the
proper valve travel, the throw corresponding with the movement
of the valve irrespective of its lap and lead, the angular advance
of the eccentric being 0 degrees.
Fundamental Principles. The Walschaert valve gear may be
said to be based on a fundamental principle of its own. The motion of the valve is derived from two sources, namely, the main
crank by connection to the crosshead, and from an eccentric placed
approximately at right-angles to the main crank, as shown in Fig.
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1. The crosshead connection imparts the motiou of lap and lead
at the extremities of the stroke of the piston, at which moment the
link is in its central position. Therefore, in the midgear, with the
reverse lever in its center notch, this will be all the motion imparted to the valve, and the radius bar becomes stationary. The
link is curved to a radius equal to the length of the radius bar. By
moving the reverse lever forward the eccentric motion is brought
into combination with the motion from the crosshead, producing
a valve opening for the forward motion of the engine, and by moving the reverse lever backward the link block is brought to the opposite side of the link fulcrum, resulting in a valve opening governing the backward motion of the engine, in effect similar to that
of the Stephenson motion. The action of this one eccentric is
therefore the same as if it was two eccentrics, one for forward and
one for backward motion, placed diametrically opposite each other,
and the angle of advance in the Stephenson motion is taken care
of by the main crank in the crosshead connection. The latter motion being constant, it follows that the lead remains constant at all
points of cut-off.
Economy of Walschaert Valve Gear. There is no fundamental reason why the Walschaert gear should produce any greater
economy in steam consumption than the Stephenson motion when
both are in the best condition, but an advantage in this respect
comes to the Walschaert gear by the fact that it remains in its
good condition if once made so, and is therefore on an average
more economical both in steam consumption and maintenance of
the gear than the Stephenson gear. The accessibility for attention
is a great point of undisputed advantage of the Walschaert gear,
which is also highly appreciated by the enginemen and attendants.
The bracing between the frames permitted by the Walschaert gear
has brought about a considerable reduction in the maintenance ex.pense by the less wear and tear this additional rigidity imparts to
the entire engine.
Reasons for Applying Walschaert Valve Gear to American Locomotives. The size and arrangement of parts in a modern locomotive make it difficult for an engineer to properly examine the eccentrics and link motion when the engine is on the road, and breakdowns are more frequent on this account. The conditions of ser-

vice also tend to make it more and more difficult for the enginemen
to give the close inspection and care which are demanded in other
branches of engineering service with high speed machines. With
the Walschaert valve motion only a single eccentric or its equivalent is necessary for each valve. As usually constructed, it is
found more convenient to substitute a return crank, thus reducing
the pin bearings to the smallest possible diameter, so that they may
be readily lubricated, and, owing to the small amount of work they
have to do, give satisfactory service and absolute freedom from
heating.
For large, locomotives, where the driving axles are of such
diameter as to greatly increase the diameter of the eccentrics, the
Walschaert valve gear is particularly useful. It is also found
of essential advantage on locomotives having relatively small wheels
and engaged in freight service, necessitating a high relative speed.
The principal reasons for applying the Walschaert valve gear
to American locomotives are, therefore, as follows:
1. Accessibility. For very large passenger and freight engines, it was found that there was not room enough under the
engine for the Stephenson gear. The eccentrics are crowded, and
proper inspection, not to speak of proper care, is difficult, except
over a pit. Valve gears to be properly maintained must be accessible for inspection and lubrication. In the Walschaert gear all
the parts are on the outside of the engine.
2. Weight. The saving in weight of the Walschaert gear over
the Stephenson gear is in some cases close to one-half. Besides
the dead weight saved, this means reduced momentum of the moving parts, less friction, and consequently less lubrication is necessary.
3. Directness. The Walschaert valve gear transmits the moving force to the valve in nearly straight lines, thus avoiding the
springing and yielding of the rocker arms, rocker shafts and transmission bars, which cannot be avoided in these parts of the Stephenson motion, even if they are made very heavy.
4. Wear. This valve gear, not having any large eccentrics,
will always remain permanently in adjustment, as all connections
in the gear are made with pins and bushings which are specially
designed to resist wear. Large eccentrics, as used on the Stephen-
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son gear, besides occupying large space, wear unevenly and lubrication is difficult.
5. Operation. Considerable lost motion is always found in
the Stephenson gear because the two eccentrics move through wide
angles, resulting in a wedging action of the link block, which
strains the gear when working hard. The Walschaert links oscillate through smaller angles, producing less lost motion.
6. Bracing the Frame. The removal of the valve gear from
between the driving wheels facilitates bracing the frames of the
locomotive laterally.
7. Constant Lead. The arrangement of the gear is such that
the valve always gives constant lead for all cut-offs, whereas the
Stephenson motion produces an increase of lead which becomes
excessive at short cut-offs.
The lead of the Walschaert valve gear is constant, because it
is obtained from the straight line motion of the piston, instead of
from the circular motion of the axle. The combination lever has
its lower end connected to the crosshead and the upper end to the
valve stem where an outside admission valve is used. With the
use of inside admission valves, the points of connection of the
radius rod and valves are reversed, the radius rod being connected
to the extreme upper end of the lever and the valve stem connected intermediately.
Advantages of Constant Lead. So far as the distribution of
steam in the cylinders is concerned, the constant lead, which is a
feature of this motion, is not considered objectionable, and it has
some distinct advantages. Under such conditions it is possible
to determine upon the amount of lead the engine should have at
the most economical point of cut-off. This point determined, and
so designed, it cannot be altered by anyone in the shops or roundhouses. Another advantage is that. it prevents valve setters from
attempting to produce results by moving the eccentrics into improper relations with each other.
The constant lead of the Walschaert motion prevents the sealing of the cylinders by the piston valve when the piston is at the
end of its travel or approaching it. Whereas, with the link motion,
either by derangement or excessive wear, the valve laps the ports

at the end of the stroke, thus causing excessive compression and
many other troubles.
Another feature of the motion which appeals to the engineer
is the ease of handling the reverse lever when the locomotive is
running at a high rate of speed.
Description of the Walschaert Valve Gear. The general arrangement of the Walschaert valve gear as applied to a Consolidation freight locomotive is shown in Fig. 2. The names of the
different parts of the valve gear are shown in Fig. 3, which represents the outline of this type of gear as used on a Mallet Articulated compound engine. The motion of the valve is derived both
from the crosshead and an eccentric crank on the driving axle.
The crosshead connection imparts the lap and lead at the extremities of the stroke, when the eccentric crank is in its middle position. The eccentric crank in this position imparts its fastest
movement to the valve to give a very quick opening. The crosshead motion in advancing from the dead point effects approximately the same uniformity in the combined motion as if the valve
derived its motion from a single crank or eccentric set with an
angle of advance corresponding to the lap and lead, and which may
be illustrated graphically in the same manner as that of the Stephenson motion, the only variation due to this gear being that it
gives an invariable lead.
Unlike the Stephenson link, with its independent eccentrics, it
cannot be adjusted, and consequently it must be correctly designed
and fitted up. The various points must be carefully laid out in
order to give the best results in the combination movement of the
parts of the motion. In the construction of the Walschaert gear
the desired travel of the valve, the lead, and the maximum cut-off,
which determines the lap of the valve, are selected. The stroke
of the piston being given, the combination lever is proportioned
so that a motion equal to the lap and lead is given to the valve gear
when the crosshead is moved from one end of the stroke to the
other. The link may be made of any approved design, and is
so located that the radius bar will have a length of at least eight
times the travel of the link block, and the radius of the link should
be equal to the length of the radius bar.
Arrangement of the Link. The link is of any convenient form,
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and is usually pivoted to a support on the engine frame or suspended from the guide-bearer. The trunnion is rigid, and there
is no chance for twisting strains. The link is actuated by the
eccentric rod, which is commonly attached to its lower extremity.
The sliding block in the link is secured to one end of the radius
rod. The raising or lowering of this rod by means of the reversing shaft shifts the block from one end of the link to the other
above or below the pivotal connection. This reverses the movement of the valve with relation to that of the eccentric.
In many cases the gear can be so designed that the motion is
transmitted from the eccentric to the valve stem in one vertical
plane, so that practically all of the pins can be put in double shear,
and all tendency to twist the valve motion is avoided. In some
cases it is necessary to have the eccentric and the valve stem in
different vertical planes. In such cases some form of rock shaft
is necessarily employed to transfer the motion from one plane to
the other and give the required solidity to the gear. It is sometimes urged against the Walschaert motion that it requires more
moving parts than the Stephenson. This is, however, offset by the
better opportunities for solid construction and ready inspection
and adjustment.
Proportions of Various Parts. The proportions of the various
parts of the Walschaert gear cannot be determined experimentally,
nor should any change in setting the valves be made unless the
effect of the change is known in advance. It is therefore important
that the different parts should be made and set correctly from the
beginning, and there will then be no need for changes when the
original dimensions are maintained. The difference in this gear
for outside and inside admission valves must be considered in
setting the eccentric crank, and as the forward motion of the
engine should preferably be taken from the lower end of the link,
then the eccentric crank will follow the main crank for inside
admission valve, and lead the main crank for outside admission
valve. The connecting point of the radius bar to the combination
lever is above that of the valve stem connection for inside admission
valves. The desired maximum cut-off, lead and valve travel determine the size of the lap, and thereby the lap and lead motion is
44
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obtained by the corresponding proportioning of the combination
lever.
Arrangement of Radius Bar for Inside and Outside Admission
Valves. The end of the radius rod opposite the link is attached

Fig. 3.
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to a combining lever, the function of which is to give the required
lap and lead to the valve. The lower end of this lever is connected to and travels with the crosshead, while to the upper end are
secured both the valve rod and the radius rod, one being placed
above the other. The point at which the radius rod is attached
to the combining lever becomes a fulcrum. The relative movement of the two ends of the lever must be such that the full movement of the crosshead imparted to the lower end of the lever will
give a movement of the upper end equivalent to twice the required
lap plus the lead.
For outside admission valves the radius bar is attached to the
combination lever between the valve stem and crosshead connections. For piston valves which have inside admission it is attached above the valve stem. The fulcrum of the link lies as nearly
as practicable upon a line drawn through the junction of the radius bar and the combination lever, parallel with the center line
of the valve stem. The suspension point of the lifter should be
located so as to cause the link block to travel as nearly as possible
on a chord of the arc described by any point of the link wherever
the block happens to be when the link is swung into one of its
extreme positions. A lifter, through which the radius bar slides,
and which does not slide with the link, answers this purpose, as
does also a properly suspended hanger. As there will be some slip
of the link bar, however, the suspension point of the hanger is
located to suit the most commonly used cut-offs.
In American practice, with the reverse lever in forward gear,
the radius rod is generally carried at the lower end of the link,
and in back gear the radius rod is carried at the upper end of the
link. These connections, however, may be changed, in which
case it is necessary to move the eccentric 180 degrees, from a
quarter ahead to a quarter behind the main pin.
Eccentric Rod. The length of the eccentric rod should be at
least three and one-half times the eccentric throw, and should be
made as large as circumstances will permit, with an approximate
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equal length of the radius and eccentric rods. The point of connection should be as near line of motion of the main rod as this
correction for rod angularities will permit. The fore and aft
position of this point is determined with reference to the angularity of the eccentric and main rods, so that the link is in exactly its center position when the piston is at either end of its
stroke.
Radius of Link. The link should have a radius equal to the
length of the radius rod. If this is so, it will be seen that when
the engine is on the dead center the link block can be moved from
end to end of the link without altering the position of the valve
with relation to the ports, and the lead will be constant.
As any variation in the length or relative position of the link,
the radius rod and the combining lever or its connections will necessarily change the resulting movement of the valve, it is absolutely
essential; first, that the motion shall be correctly designed and
plotted; and second, that the detail parts shall be accurately constructed according to the diagram. With these two points assured,
the adjustment of the gear on the locomotive is quite simple. The
dead center marks on the rim of the driving-wheel and the port
tram marks on the valve stem are found in the usual manner.
After connecting the gear, any slight variation which may occur
between the forward and backward position of the valve can be
adjusted by lengthening or shortening the eccentric rod.
Suspension Point of Link. The angles in which the link
swings on both sides of its central position are made as nearly
equal as possible, and the angularity of the main connecting rod
on the cut-off is minimized by properly locating the suspension
point in the proper place.
Reversing Walschaert Valve Motion. The Walschaert valve
motion is reversed by shifting the position of the radius rod that
directly actuates the valve stem from one end of the link to the
other. The radius rod is raised or lowered for this purpose by the
regular reversing gear, the link being suspended from a bracket by
a fulcrum pin, or trunnion, at its exact center.
Hooking Up Walschaert Valve Gear. With this type of gear,
when the radius rod is working in either extreme end of the link,
it is giving the valve its longest travel, and steam is being admitted
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to the cylinder with the maximum limit of port opening. Hooking up, therefore, means drawing the reverse lever from a full gear
corner notch of its quadrant to a notch farther up nearer the center,
and this hooking up of the reverse lever draws the radius rod to a
point nearer the center of the link, which reduces the travel of the
valve and gives earlier cut-off. With the reverse lever in center notch of its quadrant, the valve will not have sufficient motion to open the port.
Direct and Indirect Motion. The Walschaert motion is either
direct or indirect, according to the direction in which the engine is
running. When the radius rod is working below the center, or
fulcrum, of the link there is a single direction of motion from the
eccentric to the valve, and the motion is direct ; but with the radius rod working above the center of the link the motion is in-

called Y. Then R X V=LXC, or V=L C÷R, using the connection F of the radius bar as a fulcrum. The length of the combination lever must be determined from the height of the valve
stem over the piston rod, which will give an angle of oscillation
which does not exceed 60 degrees.
The required horizontal movement or travel of the connecting
point F of the radius rod to the combination lever for a given
maximum valve travel is found in the following formula:
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Let R=radius of main crank.

c=lap and lead.
a=half travel of the valve.
b=half travel of the point F.
Then
b—

b—

direct, for the reason that the link then acts as a double rocker
arm, and when the eccentric throws the lower end of the link in
one direction the upper end of the link moves the valves the
opposite way.
Method of Laying Out Walschaert Gear.

It is evident that a
proper design of Walschaert gear can only be laid out by a skilled
draughtsman in order to obtain a successful motion of the valve.
To begin with, the stroke of the engine being given, the travel,
lap and lead of the valve are selected to suit a desired cut-off.
The first step is then to find the proportions of the combination
lever, the gear being laid down as shown in Fig. 4. The lap and
lead are shown at C, the crank radius is R, the crosshead end of the
combination lever is called L, and the valve end of this lever is

___c
2
, for outside admission.
Rd--c
a

2

R -Va2—e 2
, for inside admission.
R—c

These may also be laid out graphically, as shown in Fig. 5
and Fig. 6. Fig. 5 represents the arrangement for an outside
admission valve, and Fig. 6 for an inside admission valve, in which
a is equal to the half travel of the valve, R is equal to crank radius,
and c is equal to lap and lead. With the limited amount that it
is advisable to allow in raising and lowering the link block in reversing the motion, the half motion of the link block, g, may.
generally be considered to be the same as that of point F, Fig.
4, and by limiting the angle of swing of the link to 45 degrees,
the rise or depression of the link block on either side of the linkblock becomes Og=b÷tangent d, in which 0 is the link fulcrum,
b=--half travel of the point F, and d=one-half the swing of the link
in degrees.
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Location of Link Fulcrum. Referring to Fig. 4, the vertical
location of the link fulcrum, 0, should be as near as possible on a
line drawn through point F parallel with the valve stem. The
eccentric rod connecting pin K should be as near as possible on the
same level as the main axle, in order to minimize the effect of the
vertical play on the axle. In large engines it is sometimes found
necessary to lower fulcrum 0 and raise connection K in order to
avoid excessive throw of the crank. In locating the longitudinal
position of the link fulcrum, 0, the eccentric and radius rods
should both be made approximately the same length.
Position of Eccentric Crank. The exact position of the eccentric crank must be plotted, as well as the position of point E. The
eccentric crank must bear such relation to the main crank that it

until, with the main pin on either dead center, the link has assumed its correct position. When the correct position has been
found, the reverse lever may be moved from the back notch to the
farthest go-ahead position without shifting the valve. It is well,
however, before altering the length of the eccentric rod, to examine the length of the valve stem, so that the correct rod measurements are attained.

brings the link in its middle position when the main crank is on
either side of its dead center, and the connecting point K must
be so located that it swings the link in the required angle b on
either side of the middle position of the link. In practice it will
be found that the point K will be from two to five inches in the
rear of the tangent line drawn through the fulcrum 0.
The Radius Rod. The suspension point of the radius rod
should be so arranged that the link-block is at the same point of the
link in its extreme positions of all cut-offs. The curve which does
this will have its center near the point F when in its mid-gear
position.
There are a large number of other points which enter into the
design of the Walschaert gear, and for that reason a model is often
considered necessary as a base to work from. It must be remembered that the gear, once set up, provides for no adjustment except by the eccentric rod, which may be lengthened or shortened
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INSTRUCTIONS FOR ERECTING WALSCHAERT VALVE GEAR
AND SETTING THE VALVES.
The following rules are given by the Baldwin Locomotive
Works for erecting the Walschaert valve gear and setting the
valves:
1. Check carefully the dimensions of the following parts,
rejecting any that are not exactly the same dimensions as the
drawing:
a. Valve.
b. Valve-stem.
c. Valve-stem crosshead.
d. Combination lever.
e. Crosshead link.
f. Link radius rod.
g. Reverse link.
h. Location of combination lever on crosshead.
k. Length of eccentric crank.
2. Check eccentric throw to see that it is exactly as specified.
3. Be sure that the guide-bearer is correctly located from
the center of cylinder, as the reverse link is usually attached to it,
and variation in the location of the link cannot be allowed. If
the link is attached to a separate crosstie, similar precautions must
be taken to insure its correct location.
4. Exercise great care in the location of the link, so that the
fulcrum center is exactly to dimensions from the center of cylinder.
5. See that the reverse shaft center is correctly located to
dimensions given, and that the lifting arm and link are of the
exact lengths as specified.
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6. Connect crosshead gear to valve and radius rod to link,
without connecting the eccentric rod to link.
7. Hook up radius rod to exact center of link, and then revolve
the driving wheels, seeing that crosshead gear gives correct lead as
specified for both front and back admission ports.
For instance, suppose that 3 12" is the required lead. With
the steam chest open at this time—in the case of a I7-slide valve—
it should be seen that when the crank pin is at either dead-center
the admission port is open 11-1 of an inch. Without outside admission valves this will be plain, but with piston valves of inside
admission a very little steam or compressed air can be used, and
by marking the valve stem and noting the blow from the cylinder
cocks and the point at which the pressure ceases to escape, the
amount of lead can be closely approximated. It should be possible, however, to obtain correct results in this phase of the motion
with the eccentric rod connected with the link, for it is required
that when the reverse lever is at mid-gear the radius rod shall be
centered in the link, and the motion of the latter shall have no influence on the valve or combination lever.
8. Connect link to return crank by eccentric rod, and obtain
full travel front and back, and in both forward and backward motions, correcting any errors by lengthening or shortening the
eccentric rod as previously noted.
The valves may now be considered to be definitely set, and
may be tested to any cut-off points in the usual manner.
A simple additional check may be as follows; Set one side
of the engine so that the piston is at its extreme forward position
in the cylinder and check lead on the admission port.
In this position it should be possible to move the link block
through its entire travel in the link without in any way disturbing the movement of the valve. This operation should then be
reversed, and the other side of the engine similarly tried, with the
piston located at its extreme backward position in the cylinder.
Types of Walschaert Valve Gear. To suit different classes of
engines to which it is applied, the Walschaert valve gear is made
in different types. Fig. 7 shows one of these as applied to a 10wheel locomotive on the Frisco lines. Another is shown in Fig.
8, in which there is provided a guide bar upon which slides a cross-
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head. One end of this bar is fastened to the yoke which carries
the main guidebars; the other end is attached to the steam-chest.
On the yoke is fixed a rocker-box, the bearing of which carries the
rocker-arm, to which is fixed the link. Instead of attaching the rod
that connects the link and the valve-crank to the bottom of the
link, as in foreign practice, the rod is attached to the rocker-arm,
which causes the link to rock back and forth, the rocker-shaft forming the axis. The curvature of the link is toward the steam-chest,
and the radius is governed by the length of the radius-rod, or from
the center of the link to center of the pin on lap-and-lead lever. The

1

one end of radius-rod spans the link, and a pin passes through this
portion and through the block in link. The lap-and-lead lever
has one end attached to the main cross-bead by a link which allows
for the radius formed by the lap-and-lead lever in passing from one
extreme point to the other ; the upper end of it is attached to the
small crosshead by a pin. To this crosshead is fixed the valve-stem
and valve. The distance that the pin attached to small crosshead
is above the fulcrum or pin to which radius rod is attached depends
upon the amount of lap and lead of valve and the movement of the
lower end of lever. Without this lever in the valvegear the valve
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would be in the center of its travel, when main crank pin would
be on either center. In order that the radius-rod which spans the
link shall pass up and down free, when it is raised or lowered to
reverse the motion of the engine, the rocker-shaft at the link side
has a plate the size of the link, to which the link is fastened at each
end. Spacing-blocks are between the side of link and the plate,
forming a clearance space for the end of radius-rod. In this case
the radius-rod has the suspension-link attached at a point between
the lead-lever and the link, the reverse-shaft being above the guide
bars and close to boiler. A reach-rod is connected to another reversing-arm and cross-shaft, which also has another arm connected
to it and the reverse-lever in the cab. A reach rod passes to the
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In order that the link-block should be in the bottom half of the
link in the forward motion, with an internal admission-valve using
the Walschaert gear, the valve-crank should be placed to follow the
main crank-pin in either case. The valve crank-pin and the main
crank-pin are set at 90 degrees apart, or at right-angles. In the
drawing the valve is shown as being in the lead, or just opening
the steam-port, the crank-pin on the back center and in the forward
motion; the lead is equal at all points in the motion. The position
of valve crank-pin, or distance from center of axle, is exaggerated
in the drawings, which are diagrammatic only.
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Fig. 8.
MODIFICATIONS OF THE 1VALSCHAERT VALVE GEAR.
reversing-shaft on the other side of engine for the gear of that side.
By placing the reversing-arms to reverse the engine, and also to
change the point of cut-off, the valve crank-pin leads the main
crank-pin in running in the forward motion, and the link-block
will be in the bottom half of link, a position opposite to that of the
Stephenson gear, the Walsehaert being equivalent to a direct motion, while the Stephenson is indirect, when using rocker-arms and
using a valve taking steam, as shown in Fig. 6. When using an
internal admission-valve as a piston-valve, the link-block would
have to be in the top half of the link, and the valve would move
in an opposite direction to that of the piston-head in the first
part of its travel or while opening the steam-port.

Fig. 9.
ARRANGEMENT OF WALSCHAERT VALVE GEAR, USING SHORT
CONNECTIONS BETWEEN VALVE AND VALVE LEVER.
Fig. 9 shows another modification, in which the design requires the use of short connections between the valve and leadlever. In this case there is used a rocker-shaft above the main
guide-bars, which has two rocker-arms on it. This shaft is carried
in a bearing; the upper end of lead-lever is attached to the one
rocker-arm as shown. The valve-rod has a yoke on it, forming a
part thereof,and in this yoke is a sliding-block ; the pin of the other
rocker-arm fits in this block. The back end of valve-rod is carried
in a bearing. This construction permits of a very short rod and
connection. The lifting or suspension-link in this case is attached
to the extreme outer end of radius-rod, which spans the link, and
has an extension, to which the suspension-link is attached. The
usual reversing-shaft is used in this case. The driving-link is
carried by a shaft, upon which it swings or oscillates, and on the
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lower end of the link there is an extension, drilled to receive a pin.
To this extension is connected the rod from valve-crank, and it differs from Fig. 6 in this respect, that there is no rocker-arm to operate link. The general principle of this gear remains the same.
The modifications are made to suit the design of locomotive. In
using this motion there is no gear under the boiler, the eccentrics
and straps are discarded, and all moving parts are visible to the
engineer and inspector.
Walsehaert Valve Gear for Pacific Type Locomotive. The application of the Walschaert type of valve gear to a Pacific type

to the locomotive, but it is practically the only solution of the
problem.
One arrangement of this gear used on the Pacific type locomotive by the American Locomotive Co. is shown in Fig. 10. The
valve gear is practically all in one vertical plane, there being but
two and a half inches difference between the center of the pin on
the eccentric crank and the valve stem. One and a half inches of
this is in an offset in the eccentric rod, and one inch is obtained
at the connection of the radius bar to the combination lever. The
valve chamber is thrown four inches outside the center of the cylinders, which presents no objection other than the increase in the
weight of the cylinder casting and slightly longer steam passage,
provided the clearance limits are not exceeded.
Walsehaert Gear Used on Mogul, or 2-6-0 Type. Although the
advantages of the use of the Walsehaert valve gear are not so apparent, when applied to the Mogul type of locomotive, it is being
used on a number of roads in connection with this type of locomotive. With this type of locomotive a simple form of Stephenson gear without complications can be used, so that the valve
gear, being outside the frame, may be said to be the principal
advantage of the Walschaert motion. Fig. 11 shows a Mogul
engine used on the Vandalia railroad, equipped with this type
of valve gear. The gear is designed to give straight line motion
with the combination lever on the outside of the guides, and the
valve chamber is set four inches outside of the center of the
cylinder for this purpose. The lifting arm connects to the radius
rod through a slip joint, making a simple and satisfactory arrangement. The extension of the valve stem is guided by a support
from the top guide bar.
Walsehaert Gear Used on the Consolidation Type. The Walschaert valve gear design as applied to the Consolidation locomotives is an excellent example of one of the simplest arrangements
of this type of gear. It may all be practically located in one vertical plane, and there need be only one reversing shaft and comparatively few moving parts. An arrangement of this kind is shown in
Fig. 12, which represents the side elevation of a Consolidation
type of freight locomotive, built for the New York Central and
Hudson River Railroad by the American Locomotive Co.
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locomotive presents difficulties not encountered with other wheel
arrangements. This is due to the proximity of the front driving
wheels to the cylinder, necessitating the placing of the guide yoke
very far forward, and preventing its use as a support for the link.
If, on the other hand, the link is placed back of the driver, being
hung on an extension of the frame crosstie, as is often done with the
ten-wheel type, it makes the eccentric rod so short as to introduce
very serious errors of angularity. These difficulties have been solved
by placing a supplementary frame outside of the front driver, on
which the link can be supported at the most desirable point. This
construction adds considerable weight and a number of extra parts
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Helmholtz Modification. Among the various modifications of
the Walschaert gear the one made by Helmholtz possesses some advantage. This modification consists in making the link straight,
the radius bar being connected to the lifting link instead of the
link block. The curving of the link is compensated for by the
reversing shaft or lifting arm fulcrum being located in a given
position above the link, so that the locus of the suspension point
of the lifting link forms an arc of a circle with its chord perpendicular to the center line of the radius bar in its center
position. The radius of this arc bears the same relation to
the length of the radius bar as the distance of the radius bar
connection above the link block bears to the length of the lifting link, which results in that this connection is moving in
an arc with a radius of the length of the radius bar, and the
same motion of the valve is obtained as in the direct Walscbaert
gear.
Two advantages may be claimed for this modification, of
which one is the straight link being simpler to make than the
curved one, and the other is that on large piston valve engines
with inside admission the link fulcrum can be lowered by the
amount the radius bar connection falls over the link block,
whereby the eccentric connection rod can be brought closer to
the center line of the axle with less length of link and eccentric throw. It has, however, the disadvantage that there is
little choice in the location of the reversing shaft or lifting arm
fulcrum, a proper position for which is hardly obtainable on all
types of engines, and admits of no other method of lifting the
radius bar in linking up or reversing the engine.
Renleanx and Zenner Diagrams. Fig. 13 shows a combination of two diagrams which may be used for designing the
valve motion, namely, those of Reuleaux and Zeuner, which
coincide exactly as to the different valve events, which may be
found as follows:
The distance AB represents the travel of the valve as well
as the stroke of the engine, though in different scales, which
makes no difference when the cut-off is always expressed in
fractions or per cent of AB. The maximum cut-off is determined
upon to be AR.
Draw a perpendicular line RC from AB until
45
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-Next decide on a desired lead, and, with
it cuts the arc ACB.
that as a radius, draw an arc with A as a center.
Draw a line
from C tangent to the lead circle around A, when the lap of
the valve is found to be equal to the perpendicular distance
from the line CS to the center (") of the diagram. The crank
will then be in position OS when the valve commences to open,

Fig. 13.
VALVE DIAGRAM USED FOR DESIGNING WALSCDAERT
VALVE

GEAR.

or the angle AOS in advance of the dead center, and on OC at cutoff The valve is found in its middle position when the crank is on
OG, which is drawn parallel to SC through the center 0. Extend
this line to F, and with the exhaust lap as a radius draw the exhaust
lap circle on the opposite side of the line GF, and draw DE tangent to this circle, when OD is the position of the crank at the
release point. From this point the exhaust remains open until
1
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the crank reaches the position OE, when it closes and compression
takes place until it again reaches OS for admission, and one revolution is completed.
By placing the Zenner diagram upon this, draw HJ perpendicular to FG, and with the radius, OH, of the eccentric circle as
a diameter, draw the admission valve circle OVHnO and the lap
circle with the steam lap as a radius, and find the intersection

circles on the port line, as the case may be, on the desired crank
position.
The exhaust openings are determined in the same manner,
and are shown on opposite side of FG, where the crank passes
through the arc DJE during the exhaust period with a positive
exhaust lap of the size EF. When the exhaust edge of the valve
is line and line, this arc becomes GJF, or 180 degrees, and when a
negative lap (clearance) occurs, the duration of the exhaust period
exceeds the half revolution of the crank. The various events are

Fig. 14.
VALVE DIAGRAM SHOWING DIFFERENT CUT-OFFS.

occurs at V, both with the circles and the previously laid down
admission line OS and the cut-off point at the intersections at n.
On the line OH set off the width of the steam port from L toward
H equal to Lm, and with Om as radius draw the arc The
shaded figure enclosed by the letters VEK'nL represents the steam
port opening during the admission period, and the width of the
port opening at any desired position of the crank is found by
measuring the distance radially from 0 between the lap and valve
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indicated around the eccentric circle on the figure as they take
place during a complete turn of the crank.
In Fig. 14 the eccentric and admission valve circles are shown
at different cut-offs, where each set of lines and circles is governed
by the same explanation as those of Fig. 8, where the admission
points S, SI, 82, Sa, correspond to the closing positions C, CI, C2,
Ca, cut-off points .1?, B1, B2, B 3, etc. On OH we have the full
travel valve circle and OL the lap or radius of the lap circle, the
latter being the same for all cut-offs as well as the lead, the radii
111, H2, H 3 , etc., of the eccentric circles or diameters of the corresponding valve circles terminate on a line HP drawn perpendicular to AB and at a distance from 0 equal to that of lap and
lead.
When the reverse lever is in its center position, the diameter
of the valve circle falls on the line AB, and is equal to lap and
lead. Continuing in back position, the same method is repeated,
and OP would be the full travel valve circle diameter, or the same
as the eccentric radius for the valve travel. Any desired cut-off
position may be laid out in same manner as that in Fig. 8, which
shows all the valve events for a complete revolution of the axle.
The movements are, in actual practice, not so regular as the
circles indicate, on account of the angularities of both the main
rods and the eccentric rods, whereby irregularities enter in the
problem that must be compensated for. In selecting the suspension points, the following three points should be carefully considered; First, the connecting point of eccentric rod and link;
second, the position of the lifting link suspension point; and
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third, the relative height of the crosshead connection point of the
union bar to the corresponding point of the combination lever.
It is not ncessary to lay out the valve diagrams except where
a given cut-off per cent is wanted. This is the most convenient
way to find the required lap.
General Instructions on Adjusting Valves. In setting the
Walschaert valve gear it must be borne in mind that two distinct
'motions are in combination, viz.: the motion due to the crosshead
travel and the motion due to the eccentric throw.
The crosshead motion controls the lead by moving the valve
sufficiently to overcome its lap, by the amount of lead in both front
and back positions. The eccentric throw controls the travel and
reversing operations. It will be seen from Fig. 11 that the movement due to the eccentric, without the crosshead motion, would
place the valve centrally over the ports when the piston is at the
extreme end of the stroke. The combined effect of these two motions, when the parts are properly designed, gives the required
movement of the valve, similar to that obtained by the use of a
stationary link. To reverse the engine the link block is moved
from end to end of the link, instead of moving the link on the
block. This operation is accomplished by means of a reversing
shaft connected with a reversing lever in the cab.
Walschaert gears should be correctly laid out and constructed
from a diagram, as the proportions cannot be tampered with by
experimental changes without seriously affecting the correct working of the device. The only part capable of variation in length
is the eccentric rod, which connects the eccentric with the link.
This rod may be slightly lengthened or shortened to correct errors
in location of the link center, from center of driving axle which
carries the eccentric.
The eccentric usually assumes the form of a return crank on
one of the crank pins, and its center is at right-angles to the plane
of motion, viz.: at ninety degrees to a line drawn from the point
on the link at which the eccentric rod is attached through the
center of the driving axle. This eliminates the angular advance
of the eccentric, and allows the use of a single eccentric for both
forward and backward motion. The throw as specified must be
correctly obtained, and great care taken that the position shown in

the design be adhered to. The crank representing the eccentric
is permanently fixed to the pin, and the slightest variation will be
detrimental.
When the engine is assembled, the throw of the eccentric
should be checked up by the specifications, and any error should
be at once reported, in order that the mistake may be rectified by
either correcting the position of the eccentric or by a change in
the design of the other parts to compensate for the error.

711

Another Method of Adjusting Valves with Walschaert Gear.
The lap and lead are determined by the proportion of the arms
of the combination lever and the stroke of the piston. The amount
is found by turning the engine from one dead-center to the center
in any cut-off position. The motion should be adjusted as follows:
I. Ascertain the position of the eccentric crank by the fallowing method : Mark the position of the link relative to its
middle position on both of the dead-centers of the main crank. If
the position of the link is the same in both cases, the eccentric
crank position is correct ; if not, the eccentric crank should be
shifted until this occurs, or is as nearly so as possible.
2. With the cranks on the dead-center, the eccentric rods
should be lengthened or shortened until the link valve takes such
a position as to impart no motion to the valve when the link block
is moved from its extreme forward to its extreme backward position. The link position may be observed by the usual tram marks
on the valve stem, or direct by marks on the link pin as may be
found most convenient with the link block in full gedr, preferably
ahead.
3. Before this change in the eccentric rod is resorted to, the
length of the valve stein should be examined, as it may be of advantage to plane off or line under the foot of the link support, which
might correct the length of both rods, or it may be that the length
of only one rod need be changed.
4. The difference between the two positions of the valve on
the forward and back centers is the lap and lead doubled, and cannot be changed except by changing the leverage relations of the
combination lever.
5. A given lead determines the lap, or a given lap determines
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the lead, and it must be divided for both ends as desired by lengthening or shortening the valve spindle.
6. Within certain limits this adjustment may be made by
shortening or lengthening the radius-bar ; but it is desirable to
keep the length of this bar equal to the radius of the links, in order
to meet the requirements of the first condition.
7. The tram marks of the opening moments at both ends of
the valve should be marked on the valve stem, and the latter lengthened or shortened until equal leads at both ends are obtained.
8. Within certain limits this lengthening or shortening may
be made on the radius-bar, if it should prove more convenient ; but
it is desirable that its length should be so nearly equal to the radius
of the link that no apparent change in the lead should occur in
moving the link block.
9. The lead may be increased by reducing the lap, and the cutoff points will then be slightly advanced. Increasing the lap produces the opposite effect on the cut-off and reduces the lead the same
amount. With good judgment these quantities may be varied to
offset the irregularities inherent in transforming rotary into lineal
motions.
10. The valve events are to a great extent dependent on the
location of the suspension point of lifter of the rear end of the
radius-bar when swinging lifter is used, which requires that this
point should be properly laid out by careful designing; or, if convenient, it is preferably determined by a model, as irregularities
due to the incorrect location of this point cannot be corrected by
the other parts of the gear without more or less distortion of same.

suitable blocking or by clamping the valve rod. This seals both
steam ports and cuts out the cylinder on the damaged side.
Broken Crank-pin or Steam Valve. If a crank-pin, steam
valve or the rod connecting the crank to link should break, the ports
must be covered and the broken parts taken down. Disconnect
the lead-lever from main crosshead, taking care that the lead-lever
clears it, and then clamp the valve in position. In the case where
the ports must be covered the valve should be set in the center of its
travel, covering the ports. When using the types of gear which
has the valve-rod driven by the rocker-arm and yoke, the pin can be
taken out of the rocker-arm with it. The rest of the gear can remain hooked up. The main rod must be taken down in all cases
requiring the port to be covered.
Broken Link. Should a lifting arm or suspension link become broken, and it is desired to run on both sides, a block should
be put in the link between link-block and link, top or bottom, depending on the direction in which the engine is running.
Broken Lap-and-Lead Lever.
Should the lap-and-lead lever
become broken, the ports should be covered, the lever taken down,
and the radius-rod and valve fastened in center of seat.
Broken Radios-rod or Link-block. Should a radius-rod or linkblock pin break, the radius-rod should be taken down, the block
taken out of the links, the valve centered and clamped to hold in
center of seat. The lap-and-lead lever can remain in position, and
can swing from rocker-arm if used on crosshead. Care must be
taken that the valve rod is held rigid. On many rods a clamp
is furnished and carried on every engine, by means of which the
valve stem can be firmly secured in a position that places the valve
squarely over the ports. If no clamp is at hand, the pressure of
the steam on the valve will give enough friction resistance to hold
the valve in place ; but a clamp should be used when obtainable.
Broken Valve Stem. If the valve stem should break, disconnect the radius-rod and center the valve, blocking or clamping it
if possible. Leave the combination lever in place, providing that,
as the end swings forth and back, it does not strike the projection
of the pin that connects the main rod to the crosshead. The slide,
from which the valve stem has been disconnected by breakage,
should be placed on the slide bar in a position where it will not

WALSCHIERT VALVE GEAR BREAKDOWNS AND REPAIRS.

In case of accident, if any of the rods or connections are
broken, it is advisable, if possible, to disconnect the eccentric rod.
The combining lever should be uncoupled from the crosshead and
securely fastened in forward position. If for any reason the
eccentric-rod cannot be taken down, the radius-rod must be removed in order that no motion may be imparted to the valve. The
valve can then be placed in central position, and held either by
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interfere with the combination lever, and it should be blocked in
that position so that the motion of the lower end of the combination
lever will not result in pushing the valve off center.
Broken Main Rod. In case of a broken main rod on an engine
equipped with a Walschaert valve gear, take down the parts of the
broken rod and disconnect the radius-rod. If the valve is of inside admission, push it to the forward end of the steam chest and
clamp the valve stem or block the slide to hold it in position. If
the valve has outside admission, it should be drawn to the back
end of its travel and held there. In either case it is the object to
keep the front admission port open for steam to enter the cylinder
and the back port open to the exhaust.. Then move the crosshead
as far as it will go until the piston is against the back head of the
cylinder. This is called steam blocking, and while steam is being
used the piston will stay placed; but when steam is cut off, the piston is liable to move, so that it is best to block the crosshead in that
position. As there will be no movement of the combination lever,.
it should not be disturbed. The eccentric rod will, of course, continue to give the regular motion of the link, but the action of the
link will have no effect, as the radius-rod is disconnected from its
suspension bar and combination lever and is centered in the link.
If the front cylinder head should blow out, the radius-rod
should be disconnected, the valve centered and the back cylinder
cock removed.
If the piston rod should become bent in an accident, the
radius-rod should be disconnected and the ports covered by centering the valve. The main rod should also be taken down.
Broken Eccentric Rod. If the eccentric rod should break,
throw the reverse lever to the forward position, in order to lower
the radius-rod. Block the bottom of the link and disconnect the
suspension bar from the radius-rod, and the radius-rod from the
combination lever. Raise the front end of the radius-rod so that
it will not interfere with the rest of the gear, and fasten its forward end to anything solid, in order to keep the link from rotating. Block the valve and proceed.
Disconnecting Radius-rod. In all cases where the radius-rod
must be disconnected in cases of accident the proper method is to
first place the reverse lever in the center notch of the quadrant, in

order to get the back end of the radius-rod and the link block in
the exact center of the link. Insert pieces of wood between the
bottom of the link and link block, and secure them in position, in
order to support the back end of the radius rod at the center of the
link. Then disconnect the hanger between the lifting arm and
radius rod, and take out the pin from the front end of the radius
rod in its connection with the combination lever, suspending it
by anything that will support its weight, as it does not have any
motion imparted to it. Then center the valve by blocking or otherwise. When the engine has started, watch carefully that the combination lever does not strike the wrist-pin.
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REVIEW QUESTIONS.
WALSCHAERT VALVE GEAR.

1. How long has the Walschaert valve gear been used on
locomotives?
2. How does the Walschaert valve gear differ from the Stephenson link motion ?
3. What are the advantages of a constant lead with any valve
motion ?
4. What is the function of the combining lever ?
5. Give six different reasons which have led designers to
apply the Walschaert valve gear to locomotives.
6. Describe briefly the general arrangement of the Walschaert valve gear.
7. How are the lap and lead determined ?
8. If the valve motion did not give good results, what would
be the first thing to do ?
9. Suppose the suspension link became broken, how would
you proceed ?
10. What would you do if one crank-pin should break ?
11. Suppose a main rod should break, how would you go
about adjusting the valve gear ?
12. What precautions must be taken when disconnecting the
radius-rod.
13. When is a Walschaert motion direct and when is it indirect ?
14. What part of the valve gear can be varied in length ?
15. What kind of eccentrics are usually used with the Walschaert valve gear ?
16. Explain why the valve will not allow excessive compression with the Walschaert type of valve gear.
17. How is the radius bar attached to the combination lever
for outside admission valves ?
18. What ratio should the length of the eccentric rod bear to
the length of the eccentric throw ?
19. What should be the radius of the link ?

MO GUL TYP EFREIG HTLOCOMO TIV E
( Amer ican Locomo tive Comp any )

The Steam Engine Indicator
The Valve of the Indicator. While there has always been
considerable discussion as to the value of using an indicator on
the locomotive, there is no doubt that for the purpose of setting
the valves and sometimes in finding the efficiency of the engine,
the indicator is an extremely valuable instrument. A locomotive,
however, will often use steam economically and at the same time
burn a considerable amount of coal. This may be due to several reasons principally through the action of the exhaust. A
good indicator card should show prompt admission, sharp cut-off
and release, and small back pressure. With such a card, the steam
exhausts very rapidly from the cylinder, whereas, when the exhaust is allowed to open slowly giving a mutton-leg form of card,
the steam exhausts slowly and has a minimum effect upon the
fire. The principle reason, however, why indicators are not more
frequently used on locomotives is because they do not show the
efficiency of the boiler. Even though the cylinders of the locomotive use steam economically, it is no indication that the boiler
is working efficiently, and with an uneconomical boiler, it is
almost useless to attempt to save steam in the cylinders.
The use of the indicator, however, as an aid to the traveling
engineer, is recommended by the best engineers, and that it has
not been more used by him is due to the lack of instruments,
the difficulty encountered in piping the cylinders, the application
of reducing motions to the different types of locomotives and
the other numerous duties which he is required to perform.
The most common method employed and used as a leverage
to increase the efficiency of men and locomotives is to arm the
traveling engineer with a copy of the performance sheet for a
previous month and a letter of the Master Mechanic calling attention to the poor showing or the unsatisfactory performance of
the men and locomotives that have made a record below the average
in miles run per ton or in pounds of coal used per hundred ton
717
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mile. If the traveling engineer were equipped with the proper
indicator outfit, it would give him valuable aid in discovering, in
many cases, whether the Jack of efficiency was caused by the improper setting of the valves.
There is no more important duty after safety, time and service are cared for, than that of saving fuel. A poor showing is
usually chargeable to the mechanical department and poor power
conditions. The operating department is entitled to credit in
proportion to reductions in overtime and delayed time, better
train movement, train tonnage, handling of traffic, efficiency of
train crews, etc., when the showing is favorable, and should also
be considered when the performance is unfavorable.
In nearly every electric power plant steam is used for generating current. Engines are indicated frequently, coal and ashes
are weighed, and the evaporation of water per pound of coal is
recorded to determine the efficiency of boilers and engines, and
any leakage is properly looked after and immediately remedied,
and the cost of furnishing power is given out, showing the
economy, which so far is in favor of the electric and against the
steam locomotive. If the same attention was given to the consumption of coal and maintenance of steam locomotives, and the
losses were looked after and remedied as promptly, the reduction
in coal bills and cost per hundred ton mile, as well as improved
power conditions, would be improved.
An indicator card that will show a fine steam distribution is
of no particular value unless it is followed by a reduced cost per
mile or ton mile for fuel, as an indicator card from the perfectly adjusted valve gear would not indicate the efficiency of the
boiler, adjustment of draft appliance, economical train movement,
tonnage rating or the skill of the engineer and trainmen in getting the train over the road.
If a few trips were figured with the same engine and same
crew, first with engine valves improperly set, and then with them
set accurately, the saving in coal would make it apparent that the
indicator should be more often used than it has been in the past.
The indicator will show the pressure of steam at the beginning
of the stroke; the amount of pressure during the period of admission ; the point of cut-off; the pressure during the expansion
of the steam; the point of the stroke at which the exhaust opens;
the back pressure on the piston; the point at which the exhaust

is closed ; the amount of compression; and the horsepower of the
engine.
Having this data, the operation of the valves is exactly
known, so that if they are incorrectly set, they may be adjusted
to give the best steam distribution under the given conditions.
Should the engine, with the proper valve setting, run uneconomical, then the attention must be directed toward the boiler; which,
of course, must always be considered in connection with the
economy of the locomotive.
The indicator is an instrument for producing a continuous
record of the varying steam pressure and the motion of the piston
in an engine cylinder during a complete rotation of the shaft.
It is used to show just when and how the pressure changes, and so
to ascertain the time of opening and closing the valves, or to detect leakage or rapid condensation of steam. It is also used to
measure the work done by steam upon the engine piston, and
thereby to furnish an indication of the horse-power. For assistance in setting valves it can be applied with great advantage to
engines, pumps, compressors, and various other machines, but a
greater value lies in its application for measuring power developed
or work done by steam, air, gas, water, or any other elastic vapor
or liquid confined under pressure. For this latter purpose no
other instrument is available and the indicator is indispensable.
In the early days of engineering, when steam engines were
used only for pumping water before the application of the crank,
connecting-rod, and fly-wheel had made them available for imparting circular motion to shafting, and thus applicable for general power purposes, they were designed to receive steam at full
pressure from the beginning to the very end of the stroke, and
then to close the admission and simultaneously open the exhaust
so that the steam escaped without expansion. The piston was
driven by a constant pressure throughout its working stroke, and
was resisted by a constant lower pressure during the exhaust
stroke. With such an engine it was easy to calculate the net work
done per revolution.
When James Watt began to build engines for the English
cotton mills he found that better economy was secured by cutting
off the steam supply somewhere near mid-stroke, and then allowing expansion to take place until the stroke was finished. He
found that the pressure, the driving force of steam, diminished
rapidly after cut-off, and that consequently less work was done by
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an engine of a given size, but the steam consumption decreased
much faster than the work, and as a result the engine was more
economical. Soon afterward the gradual increase in speeds necessitated closing the exhaust valve before completing the return
stroke, so that the compression thus introduced might cushion
the piston and bring it to rest without shock. Thus the forward
stroke was caused by a pressure which was constant up to cutoff, and then decreased (though no one knew just how fast),
and the return stroke was made against a pressure, constant
until the exhaust valve shut, and then increasing rapidly (though

It is now manufactured by many different companies, each of
which has special details of construction, but the essential features
are the same in nearly all the well-known instruments.
What may be regarded as the standard form of steam engine
indicator is shown in Figs. 1 and 2, the former made by the Star
Brass Mfg. Co., and the latter by the Crosby Steam Gage Co.

Fig. 1
to an unknown extent) during compression. A device for recording this fluctuating pressure and measuring its net effect in performing work was much to be desired, for upon such measurement depended the whole problem of improving steam engine
economy by a proper setting of the valves. Realizing this necessity, Watt invented the indicator. Though his original instrument produced no record, and would be of little use for the high
speeds and high pressures of to-day, he was able to make invaluable use of it in perfecting the engines built by his firm. Since
that time the indicator has been greatly modified and improved.

Fig. 2
These instruments differ principally in the form of pantograph
used for the pencil mechanism; internal details of the cylinder
and drum are almost alike in both.
Referring to Fig. 2, steam from the engine enters at 6, filling the lower part of the cylinder and its surrounding jacket
space. Upward pressure on the piston 8 is resisted by a spring
46
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above it, the top of which (see Fig. 34c) is screwed fast to the
cylinder cap 2, and thus held at a fixed height, while the bottom
can move up and down with the piston in response to variation
in steam pressure. At A there are several vent holes of ample
size communicating with the atmosphere, so that steam leaking
by the piston cannot accumulate pressure above it. The height
of the piston at any instant depends solely upon the steam pressure and the resistance of the spring, subject to slight and unavoidable influences to be explained later. The piston rod is accurately guided at the cylinder cap by a very nicely ground bushing.
It is hollow, with a long internal thread into which the swivel
head 11 is screwed, more or less, so that the height of pivot 12
ran be varied for any given position of the piston.
The pencil pantograph is made of steel, as light as possible,
and is so designed that, point 12 being guided vertically, the
pencil point 28 moves vertically also, and multiplies the Motion
of 12 six times. No pantograph made up entirely of links pivoted
in this manner can be arranged to move the pencil in a mathematically straight line, exactly parallel with the path of 12, with
its motion precisely a certain number of times greater, but the
mechanisms used on all good indicators give practically exact
motions except possibly at the extreme upper and lower limits
of the pencil travel, and if in good order they are quite satisfactory
in this respect. The pivots are tapered steel pins, hardened and
ground to fit with very little friction and yet little backlash. In
the pantograph shown in Fig. 2, holes 18, 19, and 28 are exactly
in line and accurately 'spaced. The rest of the mechanism is so
proportioned that point 12 is always in line between 17 and 28.
If the piston rises inch the pencil will rise 1 inch, and if the
spring is of a known degree of stiffness the rise of the pencil can
be used for measuring the increase in steam pressure.
A helical spring subjected to compression or tension shortens
or lengthens proportionally to the force applied. If 1 pound compresses it A, inch, 2 pounds will compress it -2-ty and so on
provided the elastic limit is not exceeded. Now the indicator
described, and almost all others of the standard type made for
steam engines have pistons ground to such a diameter that the
area is exactly square inch. Suppose that the spring in Fig. 2
is of such a scale that it shortens -2-1-5. inch per pound force applied,
and that when atmospheric pressure exists above and below the
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piston the pencil 2$ stands at a given height. Then suppose a
steam pressure of 80 pounds per square inch is exerted below
the piston. Its upward force, 80 X or 40 pounds, will compress
the spring 40 X a inch or inch, so that the pencil will rise 6X
* inch or 1 inch. Such a spring is stamped by the makers with
the number 80, and is referred to as an 80-pound spring, or the
scale of the spring is said to be 80 pounds.
The paper drum in Fig. 2 is removable from its base 27 by
a straight upward pull. A helical spring inside can be adjusted
for any desired torsion, and serves to return the drum to position
after the cord has been pulled out and then let back. The cord
is to be connected to a proper mechanism for reducing the motion of the engine crosshead in such a manner that as the engine piston moves to and fro the indicator drum will oscillate
about its axis, and its circumferential displacement at any given
time will always be in direct proportion to the piston displacement from the beginning of the stroke. Fig. 3 shows a pair of indicators attached to an engine and operated by a common form of
reducing motion known as a Brumbo pulley. It consists of an
arc fastened to a lever swinging about a fixed pivot and connected
at the lower end to the crosshead.
For the pencil point graphite was formerly used and the
diagram was traced on a piece of ordinary white paper, but at
present almost all indicators have points of soft brass, a metal
which makes a clear black line on paper coated with a starch
sizing containing a chemical salt, usually zinc oxide. This paper
has a hard, smooth surface, and will receive a mark from any soft
metal, such as copper, lead, or aluminum. Sheets of it cut to
the proper size and known as metallic indicator cards are sold
in convenient blocks of 100, with blank forms for data printed on
the back. Their use is generally advisable, for the brass pencil
can be sharpened to a fine, rounded point which will glide over
the paper with very little friction and remain sharp much longer
than graphite.
When a diagram is to be taken from an engine, a card is
wrapped about the drum and held by slipping its ends under the
paper clips. The cord is then connected to the reducing motion
and the indicator cock opened, admitting steam. Then the handle
22, Fig. 2, is grasped and the sleeve X is turned, carrying the
entire pencil mechanism and pressing the pencil against the paper.
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As the pencil rises and falls the paper moves horizontally under it,
and the two motions combine to produce an irregular figure known
as the indicator diagram.
Hypothetical Diagram. Consider the diagram which would
be drawn by the indicator at the head end of Fig. 3. When the
piston is at the head end dead-point the cord is wound upon the
drum. Motion toward the right pulls the cord, and if the inilieator is like Figs. 1 or 2 the drum turns clockwise, as seen from
above, moving the paper so that the pencil is in contact with the

the height of the pencil when atmospheric pressure exists above
and below the indicator piston. Pressures are usually measured
from this line, although what are called absolute pressures are
measured from another line, to be explained later. When the
indicator cock is open, as soon as steam enters the engine cylinder the pencil rises to a, at a height corresponding to 90 pounds
pressure per square inch. A scale divided into as many parts
per inch as the scale of the spring, in this case 60, can be used to
read pressures directly in pounds per square inch. As the engine
piston moves toward the right, the paper actually moves to the
left, but the relative motion is the same as if the paper were sta-
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Fig. 3

Fig. 4

right-hand end of the sheet when the piston reaches its crank-end
dead-point. Suppose the engine admits steam just as its stroke
begins, cuts off the supply at 39 per cent of the stroke, opens the
exhaust valve at the end of the stroke, and shuts it for compression
a little before the return stroke is finished. Suppose also that
the act of opening or closing a valve is practically instantaneous,
and that the steam ports are large enough to cause no perceptible
loss of pressure in steam passing through. Assuming that the
boiler pressure is 90 pounds per square inch and the pressure in
the exhaust system is 7 pounds, and that a 60-pound spring is used
in the indicator, the diagram drawn would be like Fig. 4.
The atmospheric line g is drawn by touching the pencil to
the card before opening the indicator cock, and consequently shows

tionary and the pencil moved toward the right. While steam
enters the cylinder full pressure is maintained, as shown by the
horizontal admission line ab, sometimes called the steam line. At
b, cut-off takes place, after which no more steam can enter. What
is already there at once begins to expand or increase in volume,
and consequently decreases in pressure as the piston moves further on its stroke, thereby providing more room for the steam.
The rate at which pressure falls off as volume increases is shown
by the slope of the curve b c, called the expansion line. Notice
that at first the drop is very rapid, and that it becomes less and
less so as the pressure decreases. Point c marks the event of
release; at that instant the exhaust valve opens, and since the
pressure inside the cylinder is higher than in the exhaust pipe, a
sudden rush of steam from the cylinder results, thus dropping
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the pressure to d. It is this sudden reduction in pressure at exhaust that causes the loud puffing of locomotives when operated
with a late cut-off, and consequently high pressure at release. It
- also causes the still more noisy action of gas and gasoline engines when exhausting directly into the atmosphere without a
muffler. Exhaust into a closed pipe, such as we have supposed,
of course produces very little sound, no matter bow great the drop
in pressure.
During the return stroke the piston pushes the remaining
steam out through the exhaust port, but does not thereby increase
the pressure, for the port is assumed to be large enough to offer
no obstruction. During this stroke the indicator traces d e, the
exhaust line, or back pressure line, at a height corresponding to
7 pounds. At e the exhaust valve shuts, and no more steam can
leave the cylinder. This is the point of compression. The
curve ef, showing how fast pressure increases as the piston completes its return stroke, is called the compression line. It rises
steeper and steeper as the volume decreases. At f, when the piston reaches its dead-point, the admission valve opens to let in
steam for the next stroke, and the pressure at once rises, sending
the pencil up to a.
Actual Diagrams. The figure just described may be called the
hypothetical diagram for an engine with stroke events occuring at
the points stated, assuming instantaneous opening and closing of
valves and no loss of pressure due to narrow steam ports. But the
ports of actual engines are never large enough to offer absolutely no
resistance to the flow of steam, and the valves open and shut gradually, so that the narrow crack they offer for passage when beginning to open or when almost closed increases the obstruction. The
effect is to reduce the pressure by an action called wire drawing.
This always takes place when an elastic fluid is forced rapidly
through a constricted passage. Suppose an engine has exceedingly small admission ports, and that it runs at high speed. When
the stroke begins the piston moves outward, increasing the volume
that steam can occupy. To maintain constant pressure behind it
and draw a horizontal line like a b, Fig. 4, steam must enter the
cylinder. Therefore the pressure in the steam chest must be
higher than in the cylinder; otherwise no steam could pass through
the port, for a body cannot start moving unless some unbalanced
force or difference in pressure pushes it. If the piston moved
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uniformly the required difference would be constant, and a
would be horizontal a little below the height corresponding to
steam-chest pressure. But the piston velocity increases as the
stroke proceeds, and to maintain constant pressure steam would
have to enter the cylinder faster and faster, which it could not
do unless the chest pressure increased so as to gradually increase
the unbalanced force available for sending steam through the
port in increasing quantity. Of course no such variation in steamchest pressure can be arranged; at best this pressure can only be
prevented from decreasing, and the inevitable result is that for a
simple engine a constant pressure during admission cannot be
maintained, but the line a b must slope downward. Its departure
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Fig. 5
from the horizontal becomes more noticeable as the engine speed
increases.
If the admission valve remained wide open until just the
moment for cutting off, and then closed instantaneously, a sharp
turn in the indicator card would be produced as at b, Fig. 4; but
in the actual case, while the valve is closing it gradually narrows
up the steam passage, thereby further obstructing the flow, so
that pressure decreases and rounds off the corner of the diagram,
as shown in Fig. 5.
Fig. 5. is a typical diagram from an engine which runs at
comparatively low speed, and which has its steam distribution clearly defined. It shows only a slight loss of pressure, due to wiredrawing in the port during admission, because the speed of such
engines is always low, and ample port area is easily provided.
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The admission valve is closed rapidly, though not instantaneously,
by action of a vacuum dash-pot, so that the steam line is slightly
rounded near cut-off. If the dash-pot is sluggish in its action,
this rounding may become more noticeable. The exact point of
cut-off is at b. It is around the bend of the admission line where
the curvature reverses from concave on the lower side to concave
on the upper. After the valve shuts no steam can enter or leave
the cylinder until release at c; hence the quantity present expands
and draws a curve whose general character does not change from
cut-off to release. No sudden change in slope of this curve can
occur until steam begins to leave the cylinder. When interpreting an indicator card a beginner is likely to place the cut-off too
early and the release too late. A little practice in estimating the
time of stroke events from cards, and comparison with the exact
time ascertained by careful measurement of the valve gear will
enable one to locate cut-off, release and compression for cards like
Fig. 5 within 1 per cent of the true piston displacement. Cards
from high-speed engines, however, cannot be read so closely, for
on account of wire-drawing during admission the change of slope
at cut-off is often very slight. Diagrams from compound and multiple-expansion engines are so modified by the effect of one cylinder on another that often an event of the stroke cannot be estimated within several per cent.
Lead. Nearly all steam engines are given a lead of admission; that is, the valve begins to open to let in steam just before
the stroke begins. This is done to avoid excessive wire-drawing
through the opening port during the first part of the stroke. The
lead is the linear distance a valve has opened by the time the deadpoint is reached, and for engines running at high speed it is often
considerable, say # inch for an engine with only 3 inches valve
travel. It might seem that to get such a lead a valve must begin
to open so long before the dead-point that high pressure would
be let into the cylinder too soon, and so oppose the piston just
then completing its return stroke. But such is not the case.
When the crank is approaching its dead-point, and the piston
coming to rest, the valve is not far from mid-position and is still
moving rapidly, so that to get a considerable lead it is not necessary to begin opening the valve much before the piston has finished its return stroke. In the engine from which Fig. 5 was
taken the valve had -# inch lead, and steam began to enter the

cylinder while the crank was still several degrees from its deadpoint, but the piston had so nearly reached its end position, and
the indicator card was so nearly at rest that the diagram gives no
evidence of just when the valve opened or just what maximum
pressure was developed in the cylinder by compression. A method
of obtaining this information will be described later.
If there is no lead, instead of rising vertically from f, Fig. 5,
the diagram will slope toward the right as in Fig. 9. This prevents full pressure acting on the piston till after the working
stroke has begun, and so decreases the power of the engine.
Release takes place before the stroke is finished, and the card,
Fig. 5, shows consequently a slight loss in driving force just at the
end of the stroke; but this setting is necessary to get the exhaust
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Fig. 6
valve wide open when the return stroke begins, and thus give a
clear passage for steam leaving the cylinder.
Stroke events are always measured from the admission end of
the stroke, and are stated in inches of piston displacement or in
per cent of full stroke. The latter can be measured from the
card without knowledge of the actual piston stroke, but for the
former the length of stroke must be known. Thus the diagram,
Fig. 5, taken from a simple engine, shows a cut-off at 39 per
cent, which corresponds to a piston displacement of 161 inches;
release at 96 per cent and compression at 5 per cent. This valve
setting may be considered a very good one for a simple, non-condensing engine.
If the engine exhausts to a condenser the diagram drawn
will lie partly above and partly below the atmospheric line, as
shown clearly in Fig. 6. Pressures may still be mess-
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ured from the atmospheric line, being called positive when above
and negative below, or they may be measured from the vacuum
line, V, drawn below the atmospheric line at a distance corresponding to barometric pressure when the card was taken. No part of
the diagram can fall below this line, for it represents the absolute zero of pressure as nearly as can be produced. All pressures
measured from it are necessarily positive, and the confusion often
arising in computations involving negative signs is thus easily
avoided. Atmospheric pressure varies with the weather, and also
with the altitude. Near sea-level the barometer seldom rises
above 31 inches, or falls below 29 inches, averaging about 30
inches. A column of mercury 1 inch high exerts a pressure of
.491 pounds per square inch, so that the pressure of the atmos-

power and not the best economy. As the speed of such engines
is usually high, a considerable loss in pressure takes place during
admission. The steam line is always rounded by further wiredrawing while the valve is closing, so that accurate location of the
cut-off is more difficult than for the card of a Corliss engine.
Cut-off is usually after half-stroke, often as late as or stroke,
so there is comparatively little expansion, and when release
occurs the pressure within the cylinder is still much higher than
that into which it exhausts; in other words, the expansion is very
incomplete. Slide-valves, when designed and set to cut-off before
half-stroke, necessarily give early compression or late release.
They are seldom used for early cut-off, except in connection with
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Fig. 8
Fig. 7
phere corresponding to the mean barometric height is 30x.491,
or 14.7 pounds per square inch. Often the approximate figure
15 is close enough, and the vacuum line may be drawn 15
pounds below the atmospheric line. If, however, greater accuracy
is desired, for instance on a card from a low-pressure cylinder
where the whole diagram is below the atmospheric line, where
the maximum range in pressure is perhaps only 8 or 10 pounds,
and where the use of a sensitive spring in. the indicator permits greater precision of measurement, then the barometer reading should be obtained and the true atmospheric pressure calculated.
Fig. 7 is the typical diagram from a slide-valve engine, with
fixed eccentric, such as is used for driving centrifugal blowers, for
hoisting and for other purposes requiring comparatively small

some variable expansion gear, such as a Stephenson-link or a flywheel governor.
Diagrams from the head and crank-ends of an engine cylinder
may be taken with separate indicators, as in Fig. 3, or a threeway cock may be used to connect a single indicator with either end,
so that both diagrams may be taken on the same card, one after the
other, as in Fig. 26.
Fig. 8 shows a pair of diagrams from a slow speed engine
running at only 48 revolutions per minute. The pressure at the
throttle was 85 pounds, and the engine exhausted through a coil
feed-water heater to an open exhaust head on the roof of the
building. The mean exhaust pressure, or the average pressure
in the cylinder during either exhaust stroke, was a trifle more
than 2 pounds, caused by resistance to passage of steam through
the heater, as well as the exhaust ports and pipes. Head
and crank-end cards are marked H and C. This engine

THE STEAM ENGINE INDICATOR.

THE STEAM ENGINE INDICATOR.

has drop cut-off valves actuated by springs which shut the valves
quickly, as shown by the comparatively sharp corners on both
diagrams. No perceptible loss of pressure is shown during admission to either end. This is due to low speed and ample port
area. The head cut-off is slightly longer than the crank. Both
are very early—so early that expansion is nearly complete; that
is to say, the steam expands till its pressure is reduced to nearly
that in the exhaust pipe before it is released. The two backpressure lines coincide exactly for most of their length, as of
course they should, for both ends of the cylinder exhaust into
the same pipe, and as each sends out approximately the same
amount of steam it should meet with the same resistance to
passage. The head-end compression begins a trifle later than the
crank-end; each is carried high.
Valve Setting. It is customary to set valves so that distribution of steam shall be alike at both ends, as manifested by similarity of the two cards. Under such conditions about the same
amount of work is done on each stroke, and the engine runs with
greater regularity, less pounding, and usually with better economy than for any other setting. The crank-end cut-off is sometimes set a trifle later than the head-end, however, to compensate
for loss in effective area of piston due to the piston rod. In
vertical engines a difference in point of compression is desirable
to counteract the weight of the piston and crosshead. The most
desirable setting for engine valves depends on the type of engine,
its speed, and the conditions of service under which it operates.
In general:

Fig. 9 shows a pair of cards from a horizontal engine with
slide valve and fixed. eccentric. The valve gear was known to be
improperly adjusted, and these two diagrams were taken to discover wherein lay the error. (Arrows have been supplied and
the points of cut-off marked to aid the reader in distinguishing
head and crank-end cards.) The most serious fault shown is
an extremely late admission at each end. Not only do the lines
depart from perpendiculars, but they do not rise at all till after
the stroke is well begun. Both points of cut-off are very late—
too late even for a slide valve. There is almost no expansion.
Both ends release so late that considerable pressure remains in
the cylinder for some time after the return stroke begins, thus
reducing the power. There is no compression at either end. To
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1. Only enough lead should be given to produce perpendicular lines on
the indicator diagrams at the beginning of admission.
2. The port opening should be enough to prevent excessive loss of
pressure by wire-drawing during admission.
3. Cut-off should be at approximately the same per cent. of the
stroke at. each end and should be as rapid as the nature of the gear will
permit. In drop cut-off gears the dash-pots should act. promptly.
4. Release should occur no earlier than absolutely necessary to insure a
quick drop to back pressure and prevent undue loss of power by impeding the
piston at the beginning of its exhaust stroke.
5. Compression should occur early enough to cushion the reciprocating
parts and also to raise the steam pressure well up toward boiler pressure.
This last requirment is essential for good economy in the use of steam.
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Fig. 9
be sure the port is finally shut, after which no more steam can
leave the cylinder, and such closing is always defined as the event
of compression, but in this engine the return stroke is completed
and the forward stroke begun when closure takes place. All eight
valve events, four at each end, are therefore too late, which means
that the eccentric was not set far enough ahead of the crank.
Accordingly it was advanced about 15°, and the next cards taken
looked like Fig. 10. Here a vibration of the pencil mechanism
due to sudden change of pressure at admission produced a wavy
line at the top of each card. This action is often unavoidable,
even with the best indicators. A stiff spring will sometimes
reduce but not entirely prevent it. Fortunately it is of no serious
consequence, for a line can be sketched through the undulations
which will represent very closely the true changes in pressure and
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volume as shown dotted on the head-end card. But this line
will not pass through points half way between crest and trough of
each wave. It should pass nearer the first trough than the first
crest, nearer the second crest than the first trough, and so on, for
after a spring has received a sudden blow, the amplitude of its
vibrations above and below a median line gradually diminishes
as it comes to rest.
The cards of Fig. 10 show that the head-end admission is now
early enough, and the crank-end still a little late, though not
seriously. Head-end cut-off is later than crank-end. Head-end
release is later than crank-end. Head-end compression is earlier
than crank-end. Therefore the adjustment might have been

stopping a very objectionable pounding at the crank pin, cut
down the steam consumption from 43.1 pounds to 34.6 pounds
per horse-power per hour.
Fig. 11 shows the effect of excessive angular advance. All
the events are too early. Steam is released and allowed to escape
long before its work is finished, and compression occurs so early
that the pressure developed rises high above that in the steam
chest. At f the admission valve opens, but instead of steam entering the cylinder from the chest, it momentarily goes the other
way until the pressures are equalized. Such excessive cushion-
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Fig. 11
Fig. 10
further improved by slightly lengthening the valve spindle, for the
engine had a slide valve admitting steam at the outside edges, so
that lengthening the spindle would have hastened cut-off, hastened
release, delayed compression and delayed admission at the bead-end,
and produced opposite effects at the crank-end. But the diagrams
as they stand in Fig. 10 show very good steam distribution, and
little would have been gained by changing it.
The cards of Fig. 9 are not nearly as bad as would be drawn
by many engines actually running, if the owners would take the
trouble to indicate them. To show that the faults detected by such
cards are of serious consequence, and lie not merely in the looks
of the diagram, it may be stated that in the engine from which
Figs. 9 and 10 were taken the change in valve adjustment, besides

ing is not necessary for quiet running, even at highest speed. It
reduces the power, for the loop in the diagram shows that during
the last part of the return stroke, when the piston should be impeded as little as may be, the resisting force is even greater than
that exerted to drive the piston over the same part of its travel
during the working stroke. To cite a case illustrating the loss
due to such valve adjustment, a horizontal engine 8 inches diameter by 10 inches stroke, direct-connected to a centrifugal pump,
had its speed increased from 156 revolutions per minute to 215
r. p. m. by merely setting the eccentric back to its proper position, as shown by the indicator.
In case of excessive wire-drawing during admission or exhaust, the indicator may be used to determine whether it is caused
by a small steam pipe or narrow cylinder ports. For this purpose an indicator may be connected to the steam-chest and sim-
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ultaneous diagrams taken from the chest and the cylinder. The
chest diagram may then be transferred to the cylinder card, when
the combination will look like Fig. 12. Though two diagrams
are obtained from the cylinder, only one is drawn from the steamchest. It is i e f h g f i. The admission lines a b and c d slope
rapidly, proving that an obstruction or constriction exists somewhere between the boiler and the cylinder. Line i e slopes downward, though not so fast as a 1), showing that the steam-chest pressure decreased while the head-end was taking steam, and that a
further drop occurred before steam got past the valve into the
cylinder. This indicates too great resistance to flow between the
boiler and the chest, caused very likely by insufficient opening

governor introduces in hastening the cut-off to suit a lightened
load.
In a given interval of time the crank of an engine turns
through equal angles, beginning at any point of its revolution.
Its motion is uniform. That of the piston is not uniform. Near
the dead points it travels very slowly, and since the indicator drum
is turned proportionally to the piston motion, the card produced
is shortened at the ends, so to speak, a given horizontal distance
near either end representing much longer duration than the same
distance measured at the middle. In Fig. 5, the compression line
rises steeper as the volume decreases, and becomes perpendicular
apparently at the dead point. The time elapsing while pressure
increases from f to a cannot be estimated from this card, because
f a is practically a straight, vertical line, yet we know that this
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Fig. 12
at the throttle, though possibly by too small a steam pipe. The
drop between i e and a b is attributable only to a small port or incomplete opening of the port by the valve. When the valve shuts
at b., the chest pressure rises from e to f, and remains constant to
the end of the stroke h, for during this period no steam passes
through the chest. At h, steam begins to enter the crank-end, and
the drop 1 g occurs. If i e had been more nearly horizontal, it
would have shown less wire-drawing in the throttle or the pipe
and more in the cylinder port. Cards from engines with throttle
governors, running at light load, often have i e and h g sloping
more than in Fig. 12, the loss in pressure being caused by intentional wire-drawing at the governor. Cards from engines with
shaft governors at light load have i e nearly horizontal and a b
dropping rapidly below, the greater loss in pressure occurring in
the cylinder ports, due to reduction in port opening which the
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Fig. 13
rise in pressure can not be instantaneous. To lengthen out the
ends of a diagram for the purpose of studying how the pressure
changes, we may pull the indicator cord uniformly, by a drum
geared from the engine shaft, and then shut the cock before letting it re-coil; or we may take what is called an eccentric card
by attaching the cord to the valve rod or some other part of the
valve gear instead of to a reducing motion connected with the
crosshead. Events occurring near the ends of an ordinary card
will be transferred to the middle of this new diagram because
the motion is derived from the eccentric, which, roughly speaking, is somewhere near mid-position when the piston is near its
dead-points. Fig 13 is an eccentric card from a Corliss engine
similar to that from which Fig. 5 was taken, except that the cutoff occurred earlier and there was not quite so much compression.
It was taken by connecting the indicator cord to the rocker be47
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tween the eccentric-rod and the gab-rod or wrist-plate rod. From
the nature of the motion, therefore, equal horizontal distances do
not represent equal intervals of time, but the diagram is nevertheless useful for determining the pressure existing at the end of
compression. Corresponding events on Figs. 13 and 5 are lettered alike. The change in pressure occurring at the end of
compression is shown very clearly in 13, point f indicating the
moment of opening to admit steam from the boiler. The slope of
f a shows an appreciable time elapsing before maximum pressure
is reached, though it cannot easily be used to measure the time.

33,000 foot-pounds per minute.* The power developed by steam
in the engine here considered would therefore be
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INDICATED HORSE-POWER.

Work is done whenever a force acting upon a body moves it
through space. If the body does not move, no work is done, regardless of how great the force, but if motion does result the work done
is equal to the force in pounds multiplied by the number of feet
through which the body moves, and it is expressed in foot-pounds.
Consider a single-acting engine in which a uniform pressure of
90 pounds per square inch acts upon the piston from beginning
to end of the working stroke, and a uniform pressure of 7 pounds
per square inch resists it during the entire exhaust stroke. These
conditions are the same as assumed for Fig. 4, except that steam is
not cut off till the stroke is finished and there is no compression
whatever. If the piston area is 95 square inches, and the stroke
is 18 inches, or 1.5 feet, the total force acting during the working
stroke is 95x90, or 8,550 pounds, and the work done upon the
piston is 8,550x1.5, or 12,825 foot-pounds. During the return
stroke steam pressure on the piston cannot assist, but can only
impede its motion. The piston is driven back by the crank and
fly-wheel against a total pressure of 95x7, or 665 pounds, and
the work thus done by the engine on the steam in pushing it out
of the cylinder is 665x1.5, or 997.5 foot-pounds. The net result
is that 12,825-997.5, or 11,827.5 foot-pounds are done by the
steam each revolution. At 200 revolutions per minute the steam
would do work at the rate of 200x11,827.5, or 2,365,000 footpounds per minute, and this would be the power developed, for
power expresses the rate of doing work.
Smaller numbers being desirable, a larger unit than 1 footpound per minute is used, viz.: the horse-power consisting of
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2,365,000
, or 71.7 horse-power.
33,000

Reviewing the method by which this result is obtained, we may
write the algebraic formula

LELP---E(PxAxii)-(pxAxI)]

X 3 3,000

where I.H.P. stands for indicated horse power; A. for area of
piston in square inches; P for pressure per square inch during
the working stroke; p for pressure per square inch during the
exhaust stroke; L for length of stroke in feet; R.p.m for revolutions per minute. Simplifying,
I.H.P— (P—p) X A XL X

R.p.m.

33,000

in which P—p shows the difference in pressure per square inch
during the two strokes. The indicator diagram drawn by such
an engine would be a rectangle in which P—p would appear as
the height of the diagram, and might be measured directly in
pounds by applying the proper scale.
Now suppose that as in the actual ease the engine is not
supplied at constant pressure throughout the driving stroke, but
that from the beginning, steam pressure gradually decreases, due
to wire-drawing, that eut-off occurs, followed by expansion and
loss of pressure, and that the return stroke terminates with a
sudden rise due to compression. The card would then be like
Fig. 5. For computing the horse-power developed we can no
*James Watt selected this value. He knew that it represented a faster
rate of working than a horse can maintain for any considerable time, but he
was building steam engines and installing them in competition with animal
power, and on business principles he preferred to underrate rather than over
rate his machine&
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longer determine P or p by a single measurement, since neither
is constant from end to end ; but we can take mean values of P
and p, separately, by measuring the pressure at a number of equidistant points, and then averaging, or we can obtain more directly
a mean value of the difference, P—p, by averaging the height
from back pressure line to steam line, measured in a number of
places. By the former method we should be finding P., the average pressure acting during the forward stroke upon each square
inch, a pressure which, if exerted uniformly throughout the stroke,
would give to the piston just as much work as is actually given by
the varying pressure; and we should be finding p, the average pees-
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how it can be measured. Each card is divided into 10 vertical
sections of equal. width, and the middle height of each strip, shown
by a dotted line, is measured to the proper scale of the indicator
spring. The average of these 10 measurements is the mean effective pressure. In any looped diagram showing lower pressure
during a part of the driving stroke than during the corresponding part of the return stroke, the middle heights of strips in the
looped parts must be given negative signs and allowed for in
averaging. Cards like Fig. 16 are often very confusing. The
first step toward correctly understanding such a diagram is to
ascertain in which direction the line was traced, and to identify
the points of cut-off, compression, etc., so that the steam and expansion lines may be distinguished from the back-pressure line.

r'

.,'°,
sr
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4)

Ilikkillbab
Fig. 14
sure resisting the piston on its return, a pressure which, if exerted
uniformly throughout the stroke, would take from the piston exactly as much work as is taken by the varying back pressure. Sub.
tracting this mean resisting pressure from the mean driving pressure, we get the mean effective pressure, a force which, if exerted constantly on each square inch of the piston from beginning to end of the working stroke and then ceasing entirely during
the return stroke, would do the work actually done by the varying
pressures during a complete revolution.
The second method is shorter. The mean value of P—p,
the mean effective pressure, is simply the average vertical height
of the steam line above the back-pressure line expressed in pounds
per square inch instead of in inches. Figs. 14, 15, and 16 show

At speeds above 250 it is difficult to tell by watching the indicator which way the pencil draws the diagram, but this can usually be determined by studying the card itself. In Fig. 16, d
is easily identified as the point of compression, from which it is
at once apparent that the card was traced as indicated by the
arrows. In the enclosed part lettered a e d f the expansion line a
is higher than the back-pressure line, which means that this part
represents positive work done by the steam on the piston. But
in the two loops e b c and f g h the reverse is true, signifying that
the work represented by these areas is done by the piston on the
steam, and consequently is of negative value. The sum of the
negative pressures is greater than the positive, so the average or
mean effective pressure must be written with a negative sign.
This means that the horse-power calculated from such a diagram
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will be negative. The piston actually pumps steam out of this end
of the cylinder instead of itself being driven by the steam. This
card is a light load diagram from the low-pressure cylinder of a
compound engine with fixed eccentric for the low and a shaft
governor for the high-pressure valve. The engine was designed
to run condensing, but was operated non-condensing, hence the
exhaust line c e d is much higher than it should be. If exhausting to a condenser the loop e b c would disappear, and probably
f g h would be scarcely perceptible. As it was, the high-pressure

a recording wheel D, and a vernier E. The instrument touches
the table at only three points—A, C, and the bottom of the recording wheel. The axis of the wheel is exactly parallel to the
table and in line with B C, or, as sometimes made, parallel to B C.
It turns with very little friction. Its disc is of hardened steel,
with a V-shaped edge ground to exact diameter. Attached to
it is a cylindrical scale D, divided into 10 equal parts, each subdivided into 10. The vernier does not turn with the wheel, but
is carried on the tracing arm. It has 10 equal divisions, covering 9 of those on the wheel, thus serving to read the distance
through which the wheel turns to . of a division, or ru'uir of its
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Fig. 16
cylinder dragged the low like a pump, and the total indicated
horse-power of the engine was less than that of the high alone.
Instead of obtaining the mean height by averaging a number
of measurements, we can make use of the fact that the average
vertical height of any figure equals its area divided by its horizontal length. The average height of an indicator diagram from
back-pressure line to steam-line is equal to the area in square
inches divided by the length in inches.
The Planimeter. An instrument for obtaining areas of plane
figures bounded by irregular lines is shown in Fig. 17. It is
called a planimeter. For use it is laid on a table and placed about
as shown with reference to the diagram whose area is to be found.
The polar arm AB turns about the pivot A, which is depressed
into the table and held in place by a weight. The tracing arm
BC is hinged to the polar arm at B, and carries a tracing point C,

Fig. 17
entire circumference. If the tracing point is moved say to the
left for a short distance, the wheel rolls so that its reading against
the vernier zero increases. Then if the tracing point is returned
along the same line to its original position, the wheel rolls backward until it reads exactly as at first. But if C is traced around
any line enclosing an area, in the direction of the hands of a clock,
the wheel rolls so that its readings now increase, now decrease, in
apparently erratic fashion, yet when C finally reaches its startingpoint the reading is greater than at first, and the difference is a
measure of what may be called the travel of the wheel, or its final
circumferential displacement past the vernier zero. The remarkable property of this instrument is that the area in square inches
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of the figure traced is equal to the travel of the wheel in inches multiplied by the length of the tracing arm. The planimeter shown in
Fig. 17 is of convenient size and made especially for indicator
cards. The diameter of the wheel is .7458 inches, its circumference 2.343 inches, and the length of the tracing arm 4.27 inches.
2.343X4.27=10.00. Therefore one complete revolution of its
wheel records 10 square inches, and the scale is so divided. If
the scale reading before starting around a card is 4.89, and after
finishing 6.97, the area is equal to the difference, or 2.08 square
inches. Usually it is well to set the scale at zero when starting.
The final reading then gives the area. In principle the planimeter is mathematically correct, as can be demonstrated by means
of the calculus. Practically, in the form of Fig. 17 it will measure areas of the usual shapes and sizes of indicator diagrams, with
errors not exceeding A T of one square inch, when carefully used.
For best results it should be placed as shown, so that when C is
in the middle of the figure the angle A B C will be about 90°.
The wheel should roll on a smooth but not glossy surface, such as
a sheet of linen record paper.
The mean height of an indicator diagram in inches is equal
to its area in square inches divided by its length parallel to the
atmospheric line. Its mean effective pressure in pounds per
square inch, abbreviated by If.e.p., is equal to its mean height in
inches multiplied by the number of pounds per square inch corresponding to each inch of height.

planimeter, if started at 0 or 10, will finally read less than 10,
and the difference should be given a negative sign. Let it be
understood, however, there can be no such thing as a negative
area, or a negative pressure exerted by a fluid; but the area of an
indicator card and its mean effective pressure may be written with
minus signs to show that power calculated from them is to be
subtracted when finding the total power of the engine.
Position of the atmospheric line has no connection with the
mean effective pressure. A card may be entirely above it, as in
Fig. 14, part above and part below, as in Fig. 15, or entirely below,
as in cards from the low-pressure cylinders of some triple-expansion engines, yet the M.e.p. may be obtained as described, with
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Area of diagram
X Scale of spring.
Length
In planimetering a looped diagram, that part which represents positive work should be traced clockwise, in order that the
area shall read positive. Start at any point on this part of the
diagram, for example at a, Fig. 16, and move in a clockwise direction, but instead of tracing each loop separately follow the
diagram continuously, thus: a f h g d e c b e a. In so doing the
loops f g h and e b c, representing negative work, will be traced in
a counter-clockwise direction, and the planimeter will automatically subtract the sum of their areas from that of e d f a, so that
a final reading will show the net area of the card. If, as in
Fig. 16, the two negative areas together exceed the positive, the
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Fig. 18
no necessity for the atmospheric line except to show a direction
parallel to which the length of the diagram should be measured.
Returning now to the calculation of power by means of the
formula on page 739, and re-writing the formula in other symbols,
the indicated horse-power.
I.H.P.

M.e.p X A XL X R.p.m.
33,000

This is the rate at which work is done by steam in one end of a
cylinder. If, as is usually the case, the engine is double-acting,
the powers for head and crank-ends are computed independently
and then added. The indicated horse-power is usually from 6
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to 10 per cent greater than the brake horse-power or work available at the shaft, for part of the work done by steam is wasted
in friction of the engine.
The diagrams of Fig. 18 are from the low-pressure cylinder
of a compound condensing engine running at 242 revolutions per
minute. The piston diameter is 19 inches and the stroke 15
inches. A piston-rod 21 inches in diameter passes through the
crank-end cylinder cover. Areas were found by means of a
planimeter. The indicated horse-power is computed as follows:

sum of the two values found for head and crank cards, and for A.
the average piston area, as follows:
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Head-End.
Area of diagram,
Length of "
Scale,

Crank End.
-

2.95 sq. in.
3.80 in.
20 lbs. per in.

2.95
e. p.. 3.80 X 20=15.5 lbs. per sq.
in.

Piston area=A=192 X.785. 283
15
Stroke=- =1.25
12

Rev. per min.=R.p.m.=242.
LMP.=

M.e.p.XAXLXR.p.m._
33,000

15.5 X283. X1.25{ 242
33,000

Area of diagram,
3.21 sq. in.
Length of "
3.80 in.
Seale,
20 lbs. per in.
3.21
X20=16.9 lbs. per sq.
3.80
in.
Piston area=A=-(19 2-2.622)X.785
=277 sq. in.
Stroke=L=1.25 ft.
Rev. per min.=R.p.m.=242
M.e.p.XAXLXR.p.m.
I.H.P.—
33,000
—

16.9X277.X1.25X242

_ 40.2.

33,000

=429.

Total indicated horse power of low-pressure cylinder=
40.2 +42.9=83.1.
The power of the high-pressure cylinder would be calculated from
its cards in the same manner, and the two added to give the total
indicated power of the engine.
The effective piston area at the crank-end is less than at the
head-end on account of the piston rod, and since one other factor
of the 1.11.P., namely, the M.e.p., is usually different for each
end, separate computations for I.H.P. are repaired for strict accuracy. A practically correct value of the total power can, however, be obtained by a single computation, taking for M.e.p the
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283+77
X 1.25 X242
2
—83.2
33,000

(15.5+16.9)X
Total

This method facilitates computation by logarithms or by the sliderule, and is usually good enough, but it is not mathematically
correct, and may lead to serious error if the mean effective pressures differ greatly and the piston rod is relatively large.
Computations of power, or in fact any calculations based on
indicator data, should very seldom be carried out to more than
three significant figures. The planimeter will not measure a
diagram closer than 1 part in say 200, and the indicator itself,
even in the hands of an expert and used under the very best conditions, will seldom draw its line within one per cent of the correct height. Under less favorable conditions the error may be
much greater. Therefore the custom of reporting horse power
or results depending on it to 4, 5, or even 6 places is a waste of
time, and its apparent precision is likely to mislead.
The formula usually given for calculating power is
I.H.P.— P XIXAXN
33,000
where P is the mean effective pressure per square inch, L the
stroke in feet, A the area of the piston in square inches, and N
the revolutions per minute. The numerator is easily remembered, since its factors spell the word plan.; but the logical order
is P XA XL X N, for a pressure per square inch times the area
on which it acts gives the total force exerted, and this multiplied
by the distance in feet,L, through which it acts, gives the work
done on one side of the piston per revolution. Multiplication by
the number of revolutions per minute and division by 33,000 then
completes the calculation.
Two factors in the expression for LH.P., viz.: M.e.p. and
R.p.m., vary according to the conditions of operation. The other
three, area of piston, length of stroke, and the value 33,000, are
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always constant, unless, of course, the cylinder is re-bored to
larger diameter. For any given engine, therefore, it is convenient to find the value

end of the C scale coincides with 2 on the D scale, then opposite
3 on the C scale will be found the required product 6 on the D
scale. The method depends only on the simple fact that the
logarithm of a product is equal to the sum of the logarithms of its
factors. Conversely, to divide 7 by 3, set 3 on the C scale opposite 7 on the D scale, and the left end of the slide will then be
opposite the quotient 2.33+ on the D scale. The calculation of
M.e.p. for the head-end card of Fig. 18 is performed with one
setting of the slide, as follows: Opposite 295, or 2.95 of the D
scale, set 380, or 3.80 of the C scale. This divides 295 by 380,
and the fact that the left end of the slide is then off to the left
of the rule shows that the quotient is less than 1. But to know
this quotient is unnecessary ; what is wanted is 20 times its
value, so look along the slide till the mark 2 is found, and the result desired, 15.5, will be opposite it on the D scale. In using
the rule no attention need be paid to the decimal point, for the
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A XL
33,000

and use this engine constant or horse power constant in computing power. This constant is the indicated horse power developed
per pound mean effective pressure per revolution per minute.
For example, the head-end of a 10x14 inch engine has a horsepower constant of
(102 X.785)
00278.
33,000 ^ I's —

The horse-power developed by an M.;:ii-Tof 40.2 pounds at 196
R.p.m. would be .00278X40.2 X196=21.9.
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The Slide Rule. Numerical problems involving multiplication
and division only, such as the determination of mean effective
pressures and the calculation of power, are very quickly solved
on the slide rule shown in Fig. 19. This consists of the rule A D,
usually about 10 inches long, the slide B C, and the runner, which
carries a glass plate on which a fine index line is engraved.
There are two sets of scales: A is exactly like B, and C like D.
Calculations may be performed on either set, but greater accuracy is possible on the lower scales. The rule is divided proportionally to the logarithms of numbers; that is, on the D scale if
the total length is 10 inches, and this distance is called equal to
the log. of 10 or 1, then the distance from 1 to 2 is made equal to
10 X log. 2, or 3.010 inches, and the distance from 1 to 3 is 10X
log. 3. To multiply 2 by 3 move the slide to the right till the left

_
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Fig. 20.
logarithms of numbers, having the same sequence of figures differ
only by whole numbers, so that the sequence obtained as a result
will not vary, and though such a computation does not indicate
whether the M.e.p. is 1.55 or 15.5 or 155, the proper value is
evident from inspection of the card. Ability to make rapid computations without using paper and pencil is often of great value to
an engineer. The calculation just given, if performed by arithmetic, will require perhaps 40 seconds; by the slide rule it takes
scarcely 8, and necessitates less mental effort. Complete solution of the fraction for I.H.P. for either card of Fig. 18 ought
not take more than half a minute with the slide rule.
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Fig. 20 represents a form of indicator diagram from a locomotive in which the steam is distributed by a link motion so as
to produce the best practical action in the cylinders. The various
events which take place in one end of the cylinder throughout one
revolution are shown by the points A, B, C, D, F, G and H. An
actual diagram taken from a locomotive, however, would not have
the exact form as shown in Fig. 20, but the corners would be considerably more rounded and the different lines more wavy.

is used to prevent serious fluctuation in speed; nevertheless, a
very slight retardation occurs, and the governor, usually of the
pendulum type, descends a minute fraction of an inch, draws
back the knock-off cams, and so delays the cut-off. The next card
is consequently like c a, the next like d a, and so on till finally
the work done by steam per revolution is once more adjusted to that
required to keep the shaft turning at approximately the same
speed. Successive cards differ principally in the position of
cut-off and in the expansion line. The exhaust line will perhaps
become a trifle higher, though very little, and if the engine continues to run at full load the compression line too will be altered,
due to change in cylinder temperature, but, roughly, the expansion line alone will change.
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When the load against which an engine operates is steady
and steam pressure at the throttle as well as the exhaust pressure
does not vary, the cycle of changes for one revolution is just the
same as for the next, and the indicator pencil will trace the same
line over and over again as long as it is held against the paper.
This is the case with marine engines, pumping engines, or engines

Fig. 21
driving ventilating fans. If, however, the load varies from
stroke to stroke, the indicator will not repeat the same line, and
the change in size and shape of successive diagrams will depend
on how fast the load varies and how the governing mechanism
alters the steam distribution to meet changes in load.
Consider three simple engines, all receiving steam at equal
pressure and exhausting against equal back pressures. The first
has a drop cut-off valve gear; the second, a piston valve operated
by a shifting eccentric carried on a shaft governor; the third,
a throttle governor and a slide-valve operated by a fixed eccentric.
What will be the change in consecutive indicator diagrams from
each when in say a few seconds the load increases gradually from
half to full power ?
The half load card from the first is like b a, Fig. 21. Increase in load slows the engine down a trifle. A heavy fly-wheel

Fig. 22
In the second engine, retardation due to increase in load may
be less than in the first, for shaft governors are designed to shift
very quickly with the slightest change in speed. When the governor moves it decreases the angular advance of the eccentric, and
may or may not increase the valve travel. Usually it delays not
only the cut-off but all other events of the stroke. Successive
cards will then be like a d, b e and c f, Fig. 22, the changes in
cut-off, release, and compression being very noticeable, even
though high speed and the nature of the valve-gear combine to
prevent decided changes in slope at the time of these various stroke
events. The change in admission is not so apparent, for when
that event takes place the card is close to its dead point and almost
stationary.
For the third engine stroke events always occur at the same
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positions, because the valve motion is invariable. While the engine runs at half-load, however, to regulate the work done in the
cylinder per revolution to that necessary for maintaining constant speed, the governor throttles the steam, and by providing
only a small opening for it to pass through on its way to the slidevalve, reduces its pressure by wire-drawing. The half-load card
is like a b, Fig. 23. Slight retardation due to increased load
changes the governor position, enlarging the passage through the
throttle-valve, so that the next card is like a c, etc.
A difference in these three methods of governing is shown
clearly by the indicator cards. The first meets an increased load
by allowing steam at full pressure to push the piston through a
longer distance before being cut off. The second does likewise,

an ingot enters the rolls, or when a number of electric cars happen
to be started simultaneously. Locomotives, too, running on a
track with numerous short, steep grades, or with many switches
and crossings, necessitating frequent change in speed, are required
to work at widely differing rates, according to the positions in
which the engineer momentarily sets the link or the throttle.
Measurement of the power of such engines by means of the indicator demands great skill and the very best judgment. A single
diagram, representing, as it were, a snap-shot of the power developed in one particular revolution, may represent full load or no
load or any intermediate condition, but is not likely to show the
average load. A number of diagrams taken at equal intervals
will probably average nearer the true mean value, but if the fluctuations are great a large number of cards may be necessary to get
anything like accuracy. A good way to obtain the power of such
engines is to decide on a definite time interval for taking cards,
making it as short as possible, and at each time to keep the pencil
in contact with the paper for three or four revolutions, depending
on circumstances, or until as many diagrams are drawn as can
be distinguished without confusion, then to planimeter each diagram and find the average for each series. In this manner
an attempt is made to catch the momentary changes in load as well
as those occurring slowly.
Engines driving factories, shops, or textile mills are not
often subjected to sudden changes in load, because their power is
distributed among a large number of relatively small machines,
and it is quite unlikely that many of them will be started or
stopped at the same instant during working hours.
Variation in consecutive diagrams is sometimes due, not to
real variation in load, but to instability, or racing, of the governor. With springs and weights improperly adjusted, a governor will sometimes race, or hunt, back and forth from one extremity to the other, often accompanied by serious fluctuations
in speed. The diagrams of Fig. 2• show the variation in work
done per revolution by an engine with riding cut-off valve and
throttle governor. The variation was due simply to racing, for
the load was known to be uniform. These diagrams show also
a faulty setting of the main eccentric, giving no compression and
too late release. The speed was low, otherwise the lateness of
admission would have been apparent. Late release does no harm
48

Fig. 23
but also modifies the rest of the steam distribution. The third
does not change the time of stroke events, does not alter the distribution, but increases the pressure of steam supplied.
Consecutive diagrams from a small automatic shaft-governed engine, used, let us say, for driving an elevator, may show all
gradations from a very narrow diagram in which the back-pressure and expansion lines almost coincide to a full area corresponding to heavy load, if the indicator pencil is pressed against
the paper while the elevator is being started. Sometimes eighteen
or twenty such diagrams are perfectly distinguishable, but for loads
rapidly increasing and then decreasing the lines soon overlap and
become unintelligible.
Certain classes of engines, such as those driving rollingmills or street-railway generators, are subjected to violent fluctuations in load, occurring almost instantaneously when, for instance,
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for the degree of expansion shown, but absence of compression
probably causes the engine to use from 5 to 10 per cent more steam
than necessary.
The ideal instrument for measuring indicated power under
rapidly varying load is some form of continuous indicator. Several devices of this sort have been patented ; some are on the
market, but all are too complicated for practical use under ordinary conditions. Most of them produce diagrams like the ordinary
indicator, but take them on a roll of paper, which is advanced each
revolution, so that consecutive diagrams are separated far enough
to be distinguishable. An attachment of this sort applicable to

However, some engineers prefer to take all the diagrams exactly
at the same instant, so that one card may be compared with another for studying changes in pressure as well as power developed. For this purpose electro-magnetic attachments are sold
which can be clamped to any indicator and serve to bring the
pencil into contact with the paper. The engineer goes to each
instrument, putting on fresh cards and opening the indicator
cocks. Then he presses the pencil motion of one indicator against
its drum.. This closes a circuit operating all the others. Such
attachments are particularly valuable for indicating engines with
several cylinders at considerable distances apart, and strokes so
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Fig. 25
Fig. 24
the Crosby indicator in place of the ordinary drum is made in
Germany, and is said to be used for locomotive testing.
In measuring indicated horse power what is desired is not
an instantaneous observation of what the engine happens to be
doing at one particular instant, but an average value of what it
does during a protracted interval. In taking cards from a compound or triple-expansion engine, therefore, there is no necessity
for taking all the diagrams exactly simultaneously. Just as reliable data can be obtained by taking cards from the different
indicators always in the same order and at equal intervals. Thus
a single observer can easily take all the cards from a three-cylinder
engine once every ten minutes by taking a card from each indicator say one minute later than from the preceding one. Except
where changes in load are very sudden this method is satisfactory.

long that it may be advisable to use two indicators on each

cylinder.
The indicator is often used to measure power supplied
to a single machine, such as a geared pump, a belt-driven air-compressor, a loom or a printing-press. Cards are taken from the
engine when the machine is running, and again when not running, care being taken to keep the loads on other machinery exactly
the same during both measurements. The difference in the indicated horse-power is usually taken for the power delivered to the
machine in question, assuming that friction of engine and shafting is the same at both times. This is never quite true, and may
involve an appreciable error unless the engine under As lightened load is held down to its former speed. The accuracy obtainable is greatest when the machine requires a large fraction of all
the engine output.
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Attaching the Indicator. The indicator is attached to an
engine by either a straight or a three-way cock, shown in Figs.
25 and 26. These are special valves with accurately ground
taper plugs. A small hole through one side of the plug and
another through one side of the body, Fig. 27 (a), serve to let
air penetrate from the engine room to the lower side of the indicator piston when an atmospheric line is to be drawn. Fig. 27 (a)
shows the proper position when shut. If the plug were turned
180°, like 27 (b), steam under pressure would blow up through
a and out at b; or air would be sucked in at b, and down through
a into the engine cylinder if there were a vacuum within. In
the latter case the leak might go undetected and the vacuum bo
thereby impaired. To prevent it some indicator cocks have stops
which limit the motion to 90° and facilitate the action of opening
to just the right position. But it is often desirable to turn the

may possibly be detected if the indicator is first placed upright
and then laid over horizontally ; but with a stiff spring, 40 pounds
or more, if a vertical position is impracticable, or very inconvenient for any reason, no hesitation should be felt in setting tho
indicator horizontally, and no error need be anticipated.
Large engines are usually provided with tapped holes for
indicator connections when built ; engines with cylinders less
than 12 inches diameter seldom are. For temporary work in testing small engines the cylinder drips may be utilized. A tee may
be inserted in each drip pipe with a valve just below, and the indi•
cator piped from the branch of the tee. Thus the drips may still
be kept in service and shut off only when cards are taken. But
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Fig. 26
cock, as in Fig. 27 (b), to blow out water from the pipe and not
let it enter the indicator, and for this reason many engineers
file off the plug stops. The handle of a three-way cock should
stand exactly in mid-position when an atmospheric line is drawn.
All indicator cocks of American manufacture have standard
half-inch pipe threads for connection with the engine, but they
have special machine threads and internal tapers to fit the different
makes of indicators. This is worth remembering, for it necessitates the use of an adapting union (sometimes not easily obtainable) whenever an indicator of one make is to be used on an engine
fitted with cocks of another.
If possible, the indicator should be placed in a vertical position, so that weight and friction of moving parts will always
exert the same effect upon the spring. It is tested in this position.
With a weak spring, say less than 20 pounds, a slight difference
in the atmospheric line and an appreciable error due to friction

27(a)

27 (b)

such an arrangement is advisable only as a makeshift, because
drip pipes are seldom over inch and not large enough to properly
conduct a fluctuating steam pressure to the indicator except at low
speed.
The best place to tap an engine for indicators depends on the
design of the cylinder and the direction in which the cord must
lead to the crosshead reducing motion. Sometimes the pipes enter
the cylinder heads, but this position is usually inconvenient.
Horizontal cylinders may have holes either on top or at the side.
At the top an indicator cock may be screwed directly into the cylinder, with the double advantage of a straight, short passage for
steam and no chance for water to collect. If at the side, a close
nipple and a long-sweep elbow should be used, so that the indicator
•
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may stand vertically, or a special form of elbow cock may be
obtained. The side position generally affords a better chance for
leading the cord to the crosshead, and for large cylinders it is
preferable because of accessibility. In either position a threeway cock and a single indicator may be used instead of two straight
cocks and two indicators. Piping for three-way cocks is usually
f inch, except for large cylinders, where, on account of the excessive length required, it is made I inch to prevent loss of pressure
due to friction and condensation.
The influence of long piping on the indicator diagram deserves
attention. Every time an engine admits steam, changing its pressure from, say, 4 to 100 pounds, enough steam must enter the
indicator pipe to raise the pressure therein. The enlargement
of volume due to rise of the indicator piston is exceedingly small,
usually not more than Ile cubic inch, and, of course, there is no
increase in the pipe volume, but a larger quantity of steam is
required to fill a given space at high than at low pressure, so that
there must be an actual flow through the pipe before the indicator
can record the change. There can be no flow without difference
in pressure, nor very rapid flow without considerable difference,
especially if there are elbows in the piping. The velocity with
which steam moves through a small pipe with slight drop in pressure, though rapid in the ordinary sense, is by no means instantaneous, so that changes in pressure shown by an indicator surely
must lag behind the changes occurring in the engine. This tends
to raise the steam and expansion lines and lower the compression
line. But, except at high speed, if the pipe is smooth inside and
not over 3 feet long the error so caused is probably less than certain
others to be mentioned later. Long pipes ineffectually drained of
the steam condensing and collecting in them may cause very great
difficulty in using the indicator. Accumulated water is blown to
and fro by change in pressure, and a violent water-hammer results,
striking the indicator piston so suddenly that the pencil vibrates
up and down sometimes an inch or more, and renders the diagram
worthless as a record of pressure changes. A ease may be cited
where water-hammer in an indicator broke the cylinder and
destroyed the pencil mechanism; another where on a vertical
engine, after the cock had been shut to protect the instrument
from injury, a sudden, more violent hammering split the pipe

for a length of six inches. In the first case the engine was
started quickly after a long standstill without first blowing out
the drips, so there probably was considerable water in the cylinder. In the second, the boilers supplying steam were priming
very badly, and water was pocketed in the vertical pipe leading down from the top of the cylinder to the indicator. In
both there really was severe water-hammering in the engine, evidenced by lifting of the relief valves, but there was no such shock
as would have been apparently recorded by the indicator in either
case, for such a pressure would certainly have wrecked the engine.
Vertical engines likely to receive sudden doses of water should
have valves on the indicator pipes as close to the cylinder as
possible to protect against water-hammer.
The length usually chosen for indicator diagrams is between
3i and 41 inches. From 2 to 3 inches would be just as good in
every case and very much better for cards at high speed. The
height seldom exceeds 2 inches, and there is no good reason for
having the length much greater ; the average height or mean
effective pressure cannot be obtained with greater precision by
merely lengthening the diagram, and changes in shape at cut-off,
release, and compression are rendered less distinct by elongation.
Elasticity of the indicator cord, and excessive torsion in the drum
spring combine with inertia to produce a slightly longer diagram
at high speed than at low. The percentage elongation is less for
short diagrams. If the elongation were uniform throughout the
stroke it would introduce no error in the measurment of horsepower, for the area of a card would be increased in the same ratio
as its length, and the mean effective pressure would therefore
remain unaltered; but unfortunately it is greatest at the ends,
and moreover it is not the same at both ends. Ordinarily, no allowance is made for this error in computing mean effective pressure—
an additional reason for not giving more than three significant
figures in reporting indicated horse-power.
Various devices are used for reReducing Mechanisms.
clueing the stroke. The one shown in Fig. 28 in connection with
an indicator is the Crosby reducing wheel. It is clamped to the
indicator cock by a union 4., and the indicator is clamped to it
back of the spring barrel 14. The cord 24 is hooked to the crosshead. The indicator cord is wound on any one of a nest of
aluminum drums 20, whose diameters are chosen to accommodate
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.1

all lengths of piston travel from 18 to 72 inches. Reduction is
effected by bevel gears and by the difference in size of the aluminum drum and the indicator drum. A helical spring in .14. can
he tightened by the nut .16 and serves to re-coil the cord 24. on
return of the crosshead. In this it is assisted by the spring in the

high speed of 250 r.p.m. At speeds up to 150 it was substantially
correct. Variation in length due to lack of uniformity or elasticity of the cords. may be guarded against by using specially
prepared braided line of firm and even texture. The reducing
wheel is reliable, and so easily applied for testing horizontal,
stationary engines that it may be considered almost a necessary
part of an indicator outfit. It is, however, not generally appli-

Fig. 30
Fig. 28
indicator drum. Reducing wheels are criticised by some engineers
on the ground that backlash of the gears, inertia of the wheels,
and variation in diameter of the cord coiling about a very small
diameter must certainly introduce errors in the diagram. But
the backlash is really negligible, for the gears are accurately cut
and the spring presses them always in the same direction. Inertia
is minimized by using aluminum wheels. Tests on an engine
having 18-inch stroke showed that the diagram was elongated only
about 1.5 per cent over its proper length even at the relatively

cable to vertical engines, for often the crossheads cannot be reached
from near the indicator.
The pantograph, Fig. 29, is an accurate reducing mechanism.
Point a turns on a fixed pivot fastened to the floor, the engine
frame, or any rigid support. The bole b is slipped over a pin
carried on the crosshead, and travels back and forth in a straight
line. The indicator cord is hooked to the stud c, which travels in
a straight path parallel to that of b. The pantograph can be
adapted to engines of different strokes by shifting the links c f
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and c d, always keeping c in line with a and b. The proportions
for constructing and setting up are:

the diagram would be most affected and horizontal lines not at all.
Cards from engines having late cut-off by slide valves would suffer
comparatively little change in area on account of the gradual
slope—a fortunate circumstance, because marine engines, which
are of this class, often are fitted with very inaccurate reducing
rigs. A Brumbo pulley arranged like Fig. 30 cannot be made
exact for all parts of its stroke, and should not be used for close
work unless its errors are approximately known, so that an estimate
can be formed of their effect on the indicated horse-power. It can
be tested by setting the engine at several definite points of tho
stroke and marking the corresponding positions of the indicator
drum, or it can be drawn to scale in several positions and the
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Desired length of diagram e f
—
a e
Crosshead travel
eb
ed=fc; ej=ic; dc=ef; dg=eh,etc.

a d

The Brumbo pulley, Figs. 3 and 30, is easily made and quite
satisfactory as a reducing rig. It has a wooden arc fastened to the
swinging arm b a with its center usually coincident with pivot a,
though slightly better results may be obtained by placing the arc
a little lower. For good results the arm b a should be at least
one and one-half times the stroke and b c should be not less than
b a. The pivot should be so located that b swings equal distances above and below the path of c.
The length of card will be to the crosshead stroke as da is to
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Fig. 31
The exact ratio of this reduction is not at all important, but
a constant ratio should be maintained throughout the stroke. In
other words, when the piston has reached I stroke the indicator
drum should have turned through just i the distance it turns in
a full stroke. Suppose the continuous line of Fig. 31 shows a
card drawn by an indicator with faulty reducing rig, and investigation proves that when the pencil was at a at 21 per cent stroke
the crosshead was at 25 per cent stroke, etc. The card is then
not a true record of pressure-volume changes in the engine, but
should be modified by moving point a, etc., toward the right, as
shown by the dotted line. This will change the area and conse.
quently the indicated horse-power. Sloping lines near the ends of
ba.

Fig. 32
errors determined by spacing along the cord arc. Except at light
loads, if the position error is in no place greater than 1 per cent,
the rig is probably good enough.
For engines of the enclosed type, which have the crosshead
and connecting-rod completely surrounded in a sheet or cast iron
casing to prevent spattering oil, the reducing mechanisms described
above are not applicable. In such cases the indicator may be
operated by an eccentric placed on the engine shaft and set parallel
to the crank, so that the indicator drum and the piston will move
in unison. The eccentric should have about 14-inch throw, so
that it will give a 3-inch card. For correct reduction the following proportions must be adhered to:

704

THE STEA 11 ENGINE INDICATOR.

THE STEAM ENGINE ,INDICATOR.

Length of eccentric-rod Length of connecting-rod
Length of crank
Throw of eccentric

and the difficulty of properly guiding it between the shaft and
the indicator. The stretching and whipping of a long cord at
high speed may introduce serious errors in the diagram.
The cord running from a pantograph or a reducing wheel
to an indicator must at first lead exactly parallel to the piston-rod.
It may afterwards turn over a guide pulley and lead to the indicator in any direction. The cord from a Brumbo pulley must
leave in the plane of the pulley, but may lead in any direction,
up or down. Hooking the indicator cord to the pantograph or
other reducing mechanism of a high-speed engine requires a knack
which some persons acquire only after considerable practice. If
a short, looped cord be tied permanently to the pantograph stud,
or to the Brumbo pulley, it is always easy to catch it at any speed,
and then to hold the loop stationary in such a position that the
indicator cord may be hooked into it. The trick of hooking a
reducing wheel, like Fig. 28, to a crosshead moving back and
forth through several feet at much greater linear speed is more
difficult, but easily accomplished when once learned. To avoid
the necessity of unhooking an indicator every time a fresh card
is to be put on, appliances called defeats or drum stop motions
are used. For an indicator connected to a pantograph or Brumbo
pulley a simple ratchet and pawl at the base of the drum is sufficient. The drum is turned when the cord is pulled and is held
in its extreme position by the pawl, the cord remaining slack until
the pawl is snapped out. With a reducing wheel a more elaborate
disengaging device is necessary. It is placed between the wheel
and the drum and is designed to stop the drum without letting
either cord become slack. A slack cord on a reducing wheel is very
likely to entangle the whole mechanism.
Care should be used in knotting and adjusting the length
of an indicator cord, so that the drum will turn midway between
its stops. This places the diagram in the middle of the card, and
also insures that a slight stretching or displacement of the cord
will not cause the drum to strike either stop and shorten the
diagram.
Springs. Three of the principal forms of indicator springs
are shown in Fig. 34. The change in length of a helix subjected to
a given force depends on its length, the size and elasticity of its
wire, the diameter of its coils, and the number of coils per inch.
These factors are chosen to suit the scale a spring must have and

If the shaft is of large diameter, or if only the ends are
accessible, so that an eccentric would be impracticable, a pin may
be set in one end of the shaft in line with the crank, and the rig
made as suggested in Fig. 32, the straight line guide being supported rigidly in any convenient manner. A cord hooked to the
pin shown on this miniature crosshead may be led to the indicator. An approximately correct rig, dispensing with the rod a b
and the straight line guide, is shown in Fig. 33. The indicator

Fig. 33
cord is tied to a wire ring fitting loosely in a groove around the pin
a, and leads between two stationary guide pulleys at b. From
there it runs to the indicator around as many other guides as
necessary. Sometimes a steel tape or very flexible wire is used in
place of the cord, in which case precautions must be taken to
prevent it from ever becoming slack. As the shaft turns, the
connecting-rod of this rig varies in length, so that the reduction
of motion is not the same for all parts of the stroke. Its error
is, however, easily studied on the drawing board, and can usually
be made small by properly locating the guide pulleys at b. Rigs
of this description are often used for Westinghouse engines.
Their worst fault lies in the extremely long cord or tape required

A
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the pencil motion with which it is to be used, and then a final
adjustment of the spring is made either by grinding the wire
and so changing its diameter or by screwing the coils into the end
pieces more or less, thereby changing the length. Springs like
(a) and (b) are alike at both ends and necessarily heavier
than (c) ; besides their centers of gravity are farther down than
that of (c), so that the effect of vibration due to sudden changes
in pressure is more pronounced. On the other band, (c) changes
its helical shape in a straight branch connecting the two coils
at the bottom. At the middle of this wire the axial force is
applied, and the total elongation or contraction which would be

or a mercury column Saturated steam at a given pressure always
has the same temperature, so the conditions imitate, in roughly
approximate fashion, those which exist in use on the engine. A
test card is given in Fig. 35. It shows at the left the pencil
heights corresponding to the true pressures (in figures) while the
pressure was increasing, and at the right the heights corresponding
to exactly the same pressures when decreasing. A perceptible
departure from the correct scale at higher pressure and a decided
lag on the downward scale, due to weakening of the spring by
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produced in the helices alone is slightly modified by flexure of
the straight branch.
The effect of temperature in altering the scale of a spring is
important, and constitutes one of the greatest sources of error.
Indicators of the inside spring type, shown in Fig. 2, have the
spring out of contact with steam, except that which leaks by the
piston, but this leakage, together with the conduction through the
metal, keeps it very hot. Its temperature probably fluctuates a little, never becoming as high as that of steam at the throttle, and not
often as low as the exhaust. The same temperatures ought to be
reproduced in testing a spring, but this is practically impossible,
so the test is usually made by subjecting the spring (in its
indicator) to a quiescent, gradually increasing steam pressure,
and comparing the pressures shown with the readings of a gage
-

Id

40

16. sprIng.
Fig. 35

heating, will be noticed. The mean of the two scales may be taken
as the indicated pressure, and diagrams may be corrected for the
departure from true pressure in case the spring is much in error;
however, this involves so much labor that it is seldom done. It
is better to use a new spring known to be approximately correct.
Errors due to temperature may become serious in indicators
used for superheated steam or for gas or oil engines. Here the
temperature bears no definite relation to the pressure and may
become so high as to alter the scale considerably. The maximum
temperature of springs in gas engine indicators is not known, but
it is so high that cylinder oil is often burned hard onto the nickel
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plating. At such a heat the scale is probably quite different from
that when cold, yet no facilities are available for testing under
actual conditions of use.
To remove the spring from the influence of heat, indicators
with outside springs have recently been invented. Fig. 36 shows
one made by the Crosby Steam Gage Co. The spring is on
top, where it is always cool and easily accessible for changing

indicator shown in Figs. 1 and 2. The newer gas engine indicators have outside springs like Fig. 36, and are much superior.
For recording extremely high pressures developed in some
air compressors and pumps and for studying the pressures generated by explosions, indicators are made with pistons having an
area of only .025 spuare inch, as the diameters can easily be
ground to within .0001 inch, the records of such indicators are
nevertheless reliable.
A typical card from a gas engine working on the four stroke
or Otto cycle is shown in Fig. 37. The filling stroke, during
which gas and air are drawn into the engine, is shown by a b c
and indicates a pressure dropping below the atmosphere; if the
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Fig. 37
pressure were not less than atmospheric no air could enter the
cylinder. c e is the compression stroke, during which the pressure
rises to about 60 pounds. At e, apparently just before the dead
point, explosion occurs, caused by an electric spark in the cylinder. The spark really occurs a little before point e, but explosion
is not quite instantaneous, and moreover the indicator is a little
slow in responding to the change. The explosion line e f is not
vertical if the engine is operating properly, but slopes to the right
a very little, and the maximum pressure f is reached after the
crank has passed its dead point. The expansion line should be a
smooth curve like f g, but with certain mixtures of gas and air
the explosion is so violent that the indicator is thrown into rapid
vibration, producing a card like Fig. 38. Often this cannot be

Fig. 36
in ease a different scale is wanted. The somewhat heavier moving
parts than those of Fig. 2 make a larger piston advisable. Its
area is 1 spuare inch, and it is ground spherically to prevent
cramping. Test cards corresponding to Fig. 35, taken with this
indicator, show exactly the same scale ascending and descending.
For indicating gas engines smaller pistons are used, the old
style instrument being otherwise like the standard steam engine
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prevented. At g, Fig. 37, the exhaust valve opens and burnt
gases are pushed out during the stroke g d a. The area of the
upper loop e f g d represents work done by the gas on the piston, the
lower, d a b c, by the piston on the gas. In finding the mean
effective pressure one should be subtracted from the other to get
the net area. This can be done easiest by starting the planimeter,
say at f, and tracing thus:fgdabcdef. The positive area is
therefore traced clockwise and the negative counter-clockwise, the
planimeter giving the difference from which the M.e.p. may be
found. Without a planimeter the method explained for Figs.
15 and 16 may be used.
Gas engines operating on the " hit-or-miss " principle

ing the engine a full charge of air is admitted along a b c and
compressed along c d e h. The spark occurring at e produces
no explosion, because no gas is present ; therefore, compression
continues to h, and then the air re-expands, tracing a line slightly
lower than h d c, but almost coinciding with it. Then the exhaust
valve opens and the air is expelled, tracing a line (not shown) which
starts at c, rises a little above atmospheric pressure, and finally
ends at a. The area included between this line and a b c represents work done by the piston each time an explosion is missed,
to pump air into and out of the engine. It must be allowed for
in calculating the indicated power if accuracy is desired. The
height of the negative loop a b c d a is usually small compared with the rest of the diagram, and often its lines coincide so
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a
Fig. 39
Fig. 38
(which class includes most stationary engines less than 100 H. P.)
develop their maximum power when firing every second revolution. Under such conditions the indicated horse-power is
R.p.m.
M.e.p. X Piston area X Stroke in ft. X
2
33,000
These engines are all single-acting.
At light load the action is different, the number of explosions
necessary to maintain uniform speed being less than half the
number of revolutions. The sequence of events in succeeding
revolutions at full load is: fire, miss, fire, miss, etc. At light load
it may be: fire, miss, miss, miss, fire, miss, miss, miss, etc., or any
other combination. When the governor prevents gas from enter-

nearly with the atmospheric line that an indicator in perfect order
with a sharp tracing point is required to separate them. It is
best in such a case not to draw the atmospheric line in the usual
manner, but to shut the indicator cock and then draw a short line
at the left of a and another at the right of c, and later to connect
the two with a pen or a sharp lead pencil.
To magnify the lower part of gas engine diagrams for the
purpose of studying the action of valves and ports more closely,
a weak spring may be used with a stop placed above the indicator
piston to limit its upward motion, so that the high pressure of
compression and explosion may not destroy the spring. The stop
usually consists of a short tube slipped loosely over the piston-rod
below the cylinder cap. The card then drawn is like Fig. 39,
in which the letters correspond to Fig. 37. Compression raises
the pressure until the stop strikes the cap, after which the piston can
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rise no higher and the pencil traces a horizontal line. At e
the explosion takes place, but the pencil finishes the stroke and
begins the expansion f g at a constant height. Only after the
pressure has decreased again to less than that corresponding to
the stop line can the pencil descend. In this diagram the character

compressed along b c, and forced out of the cylinder along c d.
The line d a represents expansion of what little ammonia is left
in the clearance space as the piston starts on its next filling stroke.
The clearance on all compressors is very small.
Fig. 42 is from an air compressor with piston 14 inches
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Fig. 40
of the negative loop is clearly indicated. Ordinarily, the negative
work of missed explosions is neglected in calculating indicated
horse power of gas engines. The error thus introduced should
always be carefully considered, as it may be a serious one.

Fig. 42

-

diameter and 16 inches stroke. The speed was 100 r.p.m., and
the discharge pressure 78 pounds per square inch. Air was drawn
from the room along a b, compressed along b c, and forced into
a receiver at approximately constant pressure along c d. The
inlet and outlet valves of most compressors are actuated by differ-

Fig. 41

A stop motion can often be used to advantage in studying the
lower parts of steam engine diagrams.
A card from a gas engine with ignition too late for good
economy is shown in Fig. 40.
Fig. 41 shows a card from an ammonia compressor. Like
all compressor cards and pump cards, it represents work done by
the piston on the fluid. Ammonia vapor is drawn in along a b,

Fig. 43
ence in pressure. Notice that the inlet valve did not open till after
the pressure in the cylinder had dropped below atmosphere, to a.
This slight difference was necessary to lift the valve. The same
occured before delivery, the pressure rising several pounds higher
than in the receiver before the outlet valve opened. The sudden

774

THE STEAM ENGINE INDICATOR

THE STEAM ENGINE INDICATOR.

equalization following set the indicator pencil vibrating. The
indicated horse-power corresponding to this card was:

indicators were used and separate diagrams taken from the left
side, right side, and air chamber, cords being pulled uniformly
by a special mechanism. The diagrams were then superposed, as
lettered, and serve to give valuable information concerning the
action of this peculiar form of steam pump.
Taking Cards. Before using an indicator with which one
is not familiar it is well to study the sectional cuts given in the
manufacturer's catalog and to follow explicitly the directions
given for adjusting and handling. Take the instrument all apart
and note particularly: how the spring is attached to the piston;
how the piston is fastened to its rod; what must be done to raise
or lower the atmospheric line. Note also where left-hand threads
are used. The three best known makes of indicators differ in
detail, so that instructions for one would not apply to the others,
but a few general directions may be of service.
Remember, in the first place, that the instrument is delicate
—" built like a watch "—and should be handled accordingly. Its
light pencil pantograph is made of spring steel and will seldom
break, but may easily become bent and thus spoil the accuracy
with which pressure is recorded. Test it frequently to see that it
draws a stright vertical line when the drum is stationary. A
micrometer depth gage inserted in the bottom of the cylinder
against the piston may be used to test the accuracy of multiplication. For this test the spring should be removed. Joints in the
pantograph should have no perceptible backlash and yet be loose
enough so that when disconnected from the piston the linkage
will drop freely by its own weight. The piston should slide
loosely enough in the cylinder so that when wiped clean and dry
and connected to the pencil motion without the spring it will
drop by gravity without sticking in any place. When the bottom
of the cylinder is closed air-tight by pressing one finger against it,
the piston should descend very slowly yet steadily from top to
bottom, air leaking out between it and the cylinder. If the
piston is not free enough to fulfil this requirment it is probably
tight enough to stick when used. Indicator pistons have
shallow grooves or water packing rings to prevent leakage
of steam. When new they leak very little, even at high pressure.
Until badly worn the leakage is not objectionable, for it is
relieved through vents A, Fig. 2, and so does not affect the piston
height. A leaky piston is preferable to one that sticks. Lubricate

I.H.P

29.2x142 x.785X II X100
-18.2.
33,000

This represents the rate at 'which work was done in compressing
air in one end of the cylinder. It may, of course, be written
without a minus sign.
Fig. 43 shows a card from the water cylinder of a directacting steam pump. It is nearly rectangular in shape because
approximately uniform pressure exists throughout the stroke.
The suction stroke carries the indicator below atmospheric pressure. The direction in which the card was drawn is shown by
the arrows. Regardless of how it was drawn it should he planimetered clockwise in finding the M.e.p. Cards are very seldom

Fig.

44-

taken from pump cylinders, because the information they give
is unnecessary and often unreliable. In testing a pump the horse
power output or rate of doing work in actually raising a certain
quantity of water through a certain height is desired, not the
indicated power developed in the pump cylinder. The former is
less than the latter, because of resistance to flow of water through
valves and passages. The card of Fig. 43 was taken at low speed.
At higher speed the very rapid changes in pressure produce severe
water-hammer, which soon ruins an indicator for accurate work.
The indicator may be used to study the action of various
other machines. Fig. 44, for instance, shows a combination of
three diagrams taken simultaneously from a pulsoineter. Three
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the piston and all other parts freely with a light grade cylinder
oil. Ordinary black cylinder oil is too thick. A brand called
Rams Cylinder Oil, made by the Vacuum Oil Co. of Boston,
has been found to answer all requirements. It is not thick enough
to impede the light moving parts, and it protects steel, composition, and nickel surfaces from corrosion. In use it is well to
keep the hollow of the cap 2, Fig. 2, filled with this oil. Keep
a can of oil in the indicator box.
Indicator cylinders are made of composition; pistons, of steel
or composition, the former being preferable whenever it can be
given sufficient care to prevent rusting. Indicators and indicator
cocks for use with ammonia are made wholly of steel and should
be very carefully dried and oiled whenever they are put away
after use.
Do not wipe an indicator with cotton waste. Use a soft cloth
free from dust, cinders, graphite, or fillings, and have plenty of it
ready for handling the instrument when hot and for wiping your
hands clean before touching the cards.
When setting up the instrument for use, ascertain what the
highest and lowest pressures are likely to be, and choose a spring
which will limit the extreme range of up and down pencil motion
to not over 2 inches in any case and not over 1i inches if the speed
is to be more than 250 r.p.m. If the probable pressures arc
unknown it is wise to first use a very stiff spring and thus obtain
definite information. Don't run the risk of compressing a spring
so much that the pencil will rise above the drum and then catch
on it and break or bend the pantograph. Set the height of the
atmospheric line so that the diagram will be drawn in the middle
of the card. Adjust the handle 22, Fig. 2, so that when pressed
against the stop (shown in Fig. 1) the pencil will touch the card
just hard enough to make a very faint line, the fainter the better,
so that friction will not unduly hinder the pencil rising and falling. Keep the brass pencil sharpened to a fine point, rounded
just enough to prevent scratching the paper. Don't try to sharpen
it by hand as you would a lead pencil, but clamp it in the chuck
of a speed lathe, so that the point may keep central and sharpen
it with a dead-smooth file. Better still, keep a supply of new
points on hand.
When possible, use brass pipe and fittings for indicators.
H graphite must be used on the joints apply it sparingly, so that

it cannot get into the pipe. Do not attach an indicator to its
cock until all the piping has been thoroughly blown out to clear it
of scale and grit. With the indicator cock open, hold your hand
over the steam blowing out to tell by the feeling whether any
gritty particles are coming through. With a new engine or new
steam pipes it may be impossible to blow out all the scale. In
such a case trouble from sticking of the indicator will surely
follow unless the instrument is cleaned very frequently. Some
engineers use graphite in the cylinder lubricator. This usually
causes difficulty in indicating. The difference in diameter between
an indicator piston and its cylinder in good condition is so little
that nothing but good oil and condensed steam should be allowed
to get between the two.
In putting on a card be sure to wrap it tightly around
the drum. When taking many cards for a test, mark each
sheet plainly to show when and from what part of the engine it
was taken. Record the make of indicator and scale of spring used
and also the kind of reducing gear. Make a dimensioned sketch
of the rig, unless it is known to be a correct one. If springs are
changed during the test, mark the spring on every card. Whenever the diagram drawn is of peculiar or unfamiliar shape, notice
in what direction the indicator draws it, and record the same by
arrow heads on the diagram; mark also which end of the sheet—
not which diagram—corresponds to the head-end dead-point.
Many of the so-called " freak " diagrams published in technical
papers with the request for explanation are lacking in this important information.
When ready to take a diagram first hook up the indicator
cord. Look back along it to the reducing rig to see that it leads
freely. In case it whips from side to side, steady it and keep it
steady while taking the diagram. Next blow out water, if necessary, through the side hole in the indicator cock. Then open the
cock and let the piston rise and fall a few times to warm up the
cylinder. Then take the diagram, keeping the pencil in contact
for one or for several revolutions, according to the information
desired as explained on page 901. Do not keep the cock open longer
than necessary.
Bear in mind constantly, until this caution is no longer
necessary, that of all the instruments in a steam engineer's outfit
the indicator is probably the most difficult with which to get really
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good results. Besides its inherent defects due to inaccurate springs
and to inertia, it is frail and not fitted to stand rough usage, yet
it must often be used where little protection can be given and
where vibration and water-hammer tend to injure it as well as to
render it inaccurate. Indicated power must often be directly
compared with electrical power computed from the readings of
ammeters and voltmeters, which instruments are susceptible
of precise division and accurate calibration. If, therefore, the
indicator is to be of any value for such comparison it must be
handled with care and skill.

vapor above. The vaporous portion of wet steam is exactly like
dry steam; at the same pressure it has the same temperature and
the same volume per pound; moreover, each pound has received
the same quantity of heat and possesses just the same capacity
for doing work as a pound of dry steam. But the water present
has not received the large quantity of heat required to vaporize
it, so that for work in steam engine it is relatively inert. Its
harmful effect in wasting heat in the engine is very much worse
than its inertness would indicate, as will be explained later.
A quantity of dry steam enclosed in a tight receptacle would
remain dry if no heat were taken from it, and would not change
in temperature or pressure. If, however, heat were abstracted,
some of the vapor would condense and probably collect in a thin
film on the walls of the vessel. Meanwhile the temperature and
pressure would decrease. But if a quantity of dry steam were
held in a receptacle in open communication with a copious source
of supply, such as the cylinder of a steam engine connected through
the open port and pipes with a boiler, then if heat were removed
from steam in the cylinder a partial condensation would result,
collecting on the cylinder walls; but no appreciable loss in pressure
or temperature would ensue, for the slightest diminution in pressure would bring more steam from the boiler. The total weight of
water and vapor in the cylinder at any time could not be determined from the temperature, the pressure, or the volume occupied,
but would depend also on what proportion of the whole contents
was in liquid form. Heat may therefore be taken from or added
to wet steam without changing its temperature or pressure ; but
the quality, or the decimal proportion (by weight) of dry vapor
contained in the mixture is thereby altered, and the volume occupied by a given weight is changed. Therefore, neither temperature, pressure, nor volume, nor all three combined, give sufficient
information to tell the proportion of live vapor in wet steam
occupying a certain space or to ascertain the heat possessed by it,
and, consequently, its capacity for doing work.
Careful experiments with saturated steam to determine the
relation between pressure and temperature the heat required to
produce one pound of vapor and the volume occupied by each
pound have resulted in so-called steam tables. The following
values are taken from Peabody's Tables of the Properties of Saturated Steam., a book recommended to the reader, though without
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QUALITY OF STEAM AND ECONOMY CALCULATED FROM THE
INDICATOR DIAGRAM.
In order to apply the indicator for scientific investigation

of the steam engine, at least an elementary knowledge of the
properties of steam is necessary. A course in practical thermodynamics, or the relations existing between heat and the work
derived from it by the steam engine, is recommended to anyone
whose time permits, but in the lack of such preparation the following brief summary may be of service.
When water is confined under constant pressure and heat is
applied the temperature gradually rises till a certain definite value
is reached, depending on the pressure. After that, further heating
does not increase the temperature, but changes the substance from
its liquid form, water, to its vaporous form, steam. During
evaporation both the liquid and the vapor remain at the same
temperature, but the vapor produced occupies a much greater
volume than the liquid from which it was generated. Heat
applied to vaporize serves only to separate the molecules of water
from the relatively intimate contact in the liquid state to the
greater distances existing in the vapor, forcing them apart against
the confining pressure and against their own mutual attraction.
Dry steam is water substance to -which sufficient heat has been
applied to just completely vaporize it. Wet steam or saturated
steam is a mixture of dry steam and water, the latter existing in
minute drops temporarily suspended in the vapor and more or
less thoroughly mixed with it. It is produced either by partial
condensation of steam originally dry or by too rapid generation
in the boiler, the violent ebullition and foaming at the water surface projecting small particles of unevaporated liquid up into the

a
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a knowledge of thermodynamics certain of its columns will not be
understood :

Pressures given are reckoned from an absolute vacuum, not
from atmospheric pressure. Notice that as the temperature rises
the pressure rises also. Under pressure of 90 pounds absolute
per square inch (provided no air is present) steam cannot exist
at less than 320° F, and except when separated from its liquid
and superheated, which case will not be discussed here, it cannot
be any hotter. The heat quantities given are in British thermal
units* per pound of water or of steam and are reckoned above
32° F. For instance, the quantity of heat necessary to warm a
pound of water from 32° to 320.0° without evaporating any of it
is 290.0 British thermal units, abbreviated B.t.u. This heat is
held by the water and is called the heat above 32, per pound of
liquid, or simply the heat of the liquid, and is represented by the
letter q. After being warmed to 320° the further quantity of heat
required to evaporate the entire pound under pressure of 90
pounds absolute per square inch is 889.6 B.t.u. This is called
the heat of vaporization,. The total heat required to warm the
water from 32° and convert all of it into dry steam at 90 pounds
pressure is therefore 290.0+889.6=1179.6 B.t.u.; and this
appears in column 5 represented by the letter H.
The volume tabulated is per pound of dry vapor. A pound
of wet steam at 90 pounds would occupy less space. If its quality
were .85, i. e., if it contained 85 per cent of vapor, it would then
consist of .85 pounds vapor and .15 pounds water. The vapor
would occupy .85 X4.858=4.129 cubic feet, and the water
.15X.017=.003, so the volume of the whole would be 4.129+.003
=4.132 cubic feet. In general, if we know that the total weight
of vapor and water present in a quantity of wet steam occupying
V cubic feet is W pounds and that the pressure is p pounds absolute per square inch, we can find the quality of the mixture or the
proportional weight of vapor present as follows:
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1

2

3

4

5

6

Absolute.
Preigure al
lb& per isq.ln.

Temperature
Fahrenheit

Heat 1111 lb.
of liquid.
q.

Heat of
vaporization
of 1 lb.
r.

Total beat
of l lb. of
dry vapor.

Toluene in en.
ft Of 1 lb. of
dry vapor.

n.

b,

2
3
4
5
6

126.3
141.6
153.1
162.3
170.1

94.4
109.8
121.4
130.7
138.6

1026.1
1015.3
1007.2
1000.8
995.2

1120.5
1125.1
1128.6
1131.5
1133.8

173.6
118.4
90.3
73.2
61.7

15
17
18
19

213.0
216.3
219.4
222.4
225.2

181.8
185.1
188.3
191.3
194.1

965.1
962.8
960.6
958.5
956.6

1146.9
1147.9
1148.9
1149.8
1150.7

26.15
24.59
23.22
22.00
20.90

34
35
36
37
38

257.5
259.2
260.9
262.5
264.1

226.7
228.4
230.0
231.7
233.3

933.7
932.6
931.5
930.3
920.2

1160.4
1161.0
1161.5
1162.0
1162.5

12.07
11.75
11.45
11.16
10.88

77

78
79

309.2
310.1
310.9

278.7
279.6
280.5

897.5
896.9
896.3

1176.2
1176.5
1176.8

5.621
5.554
5.488

80
81
82
83
84
85
86
87
88
89

311.8
312.7
313.5
314.4
315.2
316.0
316.8
317.7
318.5
319.3

281.4
282.3
283.2
284.1
285.0
285.8
286.7
287.5
288.4
289.2

895.6
895.0
894.4
893.7
893.1
892.5
891.9
891.3
890.7
890.1

1177.0
1177.3
1177.6
1177.8
1178.1
1178.3
1178.6
1178.8
1179.1
1179.3

5.425
5.362
5.301
5.240
5.182
5.125
5.069
5.014
4.961
4.909

90
91
92
93
94
95

320.4
320.8
321.6
322.4
323.1
323.9

290.0
290.8
291.6
292.4
293.2
294.0

889.6
889.0
888.4
887.9
887.3
886.7

1179.6
1179.8
1180.0
1180.3
1180.5
1180.7

4.858
4.808
4.760
4.712
4.665
4.619

16
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V=W v= TV (x s+ (1-x) w)
in which v or (x s+ (1-x) w) is the volume of 1 pound of the
*A British thermal unit. is the quantity of heat required to raise the
temperature of one pound of water one degree, or, more exactly, to raise it
from 62° to 63°, for the heat necessary per degree varies slightly at different

temperatures.
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mixture, x s being the volume of the x pounds of vapor and
(1—x)w the volume of the (1—x) pounds of water in each pound
of mixture. w represents the volume of 1 pound of water, and
for ordinary steam temperatures may be taken as .017 cubic
feet with sufficient accuracy. The volume per pound of vapor, s,
is given in the table. Solving the equation for x, the quality,

V
1if

36 inches stroke, running at 85 r.p.m. The piston displacement
A 785X 41 =5.30 cubic feet. The clearance at the head
end was measured by setting on the dead-point, closing the exhaust
valve, and filling the cylinder and ports with water poured in
through the admission port. It was found to be .47 cubic feet.
If actual measurement were impossible it could perhaps have been
calculated from dimensions taken from drawings of the engine,
though in general this would probably be inaccurate, for cylinder
heads are seldom of the exact shape shown on drawings and the
is (4)2

—+-(8-1e)

(

Suppose that in the cylinder of a steam engine the indicator
diagram shows at cut-off a pressure of 85 pounds absolute per
square inch. Suppose also that at cut-off the volume between
admission and exhaust valves, including clearanre space and that
portion of the cylinder up to the piston face, is 10.5 cubic feet,
and that the total weight of vapor and water present in this space
is 3.42 pounds, determined in a manner to be explained presently.
The quantity of steam at that instant is
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4

10.5
x—
(

—.017 )±(5.125_.017) =.598,
3.42

since s for 85 pounds is 5.125 cubic feet. Unless the mixture is

nearly all water its quality can be computed with sufficient
accuracy by neglecting the small volume occupied by the water
and assuming that the vapor present fills the entire space, thus:
3.42 pounds of dry vapor at 85 pounds absolute would occupy
3.42X5.125=17.53 cubic feet. The vapor in question occupies
10. 5
10.5 cubic feet; therefore, only
or .599 of the 3.42 pounds
17.53
of substance is vapor. The rest is water. Let us say then that in
this engine, at cut-off, 60 per cent of the " steam " is vapor and
40 per cent water. These figures represent with tolerable exactness the quality actually found in a simple engine. The condition
indicated is, however, so different from what the average engineer
supposes to exist that a more careful investigation will be worth
while.
Fig. 45 is a card from the head-end of the high-pressure
cylinder of a Corliss engine with piston 18 inches diameter and

Fig. 45
linear clearance from the head to the piston is not likely to be
precisely as designed.
On the card of Fig. 45 the vacuum line is drawn 14.6 pounds
below atmospheric pressure, that corresponding to the barometer
reading when the card was taken. Points b, c, and e, representing
the events of cut-off release, and compression, were then determined by careful examination of the changes in curvature, and
the horizontal distance of each from the head end was found in
per cent of the full stroke and recorded as shown. The absolute
pressure at each event measured from the vacuum line was also
recorded.
On the return stroke at e the exhaust valve shut and no more
steam could leave the cylinder. The small quantity caught and
held within is called the cushion steam. At that instant it was
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under pressure of 35 pounds absolute per square inch and it filled
the clearance space and part of the cylinder; that is, a volume of
.47 cubic feet plus 9 per cent of the piston displacement or .47+
.09 X5.30, making .95 cubic feet. Its weight can be computed if
its quality is known. There is good evidence resulting from
hundreds of elaborately conducted investigations showing that
steam in an engine is practically dry at compression. A pound
of dry steam at 35 pounds absolute occupies 11.75 cubic feet, as
shown by the steam tables. The weight present at e then was
.95
' or .081 pounds. This was the least quantity ever in the
11.75
head-end. Its weight remained constant during the compression
e f, though its quality changed. At f the valve opened and steam
was admitted from the boiler, following the piston up until cut off
at b. At the latter instant steam filled the clearance space and
32 per cent of the piston displacement, a volume of .47+.32 X
5.30, or 2.17 cubic feet. Its pressure was 92 pounds absolute, but
the indicator card gives no information as to the proportion of
vapor present. The total weight present at b is the cushion steam,
which was present before admission, plus the amount that came
in from the boiler. The former has already been calculated; the
latter may be measured, for it leaves the cylinder again during
the exhaust from c to e, and it may be sent to a surface condenser,
reduced to water and weighed. When this card was taken 108
pounds were passing through the engine per minute, the same
quantity, of course, going through first the high and then the lowpressure cylinder. To measure how much of it went through the
head-end and how much through the crank-end, separate condensers would be necessary, and this is seldom possible. But the
head and crank-end cards were almost exactly alike, so that we
may assume that they received equal quantities of steam, and that
)0, or .635 pounds entered and left the head-end per revolution. (A better method is to find from each card the average pressure at cut-off, release, etc., and the average volume occupied by
steam at the different events in each end, and to use these values
in connection with one-half the total quantity of steam in making
the following computations.)
At cut-off, then, there was in the cylinder and clearance
space .635+.081=.716 pounds of " steam," which word, loosely
used, generally means wet steam or steam and water. The propor-

tion of vapor present may be found by the equation on page 930,
or by the approximate and shorter method which follows it. Thus:
.716 pounds of dry vapor at 92 pounds absolute pressure would
fill .716X4.760 cubic feet=3.41 cubic feet (see table) ; the vapor
2.17,
or 64 per
present fills only 2.17 cubic feet. Therefore, only
3.41
cent of the " steam " in the cylinder is vapor ; the rest is water.
Nothing escapes from the cylinder between cut-off and release.
The weight of substance at c is then .716 pounds, and it fills the
clearance space and 98 per cent of the piston displacement, or
.47+.98X5.30=-5.66 cubic feet. Its pressure is 36 pounds, at
which 1 pound of dry vapor would occupy 11.45 cubic feet and
—

Therefore
8.20
the substance present in the cylinder at release is 69 per cent vapor
and 31 per cent water.
These results give an idea of the changes in condition of
steam during a revolution, which may be detected and studied by
aid of the indicator diagram. Only a brief paragraph can be given
to them here, though they are of great importance in the scientific
design of steam engines. Steam practically dry, let us say, in
the boiler, enters the engine cylinder at f, Fig. 45, and mingles
with a small quantity already there. Contact with the relatively
cold iron of the cylinder condenses part of it, for the metal is
probably never as hot as the boiler steam nor as cold as the exhaust.
This condensation on initial contact is so rapid that often more
than half of all that has entered is condensed before quarter stroke
is reached, the water formed collecting in a thin film on the iron
surfaces. In the example calculated above, 36 per cent of the
cylinder contents at cut-off had been reduced to the comparatively
inert form of hot water. Its quantity is, of course, not enough
to endanger the engine, but it has lost all its heat of vaporization,
more than of all the heat it possessed, as will be realized by
referring to the steam tables. It has parted with nearly all its
power of doing work, and cannot regain that power until re-evaporated. Moreover, by condensing, it necessitates the entrance of
more steam to sustain the pressure, thus increasing the steam
consumption. Steam continues entering from f to b, but there
is no method known by which the exact quantity in the cylinder
at intermediate points, say between a and b, or at any other time
50
.716 pounds would fill 8.20 cubic feet;
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when either the admission or exhaust valve is open, can be determined. After cut-off, however, the quantity present can be found
as explained, and the per cent of vapor determined for any time
during expansion, but not after the exhaust begins. Part of the
steam condensed during admission is re-evaporated during expansion, because the mean temperature of the iron is hotter than
steam at the lower pressures. Re-evaporation continues during
exhaust while steam is leaving the cylinder, most of the water
remaining at c being re-converted into vapor before the exhaust
valve shuts. Re-evaporation would be of good service because it
tends to sustain the pressure during expansion, yet does not perceptibly change the back pressure ; but, unfortunately, the heat
required for it is taken from the cylinder, reducing the temperature of the iron and so augmenting the initial condensation
between f and b on the next stroke.
This interchange of heat between steam and the cylinder
walls is by far the greatest cause of wastefulness in the steam
engine. Watt discovered it more than a century ago, and reduced
it by inventing the separate condenser. Modern inventions, including the steam jacket, the use of superheated steam and compound and multiple-expansion engines, have cut it down still further, and the indicator has been useful in studying their action
as well as measuring the gain due to them. But initial condensation and subsequent re-evaporation still remain the chief
causes of poor economy.
Engine Tests. Tests of steam engines are usually made to
determine the cost of producing power. The brake horse-power, or
power delivered by the engine shaft, is seldom obtainable except for
small engines, and then only under favorable conditions ; hence the
indicated horse-power is measured from the cards and allowance
output at the shaft. Cost per horse-power is generally reckoned in
terms of the weight of steam used or the heat used per hour. If all
engines were supplied with steam of the same quality, at the same
pressure, and if all exhausted against equal back pressure, the
quantity used per horse-power-hour would be a satisfactory criterion
for comparing their economy. But of two engines developing
equal power and operating under conditions otherwise alike, except
that one uses high and the other low-pressure steam, both using the
same quantity, the former is surely less economicaL It costs more
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to make high- than low-pressure steam, because the former contains
more heat per pound, and other conditions being the same,
more coal must be burned to produce it. Again, of two engines developing equal power, receiving steam of the same pressure
and quality, consuming equal quantities per hour and operating
under conditions otherwise alike, except that one exhausts at lower
pressure than the other, the first has the poorer economy, partly
because of the cost of maintaining a low exhaust pressure and
partly because the temperature of the exhaust is lower. Exhaust
steam, under suitable conditions, can be condensed and returned
to the boiler as feed water with slight loss in temperature. When
returned relatively cold it requires more heat and the combustion
of more fuel to change it again into steam. It is therefore apparent that the mere quantity of steam used does not indicate the
economy.
A scientific measure for comparing economy resulting from
different engine tests is the heat used per horse-power per hour.
Suppose an engine is supplied with dry steam of 95 pounds
absolute pressure, that the temperature in its exhaust pipe is
126.3° F, and that steam exhausted, after being condensed, is
finally pumped back into the boiler at 90 F. The heat in each
pound arriving at the throttle is 1180.7 British thermal units,
as given in the steam tables. Each pound leaving the cylinder
possesses an unknown quantity of beat, because it is part water
and part vapor in unknown proportions. If condensed in a surface condenser, it will issue from the air pump discharge several
degrees colder than 126.3, depending on various conditions. Suppose it issues at 110°, and then goes to a receiving tank or hot
well, where it unavoidably cools to 90°, and finally is returned to
the boiler as water at that temperature. A pound of water at 90°
contains 58.0 B.t.u. (not given in the table). When evaporated
into dry steam at 95 pounds, it will contain 1180.7; the difference, or 1122.7 B.t.u., must be supplied by the boiler. If the
exhaust steam bad been condensed very slowly in a specially arranged condenser, it might, theoretically, at least, have been reduced to water without further loss in temperature and been
pumped back to the boiler at 126.3. Then it would have possessed 94.4 B.t.u., and would have required an addition of only
1180.7-94.4, or 1086.3 instead of 1122.7 to heat and evaporate
it. If the test is to show the economy of the engine alone without
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auxiliaries, should it be charged with 1122.7, or 1086.3 B.t.u. per
pound of steam used Evidently the latter, for the engine should
not be debited with heat lost by an inefficient condenser and subsequent cooling before returning to the boiler. The heat used per
pound of steam should be the difference between that contained
when arriving at the throttle and that of water at the temperature
in the exhaust pipe. The quantity of steam should include only
that used by the engine itself without auxiliaries. Therefore,
if 10,000 pounds of steam were used per hour and 400 indicated
horse-power developed the steam consumption would be

10000

400

or 25 pounds per I.H.P per hour, and the heat consumption
25X1086.3, or 27,200. B.t.u. per I.H.P. per hour to the nearest
third significant figure. If the engine were jacketed with steam
at full boiler pressure, condensation from the jackets could be
trapped out as water at full boiler temperature, 323.9°, (see
table), and returned to the boiler with but slight loss, theoretically with no loss. Each pound returned would contain 294.0
B.t.u., the heat of the liquid at 323.9°. To re-evaporate it would
take 1180.7-294.0=886.7 B.t.u. Supposing the jackets used
500 pounds per hour, the total consumption of the engine per
indicated horse-power per hour would be 25+ 500
— =26.3 pounds,
400
7X
and the total heat consumption 27,200+ 886.490 500 =28,300.
B.t.u. per I.H.P. per hour.
On the other hand, if the test is for economy of the entire
power plant, to show the total cost in steam or in heat required per
unit of its product, that is, per horse-power developed, then the
engine should be debited with all the steam and all the heat used
or wasted by itself and its auxiliaries, including the air pump,
circulating pump, and feed pump, with all piping and drips from
the throttle valve to the boiler. It should be credited with only
the useful output, viz.: its brake horse-power ; but as this cannot
often be measured directly, the indicated power may be used instead.
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Suppose the following data result from a plant test:
1300
Indicated horse-power of main engine
Steam condensed and weighed after passing through cylinders of main
21,600. pounds per hour
engine
14.6 pounds
Barometer 29.8 inches. Atmospheric pressure
Pressure at throttle, 78.4 lbs. gage, or 93.0 lbs. absolute.
Steam at throttle contained 1% moisture.
141.6° F
Temperature in exhaust pipe
Jackets supplied with steam taken from main steam pipe near throttle.
Ordinarily, water condensed in them was returned to boiler (not through feed
pump) at 320.0°. During test it was drained into weighing tanks showing
1350 pounds per hour.
Dry steam at 62.4 pounds gage pressure or 77.0 pounds absolute supplied
to combined air and circulating pump and to feed pump. Exhaust from
pumps used to heat feed-water, and not returned to boiler.
1160. pounds per hour
Consumption of air and circulating pump.
940 pounds per hour.
Consumption of feed pump
170°
Temperature of feed water at boiler

The total steam consumption of the plant was
21600+1350+1160+940
1300

or 19.3 pounds per T.H.P. per hour.
Each pound arriving at the throttle was at 322.4°, and was
only .99 vapor, so it contained as much heat as 1 pound of water at
322.4° and .99 of the heat required to vaporize one pound at
that temperature; that is, 292.4+.99 X887.9, or 1171.4 B.t.u.
Each pound of water fed to the boilers at 170° contained 138.5
B.t.u. Each pound returned from jackets at 320° contained
290.0 B.t.u. The heat consumption of the main engine was
therefore
21600 (1171.4-138.5)+1350 (1171.4-290.0)

18,100 B.t.n.
1300
per I.H.P. per hour
The pumps received dry steam at 77.0 pounds absolute, containing 1176.2 B.t.u. per pound. When exhausted, after passing
through the feed heater, this steam was thrown away, but for every
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pound another pound, taken from some fresh water supply, was
warmed and fed to the boiler at 170°, containing 138.5 B.t.u.
The heat required for operating the pumps was (1160+940)
2,180,000
- (1176.2-13$.5)=2,180,000 B.t.u. per hour, or
1300
=-1,680 B.t.u. per I.H.P. of main engine per hour.
The total cost in heat units for each indicated horse-power
developed by the main engine was therefore 18,100+1,680 or
19,800 B.t.u. per hour, and this was furnished by coal burned
under the boiler.
In testing for economy, steam used by the main engine, jackets, pumps, etc., should always be measured as directly and exactly as possible either by condensing the exhaust in a surface
condenser and then weighing it, or by carefully weighing all water
fed to the boiler and deducting quantities used for other purposes.
For specific instructions and advice on this subject the student is
referred to the standard system of testing steam engines recommended by the American Society of Mechanical Engineers and
published in their Transactions., Vol. XXIII.
Sometimes the indicator diagram is used to furnish data for
calculating the quantity of steam passing through an engine cylinder per revolution, and thus for determining the steam consumption per hour. Pressure at compression and release are measured as in Fig. 45, and the volume occupied by steam at each of
these instants is computed from measurements of the diagram and
dimensions of the engine. Assumption is then made that the
substance present in the cylinder at these times is dry steam, and
its weight is calculated accordingly. The weight thus found at
release minus that retained at compression is then taken as the

used per stroke were carried out as stated, the result would be
about 35 per cent less than the true weight found by actual measurement. A calculation which leads to such an error is of course
absolutely worthless. The steam used per stroke or per hour
should be determined only by actually measuring it, after which
it may be used to calculate the degree of wetness resulting from the
above-mentioned case; but the converse calculation, assuming
data probably incorrect, is a mere waste of time.
Locomotive Reducing Notions. When taking indicator cards
for a locomotive it is quite important, as in other types of engines,
to have the proper reducing motion. An indicator provided with

steam consumption per stroke as accounted for by the indicator
diagram. But though, as has been stated, the cylinder contents

a reducing wheel, as shown in Fig. 28, is perhaps as good a reducing motion as can be used on a locomotive, but Figs. 46 and
47 show two arrangements which may be used to good advantage
where a reducing wheel is not obtainable. The precautions which
must be taken when constructing a reducing motion of this kind
are to always have the arms of the indicator cards parallel to each
other and the point to which the indicator string is attached must
always be in a straight line with the fixed point of the indicator
motion and the moving point on the crosshead. In this way the
motion of the indicator will be exactly in proportion to the move-
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are almost always approximately dry at compression, they are not
at release. The quality of steam at release depends on how wet
it was originally, where the cut-off takes place, how much it expands, whether or not a jacket is used, how large the engine is and
how fast it runs, and on other factors so difficult to allow for mathematically, that no calculation can accurately predict the quality
which will actually be found by such a computation as given. For
the card of Fig. 45 the " steam " at release was really 31 per
cent water. If it were assumed dry and the calculation for steam

Fig. 46.
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ment of the crosshead. It is always advisable before taking indicator cards to test the accuracy of the indicator motion. This
may be done by stopping the engine at different parts of the stroke,
measuring the distance that the crosshead is from the end of the
stroke, and at the same time making a pencil mark on the indicator
card by moving pencil up and down. The line on the indicator

REVIEW QUESTIONS.

Fig. 47.
card should then be the same proportional distance from the end
of the card that the crosshead pin is from its present position
from the position it would have occupied when at the beginning
of the stroke. Various lines can thus be drawn on the indicator
card to represent various positions of the crosshead, and if the
indicator motion is correct the position of these lines should always bear the same relation to each other that the different positions of the crosshead do.
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1. Give a complete definition of the term mean effective
pressure as applied to a steam engine.
2. Draw a card such as would be obtained from a Carlin
engine having all events of the stroke too early. What change in
the valve-gear should be made to correct the errors indicated by
such a diagram ?
3. What is the engine constant or horse-power constant used
in computing indicated power ?
4. Sketch and dimension a Brumbo pulley reducing rig to
give a card of proper length when used with an engine of 48-inch
stroke at 75 r.p.m.
5. What change would be advisable in the above rig to adapt
it to an engine of 20-inch stroke ?
6. What is meant by " a 50-pound spring " for an
indicator ?
7. What objection would there be to using a 100-pound
spring in the low-pressure indicator for a compound condensing
engine where the receiver pressure is 20 pounds ?
8. Calculate the horse-power constants for a 24x36 inch
engine having a 34-inch piston rod.
9. If the above engine runs at 125 r.p.m. and develops an
M.e.p. of 21.4 pounds in the head-end and 22.6 in the crank-end,
what is its indicated horse-power ?
10. What effect does inertia of the indicator drum have on
the length of the diagram ?
11. How and why was the atmospheric line of Figs. 40 and 42
drawn as shown?
12. When the barometer reads 29.5 inches, what is the
atmospheric pressure per square inch ?
13. If two diagrams, one like H, Fig. 8, the other like Fig.
42, were shown you, how could you distinguish the steam engine
card from the compressor card?
14. What is the brake horse-power of an engine ? Why is it
greater than the indicated horse-power ?
15. What change should be made in the valve-gear to correct
the faults shown by Fig. 24 /
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16. If a diagram from a pump, like Fig. 43, but without any
arrows, were shown you, how would you tell in which direction it
was drawn ?
17. The back pressure line of Fig. 24 apparently coincides
with the atmospheric line. How could the indicator be arranged
to detect slight differences between them ?
18. It is desired to draw the vacuum line on a diagram taken
when the barometer read 31.1 inches. A 16-pound spring was
used. How far below the atmospheric line should the vacuum line
be drawn ?
19. A weight of 1000 pounds is to be hoisted 1200 feet in 4
minutes. What horse-power is required for the actual work of
hoisting ? Would an engine having 10 indicated horse-power
maximum capacity be sufficient for the work ?
20. Cards from a 10x12 inch engine running at 320 r.p.m.
show the following mean effective pressures: head-end 46.0; crankend 41.5. The piston rod is 2 inches in diameter. What is the
indicated horse-power ?
21. Before attaching an indicator to a new engine or to one
just fitted with new piping, what precautions should be taken to
protect the indicator from scale and grit?
22. An Otto gas engine 114x18 inches runs at 228 r.p.m. A
card taken from it at full load is shown in Fig. 37. What is its
indicated horse-power ?
23. What causes the vibration shown by the diagram of Fig.
38 ? How would you planimeter such a diagram ?
24. A steam engine drives a main shaft which transmits
power to three different mills by means of separate belts. How
could the power required to run each mill be measured ? To what
errors would the results be liable ?
25. The area of an indicator card taken with a 100-pound
spring is 2.05 square inches. Its length is 3.20 inches. What is
the 11.e.p. ?
26. In a looped diagram like Fig. 16, how do you decide in
which direction to run the planimeter for measuring the net area ?
27. If an indicator diagram lies entirely below the atmospheric line, how is the mean effective pressure affected ?
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PAC IF IC TYPEOF LOCOMOTIVE U SED ON THEC HESAPE AK E O H IORA ILROAD
Amer ican Locomotive Company )

Engine Parts and Running
Gear

The steam which is generated in the boiler enters the steam
chest of the cylinder by way of the main throttle-valve, dry pipe
and steam pipe. From the steam chest it passes through the
admission port into one end of the cylinder and forces the piston
to the opposite end of the cylinder, and, after having done its
work in the cylinder, the steam passes through the exhaust pipe
into the atmosphere.
The pressure of steam on the piston is transmitted to the
piston rod, connecting rod and crank pin, which, being connected
to the wheel some distance from its center, causes it to rotate
and the locomotive to move.
The arrangement of valves and eccentrics for properly operating the valves is taken up under the subject of valves and
valve gears, and the arrangement of the steam and exhaust pipes
is explained in connection with the locomotive boiler. It will
be the object of this chapter to explain the construction and
design of the cylinders, pistons, piston rods, stuffing-boxes, crosshead and locomotive running gear with which the reciprocating
parts of a locomotive are connected.
The simple locomotive consists of two engines, one on each
side of the locomotive. These engines are connected to the same
shaft upon which the crank pins are located, at right angles to
one another. The crank pins are arranged in this manner for
the purpose of preventing the engine from becoming stalled on
dead center, because when one crank pin is on dead center the
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other is at right angles to the center line of the cylinder, which
is the best position for transmitting the linear motion of the
piston into rotary motion of the driving wheels.
The steam which enters the cylinder either follows the piston
at full boiler pressure or is cut off before the piston reaches the
end of the stroke. When steam is cut off before the end of the
stroke is reached the steam is said to be used expansively, in which
case the energy in the steam is used for moving the piston between
the time of cut-off and release.
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Fig. I.
SECTION OF ENGINE CYLINDER.

Cylinder. The cylinders of a locomotive, in which the work
of the steam in moving the train is accomplished, are made of
uniform, close-grained, hard cast iron. The iron must be hard
enough to resist abrasion, and it must be soft enough to allow the
interior of the cylinder to be bored, the ends of the cylinder turned
off, the valve seats planed, and the bolt holes for the cylinder
covers bored. The steam and exhaust ports and valve seats are cast
with the cylinder to avoid joints. The valve chest may be located
either on the top or at the sides of the steam cylinder, and may
be either circular or rectangular in shape.

ENGINE PARTS AND RUNNING GEAR. 797
Parts of an Engine Cylinder. The arrangement of the different
parts of an engine cylinder is shown in Fig. 1. 1 is the cylinder

itself ; 2, the front cylinder head ; 3, the back cylinder head ; 4, the
front cylinder head casing; 5, the back cylinder casing; 7, piston
rod stuffing-box ring; 8, piston rod stuffing-box gland; 9, steam
chest ; 10, steam chest cover; 11, valve stem gland ; 12, valve
stem stuffing-box ring; 13, steam chest cover casing; 14, steam
chest casings 15, steam chest valve; 16, steam chest valve yoke.
Sizes of Cylinders. The securing of the proper proportions
of cylinders for a locomotive is a matter of great importance in
locomotive designing. They must be large enough so that with
the maximum steam pressure of the boiler they can always turn
the driving wheels when the locomotive is starting, but their size
should not be much greater than that needed for that purpose,
otherwise the pressure on the pistons will be apt to slip the wheels
on the rails. The maximum force of the cylinders should, therefore, be equal to the adhesion of the wheels to the rails. This
may be assumed to be equal to one-quarter of the weight on the
driving wheels. The maximum mean effective piston pressure
may be taken to be 90 per cent of the boiler pressure.
As the length of the stroke is usually fixed by the convenience
of arrangement and the diameter of the driving wheels, the determination of the size of the cylinder usually consists in a calculation of its diameter. In order to make this calculation, the
diameter of the driving wheels, the weight on the driving wheels,
the boiler pressure and the stroke of the piston must be known.
With this data the diameter of the cylinder can be calculated as
follows:
Divide the weight on the driving wheels by four, which gives
the adhesion, and multiply by the circumference of the driving
wheels. This gives the amount of work that the wheels are
capable of transmitting in one revolution. Then multiply 90 per
cent of the boiler pressure, or the maximum mean effective pressure on the piston, by four times the stroke of the piston, or the
total distance traveled by the two pistons in one revolution of the
wheels. Divide the work that the wheels are capable of transmitting by total distance traversed, and the quotient will be the
area of each piston in square inches.
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Putting the above rule in the shape of a formula, we have:
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in case the cylinder requires reboring, it gives a perfect cylinder

from which to work.
NV X0
4
WXC
.90 PX4S 14.4 PXS
or
WXDX3.1416 .218 WXD
14.4 PXS
PXS

Cylinder Cocks. To drain the cylinder and to get rid of
excessive water of condensation, a hole is drilled in each counterbore at the lowest point of the cylinder. These openings are controlled by valves called cylinder cocks, which are opened when
the cylinder is too warm at starting, because, when the engine
is not working, the cylinders and steam pipes are cooled off, so that
when steam is led into them a considerable portion is condensed
until they become warmed. Water is also frequently carried over

in which
A=area of each piston in square inches.
W=weight on driving wheels.
C=Circumference of driving wheels=3.1416 D.
D= diameter of driving wheels in inches.
P=boiler pressure in pounds per square inch.
S=stroke of piston in inches.
In order to make a practical application of this rule, let us
take an engine in which the weight on the driving wheels is 95,000
pounds; the diameter of the driving wheels is 62 inches; the boiler
pressure 180 pounds per square inch, and the piston stroke is 24
inches. The last formula then becomes:

A—

.218X95,000 X62
180 X 21

Fig. 2.
—29 17.2 sq. in.

or the diameter of the cylinder should be 19.44 inches. Such a
cylinder would in practice probably be made 19 inches in diameter.
Counterbore. As will be noticed in Fig. 1, which represents
a section of an engine cylinder, the cylinder at its two ends is
slightly larger than the standard diameter through the rest of its
length. This enlargement is called the counterbore, and is used
for three reasons: 1, to prevent the piston and its rings from
wearing a shoulder at each end of the stroke, which would cause
a pound or knock if the engine were keyed up; 2, the enlargement simplifies the operation of getting in the packing rings; 3,

CYLINDER COCKS AND RIGGING.

from the boiler with the steam. This water collects in the
bottom of the cylinders, and will not escape through the exhaust
pipes until the piston forces it out near the end of the stroke.
The water, however, will flow out so much more slowly than the
piston moves that there is great danger of knocking out the cylinder
head unless there are other means of relief. The cylinder cocks
are, therefore, placed in the under side of the cylinder, so that
when they are opened, when the engine is starting, or when there
is any indication that there is water in the cylinder, the water
will escape through them. These cocks are usually opened and
closed by means of rods, which connect with valve handles on
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one end, and a vertical arm on the other, which is operated in the
cab, so that they can be opened and closed by the engineer whenever necessary. Fig. 2 shows two forms of cylinder cocks and
rigging which are used, in which 9 represents one form of cock,
and 10 represents another. The rigging for opening and closing
the valve consists of: 1, cylinder cock operating rod; 2 and 3,
cylinder cock shaft arms; 4, cylinder cock shaft; 5, cylinder cock
shaft bearing; 6, 7 and 8, cylinder cock coupling rods.
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single-pressure relief valves are placed in the cylinder beads,
which are arranged to open in cases of emergency. These valves
are usually plain conical valves, opening outward, and held in
place by a coiled or flat spring. The tension of the spring is made
greater than the usual steam pressure, so that under normal conditions the valves remain on their seats. Excessive pressure from
any cause lifts them off their seats, and relieves the cylinder and
the cylinder cover. Fig. 3 shows a relief valve used on cylinder

Fig. 4.
COMISTNED RELIEF AND VACUUM VALVE.

Instead of being operated by rods, cylinder cocks are
often operated by air. These pneumatic cocks consist of a small
cylinder with a piston under each valve, which is moved by an
operating valve in the cab. Air is admitted to the cocks when
the operating lever is opened, which either opens or closes them as
desired. The piping consists of 1-in. pipe, and the air is obtained
from the main air reservoir.
Belief Valves. Combined pressure and vacuum relief valves
are placed on low-pressure steam chests of compound engines, and

heads, Fig. 4 represents a combined relief and vacuum valve
used on low-pressure cylinders, and Fig. 5 represents a vacuum
valve used on low-pressure cylinders.
Cylinder Lagging. The radiation of heat from the cylinder
must be reduced as much as possible so as to prevent waste of
the steam due to condensation. For this purpose, hair felt, mineral wool, asbestos or wood, or a combination of these with
asbestos boards are used. This is called the cylinder lagging,
and the outside cover is called the cylinder casing. This is shown
at 6 in Fig. 1.
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Pistons. The piston, which drives the reciprocating parts
of the engine, must be so made as to fit the bore of the cylinder
steam-tight, and it must be so designed as to carry the piston rod
to which it is attached. It is made in various designs, shown
in Figs. 6, 7 and 8. Fig. 6 represents a box piston with a solid
head. The two faces of the piston are of solid metal, but the
spaces between them, A, A, are made hollow so as to reduce the
weight. The hole, D, is tapped in the end of the piston, in order
to take out the core sand. It is plugged shut when in use. B
represents the piston rings, and C the piston rod. Fig. 7 represents a follower piston, which is very much used. The solid

ENGINE PARTS AND RUNNING GEAR. 803
their own resilience. Steam is prevented from leaking past the
joint where they are split by a cap, as shown at the bottom.
The piston rod A is made of steel, and is held in the piston by
the nut N, which draws the rod tightly into the taper fit in the
piston. At the cross-head end the taper seat B is drawn tightly
into the cross-head by a key.
Piston Packings. Since the piston cannot ordinarily be
fitted to its bore so as to be steam-tight, some provision must be
made to maintain a steam-tight joint. There are various methods
which may be used for doing this, but the most usual method
of making a piston steam-tight is by means of rings, which fit
in grooves turned in the bearing surface of the piston. These

6

Fig. 5.

Fig. 7.
FOLLOWER PISTON.

STEAM CHEST VACUUM VALVE.

part, called the spider, is shown at A, which constitutes one face
of the piston rod. The other face of the piston is a separate
plate, B, which is bolted to the spider by means of follower bolt,
F, and forms the cover. The piston rod E passes through the
spider, and is either riveted over after being keyed to the spider,
or is fastened on with a nut and lock nut. Fig. 8 shows an
approved construction of piston and rod. The body of the piston
P is a steel casting of the dished type. To this is bolted the
rim R, made of cast iron. At the bottom the rim may be widened
as at 00, so as to secure a greater wearing surface. Two grooves
are cut in the rim, and into these are sprung the two rings, K, K.
These rings are held out against the walls of the cylinder by

rings should fit the grooves on their sides tight enough to prevent
leakage, and they must be forced radially outward with sufficient force to prevent steam leakage between them and the bore.
Such rings are called piston packing rings, and they differ in
design according to the design of the piston. The piston rings,
in order to be elastic, must have a break in them in some part of
their circumference, so that their length may vary, and the joint
between the two ends must be made so that the steam will not
leak past it. The joint is made steam-tight by making a scarf
joint, or by fitting a tongue piece in both ends of the ring, which
will close the joint. It is usual to have two or more rings, so
that the joints in the rings will not come into line, which will also
prevent leakage.

804 ENGINE PARTS AND RUNNING GEAR.
Snap Rings. There are various methods used for forcing
the piston rings out against the cylinder. The one most generally
used depends upon the elasticity of the ring itself. The ring
is generally made of cast iron, and is turned as a solid ring to
fit a diameter larger than the bore. Usually the proportion is a
quarter of an inch larger for each foot of diameter. The finished
ring is then sawed apart and sufficient metal taken out to permit
the ring to be squeezed together so as to enter the cylinder. It
will tend to expand to its original size against the bore, and this
pressure makes it steam-tight. Such rings are called snap rings,
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move in grooves cut in the bull ring C, which is made solid. The
weight of the piston causes this ring to bear on the bottom of the
cylinder, so that if the joints in the snap ring are put at the
bottom there will not be much tendency to leak past them.
Piston Rods. The piston rod must transmit the motion of
the piston to the mechanism outside of the cylinder, and must
be able to withstand the tendency to wear out of round where
it passes through the cylinder head and its stuffing-box. Piston
rods are, therefore, generally made of cold-rolled steel, which
gives a hard and close fibre suitable for this purpose. Piston
rods may be secured to the piston by being screwed into it and
riveted over, being fitted to a straight or tapered hole in the
piston, and fastened either with a key or nut, or riveted over,
or the piston may be shrunk on the rod.
The other end of the piston rod must be connected to the
cross-head. This is usually done by making the end of the
piston rod fit a tapered hole in the cross-head, which is held
tight by means of a transverse key.
In calculating the strength of the piston rod it may be considered as a solid circular column, with a length equal to the
distance from the cross-head to the piston, which is called upon
to carry a load equal to the total steam pressure on the piston.
The diameter of the piston rod may be calculated by the following
formula:

Fig. 8.
DISHED PISTON.
and in order that the radial pressure of the ring may be the same
all around the circumference, the thickness of ring should be different at different distances from the joint. With the type of solid
piston shown in Fig. 6, snap rings as shown at B, B, must be
used.
With follower pistons the packing rings can either be of the
form mentioned above, or they may be made so that the packing
rings are pressed out with springs or adjustable bolts. In some
cases steam is allowed to enter under the ring, so that it will
press out against the bore and keep the joint steam-tight. With
the type of piston shown in Fig. 7, the packing rings, D, D,
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C L2
S S D2
in which
A=area of metal in square inches.
B=breaking strength of column.
S=working strength of the metal.
d2
16
d=diameter of piston rod.
C=a constant.
L=length of rod in inches.
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As the load is not a static one, and as the piston rod is subjected to very severe jars and shocks, an exceedingly high factor
of safety should be allowed.
Stuffing-box. The hole through which the piston rod passes
through the cylinder head must be made steam-tight, and to do
this special devices, known as stuffing-boxes, must be used. A
typical stuffuag-box is shown in Fig. 9, where A is the stuffingbox ; B, the stuffing-box gland ; D and E, bushings, which can be
replaced in case of wear; C, stud bolts; N, N, the stud bolt nuts,
and P, the piston rod.
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for moving the gland, in order that the same pressure may be
exerted around the circumference of the packing.
For small rods, such as valve stems, the outside of the stuffingbox, instead of being formed into a flange, is often threaded, and
a hollow nut fitting over the gland will draw the latter inward
when screwed upon this stuffing-box thread.
Packing Material. The requirements of a packing material,
which may be used in a stuffing-box, are elasticity, low friction,
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The piston must be surrounded with some form of adjustable and elastic material, which will permit the rod to pass in
and out with the least friction, and which shall seize it tightly
enough to prevent leakage of steam and water from the steam.
The packing goes in the space 5, and the gland B compresses it
into its place. Bushings are usually provided for, as shown at
D and E, because if there is any wear around the rod the bushing
can be forced out and replaced with a new one. These bushings
are made to taper inward toward the rod, because when the
gland is compressed the pressure of the packing will be inward
upon the rod. The gland is usually drawn inward by means of
two bolts, N, N. For large rods, four bolts are sometimes used

absence of abrasive effect upon the rod and capacity to prevent
and absorb leakage. Soft packings, which are made of rubber,
hemp, cotton, asbestos, flax, paper fibre, etc., have been widely
used. The rubber gives elasticity, and the other material the
quality of absorbing and holding the lubricant. Packings of this
class are laid in the stuffing-box in a spiral coil, and are compressed by the gland.
On account of the high temperature and hard service which
locomotive piston packings must endure, the use of soft packings
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makes it necessary to renew them frequently, and for the purpose
of making a mechanical method of packing, which will last longer
and resist both heat and pressure, a large variety of metallic
packings are made. The principle of such packings is to have
a series of split rings, whose surfaces slope alternately from and
toward the rod, so that when endwise compression is exerted by
the gland they close inward upon it. Sometimes a coiled spring
is introduced either behind the gland or around the packing rings,
so that the compression of the split rings may be an elastic force
instead of an unyielding compression.

One form of metallic packing which has had wide use on
locomotives is the Holmes metallic packing, shown in Fig. 10.
The packing is contained in a metal case cut in half, which case
is made to fit the stuffing-box. The packing rings are made of
east iron, and are split so that the coiled springs around the circumference can take up the wear and uneven portions of the rod.
After the rings are placed in the case, the case is inserted in the
stuffing-box, and a joint of lead or one ring of asbestos is placed
in the bottom of the stuffing-box. All the different forms of pack-
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ing which are used to pack piston rods are used to pack valve
stems.
Another form of metallic packing is shown in Fig. 11, and
is known as the Trojan. The packing rings K are enclosed in a
vibrating case formed by the discs E and the casing D, and are
a free fit between disc E, without having any lost motion between
these discs. The ball ring B is ground to the gland C, making a
steam-tight joint. The outer disc E makes a steam-tight joint
with B. The ports G and 11 admit steam to the interior of the
casing D, in order to press the rings against the rod. The follower
A fits freely in the stuffing-box, and the spring holds the parts in
position. Band springs L hold the sections of the soft metal ring
together.

This packing is contained in a metallic vibrating case, with
discs forming its ends and fitting the rod packed. The case with
the packing moves as a unit to accommodate any movement of the
rod. The soft rings are thus protected from shocks or blows, as
any sliding or rolling action is received upon the hard surfaces
of the casing. The soft metal rings which do the packing only
act when the throttle is open.
The arrangement of packing rings is shown in Fig. 12, each
complete packing ring consisting of an outer and inner ring, each
of which is in two or more pieces. The outer ring is L-shaped in
form, while the inner ring is rectangular. The inner ring fits
in a recess on the face of the outer ring, and is held in a fixed
position by the lug in the recess of the outer ring. The pressure
of the steam gradually stretches and closes the outer ring around
the inner ring, thus automatically taking up the wear.
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Specifications for Locomotive Cylinder Castings, Cylinder Bushings, Cylinder Heads, Steam Chests, Valve Bushings and Packing
Rings. The following specifications for locomotive cylinder castings, cylinder bushings, Cylinder heads, steam chests, valve bushings and packing rings are adopted as standard by the Master
Mechanics' Association.
The material used in such castings must conform to the following specifications:
Silicon
Phosphorus
Sulphur

1.25 to 1.60 per cent.
.50 to .80 " "
.06 to .10 CC CC
.30 to .60 CC

Manganese
Combined carbon
.50 to .70 cr
Graphite carbon
9.75 to 3.25 CC
Tensile strength, 25,000 lbs. per sq. inch minimum.
Transverse strength, 3,000 lbs. minimum on 1i-inch round bar, 12
inches between supporta.
Deflection, .10 inch mimimum on transverse test.
Shrinkage, k inch in 1 foot as a maximum.

The quality of the iron going into castings under specification shall be determined by means of the " arbitration bar." This
is a bar 11 inches in diameter and 15 inches long. It shall be prepared as stated further on and tested transversely. The tensile
test is not recommended, but in case it is called for, it may be
made from any of the broken pieces of the transverse test. The
expense of the tensile test shall fall on the purchaser.
The tensile test piece should be prepared with threaded ends
11 inches in diameter, and with a central neck of 0.8 inch diameter, 1 inch between shoulders, with a 7-32 inch radius at the
shoulders, the shoulders being 1 inch in diameter and 1 inch in
length to the thread, the total length of piece being about 31
inches.
Two sets of two bars shall be cast from each heat, one set
from the first and the other set from the last iron going into the
castings. Where the head exceeds 20 tons, an additional set of
two bars shall be cast for each 20 tons or fraction thereof above
this amount. In case of a change of mixture during the heat,
one set of two bars shall also be cast for every mixture other
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than the regular one. Each set of bars is to go in a single mold.
The bars shall not be rumbled or otherwise treated, being simply
brushed off before testing.
The transverse test shall be made on all the bars cast with
supports 12 inches apart, load applied at the middle, and deflection at rupture noted. One bar of every two of each set made
must fulfil the requirements to permit acceptance of the castings
represented.
The bars shall be molded two in a flask and cast on end ; the
bottom of the bar being I's inch smaller in diameter than the
top, to allow for draft. Pattern shall not be rapped before withdrawing. The flask is to be rammed up with green molding
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Fig. 13.
ONE GUIDE CROSSHEAD.

sand, a little damper than usual, well mixed, and put through a
No. 8 sieve with a mixture of 1 to 12 bituminous facing. The
mold shall be rammed evenly and fairly bard, thoroughly dried,
and not east until it is cold. The test bar shall not be removed
from the mold until cold enough to be handled.
The rate of application of the load shall be from 20 to 40
seconds for a deflection of 0.10 inch.
Borings from the broken pieces of the arbitration bar shall
be used for the chemical determinations. One determination for
each mold shall be required.
For cylinder beads, steam chests and packing rings the silicon must run between 1.60 and 1.80 per cent, the other elements
52
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remaining as above. If cylinder castings are to be bushed from
the start, and also have valve bushings or false valve seats, they
should be made of this latter grade of iron.
Cross-head and Cross-head Guides. The cross-head to which
the piston rod is attached derives its name from the fact that, as
ordinarily constructed, it forms a cross shape head on the rod.
The cross-head and the cross-head guides, which control the motion
of the piston rod, are complements of each other, and the form
number and arrangement of the guides will depend on the kind
of cross-head 'used. The function of the guides is to prevent the
end of the piston rod from bending out of the axis of the cylinder,
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represents the piston rod ; 0, represents the cross-head gib; B
represents the cross-head nuts, and 0 represents the cross-head
oiler.

Fig. 15.
FOUR

Fig. 14.

Two

BAR

TYPE CROSSHEAD.

The four-bar type, which was at one time almost universally
used, is shown in Fig. 15. A represents the guide bar; B, the
guide-bearer knee; C, the top guide bar; D, bottom guide bar ;
E, guide blocks ; F, cross-head; G, cross-head gibs, and M, crosshead pin.

GUIDE CROSSHEAD.

and they must, therefore, be parallel to it. The guides may
number one, two or four, depending on the kind of cross-head
used. A type of cross-head used on light engines, where one guide
is used, is shown in Fig. 13. A form where two guides are used
is shown in Fig. 14, and the most usual form, where four guide
bars are used, is shown in Fig. 15.
As shown in Fig. 13, the cross-head for the single guide
entirely envelops the guide, and consists of the following parts;
A is the cross-bead proper; B, cross-head block ; C, cross-head
gib; D, cross-head pin washer and nut, and E, the cross-head key.
Fig. 14 represents a type of cross-head used quite often on freight
engines; A is the upper guide bar; L, the lower guide bar; D

Fig. 16.
CROSSHEAD WITH LARGE BEARING SURFACE.

Another form of cross-head is shown in Fig. 16. This is an
improved form, in which exceedingly large bearing surfaces are
obtained. These are also well protected from the dust. The guide
is shaped as shown in the section at A. It will be seen that the
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bearing surface on the top of the cross-head is very large, because
when an engine is running forward the angularity of the connecting rod tends to lift the cross-head on both the forward and
backward strokes of the piston.
The ends of the piston rods generally fit into a tapered hole
in the cross-head, and are held in place by a transverse key. The
connecting rod is generally connected to the cross-head wrist pin,
which is a part of the cross-head.
The wear an the cross-head is generally taken up with brass
bearing pieces, called gibs, which are placed between the slides
and the guides. These gibs can either be removed or new ones
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which may be made in one or more pieces, can be lined up, or
removed and replaced, at a comparatively small expense, it being
unnecessary to disconnect the cross-head from the piston rod.
All that has to be done is to slack off the nuts on the through
bolts and remove the side plates. The slippers are of east steel,
and divided by cross-webs, forming end cheeks for the gibs; the
intermediate webs are removed when the gibs are made in one
piece. The side plates, when bolted up, form a clamp to hold
the gibs in place.
Cross-head Pin. The connecting rod requires a pin on which
to oscillate while transmitting its motion to the crank. It is usual
to make this pin fast in the cross-head and have the connecting
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Fig. 18.
CONNECTING ROD.

substituted when they become very much worn, or the wear can
be taken up by inserting thin pieces of metal, called liners, between them and the cross-head. The slides are often made without
gibs, and have recesses, either cast or drilled, in them, which are
filled with Babbitt metal. The slides are generally oiled by means
of an oil cup attached to the top guide, and are so constructed
that the oil will gradually be fed on the slides, which are thus
constantly and regularly lubricated.
The alligator cross-head, shown in Fig. 17, has been used
on the Canadian Pacific Railway with very satisfactory results.
The most important advantage is that the bearing strips or gibs,

rod swing on it. It is usual to make the wrist pin hollow, in
order that the oil may be introduced through the center, and so
that the oil can flow out by a radial hole through the contact
surface.
Connecting Rod. The connecting rod must transmit the alternate pull and push of the steam to the revolving crank pin. It
must be strong enough to withstand the tendency to bend transversely by revolving effect caused by its own weight, and it must
be constructed so as to arrange for a bearing at each end. Since
the entire pressure of the piston must be borne upon relatively
small areas of the wrist and crank pin, there must be some arrangement for taking up the wear. The cross sections of the connecting
rod, to meet these requirements, are either rectangular or Ishaped. The latter has become very much used on locomotives,
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as the two flanges give strength against deflection, and all unnecessary metal is removed.
The ends of the rod are equipped with stub ends or strap
ends, similar to those shown in Figs. 18 and 19. The ends of
these rods are provided with what are called brass bearings or
brasses. These brasses are made in pairs, so as to embrace the
pins from each side. They are held in place by straps, which are
bolted to the connecting rods. When the brass bearings become
worn they are taken out of the straps, and a portion of their
surface of contact with each other is filed away, thus allowing
them to come nearer together, and thereby reducing the size of
the hole which receives the pin or journal.
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pins are oiled by means of oil cups attached to the straps above
the journals. Sometimes the oil cups are attached to the under
side of the straps.
These are filled with oil, which is agitated violently by the
rapid motion of the rods. The brasses are usually lined with
Babbitt or some other kind of soft metal, so that there is less
liability of the journals heating up.
The rods which connect or couple together the crank pins on
adjoining driving wheels are called coupling rods, or parallel
rods, and they are made very similar to the connecting rod, or
to the form shown in Fig. 20. Parallel rods are also made with
an I-section, for the same reason as in the case of connecting
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Fig. 19.

Fig. 20.

CONNECTING ROD.

PARALLEL ROD.

Another plan is to have the joint open a little when the two
half bearings are in place, and to fill the gap with liners of thin
sheet metal, so that the bearing can be made solid. As the bearing
surfaces wear, these liners are sucessively taken out until the joint
comes together, when refitting is necessary. In order to prevent the
brasses from being loose in the straps, tapered or wedge-shaped
keys are fitted in the straps and rods. By driving down these
keys the straps are drawn against the brass bearings, and they
are forced together, thus reducing the size of the hole for the
journal and making the rods fit tightly on the pin. A hard steel
plate is sometimes interposed between the keys and the brasses
to prevent the keys from indenting the surface of the soft brass.
In order to prevent the keys from working loose, they are
held in place either by screws or nuts. The journals of the crank

rods. The side rods are generally fitted with brass bushings,
which are pressed into position, and are sometimes held from
turning by a set-screw. These brasses have no means of adjustment, and, when worn, they must be replaced by new ones, bored
to fit the pin.
The stresses to which parallel and connecting rods are subjected are very severe. They are of a twofold character ; one is
due to the direct thrust of the piston, the other is the centrifugal
force, due to the rotary motion of the parts. The latter has a
greater influence upon the parallel or side rod than upon the
connecting rod. The former has the greater influence upon the
connecting rod. In an eight-wheeled locomotive, with four wheels
coupled, the parallel rod is supposed to transmit one-half the
thrust of the piston to the rear wheel.
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The thrust of the piston upon the connecting rod may be
expressed by the formula:
PA
2

in which
T=the thrust on the parallel rod.
P=steam pressure in pounds per square inch.
A= area of piston.
Crank Pins. Crank pins are made of wrought iron or steel,
and are accurately turned to the size required for the journals of

Fig. 21.

Fig. 22.
CRANK PINS.

the connecting rods, as shown in Fig. 21. The main crank pin
has two journals, one A, to which the crank rod is attached, and
the other B, to which the coupling rod is attached. The back pin,
shown in Fig. 22, has only one journal, B, for the coupling rod.
Sometimes the connecting rod is attached to the outside journal
B, and the coupling rod to the inside journal. The crank pins
are made with collars, which hold the rods on the pins. The
crank pin and back pin are turned so as to fit accurately into holes
which are bored in the wheels, and they are either driven in or
pressed in with a screw or hydraulic press. Sometimes the holes
are bored tapered, and are secured by a large nut and key on the
inside of the wheel.
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Adjusting Rod Brasses and Setting Up Wedges. When setting
up the wedges, the engine should be placed with the crank pin of
the right side on the upper forward eighth, which brings the
crank pin of the left side on the back upper eighth. Block the
wheels, and with the reverse lever in the forward motion apply
a small quantity of steam. As the action of the steam against the
piston has a tendency to move it forward, the strain is thrown
against the shoes, permitting a free movement of the wedges. The
wedges should be set up with an ordinary wrench as far as possible, and then pulled down again about one-eighth of an inch, to
prevent the box from sticking, either from overheating of the
box or defective lubrication of the wedge.
Rod brasses should be keyed by driving down just enough
to bring together brass to brass. Any greater force would spring
the crown of the brass against the pin and cause it to heat. If
the main rod is to be keyed, place the side of the engine upon
which the work is to be done either on the upper forward eighth,
or the lower back eighth, as these positions present the greatest
diameter of the pin to the rod brass, and guarantee a free movement at all points without binding.
Brasses should be keyed up properly to prevent unnecessary
shocks and heating of rod brasses, and pounding in driving
boxes, which in time cause undue strain on the entire motion with
disastrous consequences.
The side rods on Mogul and Consolidation locomotives should
be keyed by placing the engine on the dead center, either forward
or back. First key the middle connection, next the ends of rods,
and observe that the rods move freely on the pin. Now place the
engine on the opposite dead center, and notice if the rods move
freely at this point also. This is particularly necessary with rod
brasses having keys on both sides of pin, and which are apt to be
made either too long or too short, throwing the rods out of tram,
and causing undue strain on rods and driving boxes, and also
danger of broken rods or pins. By an engine out of tram is
meant one whose distance from center to center of axle or rod
on one side does not coincide with the similar distance on the
opposite side; or it may mean that the distance between two connected crank pins is not the same as the distance between the two
axles to which the crank pins belong.
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LOCOMOTIVE RUNNING GEAR.

By the running gear of a locomotive is meant those parts
of the engine, such as the wheels, axles and frames, which carry
the other parts of the engine. The wheels are divided into two
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trucks in use upon Baldwin locomotives. 1 is the center pin; 2,
swing bolster; 3, swing bolster crosstie; 4, swing bolster link ; 5,
truck frame; 6, truck pedestal; 7, truck pedestal cap; 8, equalizing
beam ; 9, spring link; 10, axle; 11, wheel ; 12, radius bar; 13,
radius bar brace; 14, longitudinal brace; 15, spring staple ; 16,
spring seat, and 17, safety strap. Two forms of engine trucks
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Fig. 23.
BALDWIN TWO-WHEEL ENGINE TRUCK.

classes: driving wheels and truck wheels. The driving wheels
move the locomotive on the track, and their adhesion depends on
the pressure with which they bear on the rails. The driving
wheels carry a large part of all the weight of the engine.

used upon light locomotives, built by the American Locomotive
Company, are shown in Figs. 25 and 26. In Fig. 25 the engine
truck axle is represented at 1; 2, engine truck wheel ; 3, the engine
truck frame; 4, engine truck pedestal ; 5, engine truck pedestal
cap; 6, engine truck equalizer; 8, engine truck swing bolster; 9,
engine truck spring link; 10, 11, engine truck swing link pins;
12, engine truck swing link pin thimble; 13, engine truck frame

Fig. 24.

Fig. 26.

BALDWIN FOUR-WHEEL ENGINE TRUCK.

AMERICAN TWO-WHEEL ENGINE TRUCK.

locomotive Trucks. A locomotive truck consists of one or
more pairs of wheels which are held in place by a separate frame,
which is attached to the locomotive by means of a center pin or
king bolt, so that it can turn to accommodate itself to meet the
curves of the track. Figs. 23 and 24 show two types of engine

brace; 14, engine truck spring ; 15, engine truck swing bolster
frame; 18, engine truck spring hanger, and 17, engine truck safety
chain bolt.
In Fig. 26, which represents a single pair of truck wheels, 18
represents the engine truck axle ; 19, engine truck wheel; 20,engine
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truck swing bolster frame; 21, engine truck swing bolster; 22,
engine truck center pin ; 23, engine truck king bolt; 24, engine
truck swing link; 25 and 26, engine truck swing link pins; 27,
engine truck equalizer ; 28, engine truck spring; 29, engine truck
spring seat; 30, engine truck pedestal ; 31, engine truck pedestal
cap; 32, engine truck pedestal crosstie; 33, engine truck radius
bar; 34, engine truck radius bar brace; 35, engine truck safety
valve.
The trucks carry the weight of the front end of the locomotive, and also guide it around curves and switches. Sometimes a
truck is placed under the back end of the locomotive to carry
part of the weight. A two-wheel truck of this kind is shown in

Fig. 27.
TWO-THEEL TRAILING TRUCIK.

Fig. 27, in which 1 represents the trailing truck frame; 2, the
trailing truck wheels; 3, the trailing truck axle; 4, the trailing
truck center pin ; 5, trailing truck center pin bolt; 6, trailing
truck center pin safety strap; 7, trailing truck swing links; 8 and
9, trailing truck swing link bolster ; 10 and 11, trailing truck
swing link pins; 12, swing link pin thimble; 13, swing plank ; 14,
truck spring; 15, spring seats; 16, pedestal ; 17, pedestal tie bar ;
18, trailing truck box. Fig. 28 represents a four-wheel trailing
truck, in which 19 represents the frame top bar ; 20, frame arch
bar ; 21, frame tie bar ; 22, wheels; 23, axles; 24, frame filling;
25, truck transoms; 26, swing links ; 27, swing link bars ; 28,
swing link pin; 29, center plate; 30, truck spring, and 31, trailing
truck box.
When two pairs of wheels are used, as shown in Fig. 25,
both axles are attached to the same frame, which is connected to
the engine by the center pin between the two axles by swinging
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around the center of the pin. Trucks which have one pair of
wheels sometimes have the center pin placed some distance behind
the center of the axle, to facilitate the wheels moving around the
curve.

Go

Fig. 28.
FOUR-WIIEEL TRAILING TRUCK.
The periphery or tread of each wheel is made conical so as
to facilitate their moving around curves, and the flanges are put
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Fig. 29.
',mom°TivE DRIVING WHEELS.
closer together than the rails, so that there will be more space or
end play between the flanges and the rails. In running on a
curved track the truck wheels will roll toward the outer rail of
the curve, and the outside wheel, will rest on the rail near the
flange, where the diameter is larger, and the inside wheel will
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rest on the rail, where the diameter is smaller, and consequently
the periphery of the two wheels will move with different velocities.
The truck is attached to the locomotive by the center pin,
which allows the truck axles, instead of remaining parallel to the
driving axles, to turn around the center pin and adjust themselves
to the curve of the rails, so as to approximate as closely as pUssible
the movement which is required of them.
Driving Wheels. The driving wheels of locomotives are generally constructed of cast iron, which have steel tires shrunk on
the outside. The center portions of the wheel, that is, the hub,
spokes and rim, are cast in one piece, as shown in Fig. 29 ; 1 is
the driving axle; 2, the eccentrics; 3, the wheel center ; 4, the crank
pin, and 5, the tire. 'The insides of the tires are usually turned
out somewhat smaller than the outside of the wheel center; the
tire is then heated so that it will expand enough to go on the center.
It is then cooled off, and the contraction of the metal binds it
firmly around the cast iron part of the wheel. Sometimes bolts
or set-screws are used to prevent the rim from slipping off in case
it becomes loose.
In order that standard dimensions be adhered to for driving
wheels, the American Railway Master Mechanics' Association
has recommended standard dimensions for them, and the amount
which should be allowed for shrinkage of the tire, as follows:

the wheel. The axles are then forced on to the wheel by powerful
pressure. The axles are also keyed fast with square keys, driven
into grooves cut in the axle and in the wheel, so as to prevent the
wheels turning upon the axles.
The shape of the tread and flange of a locomotive wheel
should be turned up to the standard which has been adopted by
the Master Car Builders' and Master _Mechanics' Association, the
section of a standard tread and flange being shown in Fig. 30.
Counterbalance Weight. On all locomotive drivers there
should be some form of counterbalance weight used to balance
the weight of the crank pins, connecting rods and pistons. The

STANDARD DIMENSIONS FOR DRIVING WHEEL CENTERS
AND TIRES.

Fig. 30.
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The driving wheels are fastened to the axles by means of
hydraulic pressure, the hubs are accurately bored out to receive
the axles, and the axles are turned so as to fit the hole bored in

counterweight, in order to balance the reciprocating parts, must
be heavier than the weight concentrated at the crank pin. The
rule for finding the amount of counterweight required for a given
engine is as follows:
To properly counterbalance a locomotive it is necessary to
weigh the reciprocating parts, that is, the piston and rod, the
cross-head and its pin, and the small-end half of the connecting rod
(as explained subsequently) on one side, and add these weights together. Next couple all the parts of one side rod together, and having been carefully leveled, a series of knife edges should be passed
through the crank pin holes, and all supported on suitable brack-
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eta or blocks. Then a weighing machine should be inserted under
each knife edge in turn. In this way the proportion of side-rod
weight borne by each wheel is ascertained. The big and little
end halves of the connecting rod should then be weighed in the
same way. The next operation is to write down the total weight
for each wheel as follows: Two-thirds of the total weight of the
reciprocating parts for each wheel, then the weights for each wheel
ascertained by weighing the side rod. The main driving wheel
has the big-end portion of the connecting rod added, and when
this is done we have the amount to be balanced on each wheel at
the radius of the crank pin. The counterweight of each pair of
drivers must then be found by placing each pair on trestles, with
the journals resting on smooth, flat strips of iron, carefully leveled.
Hang weights to the crank pins until the wheel rolls slowly, so
as to bring the crank pin on the horizontal quarter. If pushed
gently in either direction, the wheel should roll slowly back to
the horizontal position of the crank. If the weight hung to
crank pin exactly equals the amount previously found by weighing
for any particular wheel, then the counterbalance is correct. If
too little, weight must be added to the counterpoise to bring its
weight up to the required amount, and if too much, weight must
be taken from the counterpoise. The general practice is to cast
the counterpoise too light, so that lead may be conveniently added
until the required total is secured.
Another method is as follows: Find the separate revolving
weight in pounds of the crank pin, crank pin bars, coupling bars,
and back end of connecting rod for each wheel; also reciprocating
weight of the piston, piston rod, cross-head and front end of the
connecting rod. Take about one-half of the reciprocating weight
and divide it equally between the wheels, and add this amount to
the revolving weight on each wheel. This sum is the weight to be
balanced at each wheel, therefore, multiply this weight by the
length of the crank in inches, and divide by the distance in inches
of the center of gravity of the space to be occupied by the counterweight, the result will the weight required in pounds, which must
be placed directly opposite to the crank pin. If the reciprocating
parts are not balanced properly it will result in what is known as
a hammer plate on the rails, and will not allow an even turning
movement of the wheel.
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Truck Wheels. Truck wheels are usually made of cast iron
in one piece, and are often made smooth on the outside, with ribs
on the inside, the plates which form the center of the wheel being
curved. They are made in this shape, so that when the wheel is
cast and contracts in cooling there is no danger of having the
wheels become cracked. The tread of the wheel is hardened by a
process called chilling; this is done by pouring the metal against
iron into a mold of the form of the tread of the wheel. The mold
of the tread is also made of east iron, but, being cold, cools the
moulten iron very suddenly, and thus hardens it so as to resist the
wear upon it.

Fig. 31.

Fig. 32.

STANDAED SPOKE SECTIONS.

Shrinkage Allowed for Tires. The shrinkage allowance of
tires adopted by the Master Mechanics' Association is as follows:
For cast iron and cast steel centers less than 66 inches in
diameter, 1-80 inch per foot in diameter.
For cast iron and cast steel centers 66 inches and over in
diameter, 1-60 inch per foot in diameter.
Spokes. In order to properly support the rim and resist the
tire shrinkage, spokes should be placed from 12 to 13 inches
apart from center to center, measured on the outer circumference of the wheel center.
The following rule is recommended by the Master Mechanics'
Association:
Number of spokes to equal the diameter of center divided
by 4. If the remainder is one-half or over, use one additional
53
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spoke. The exact spacing of the spokes, according to this rule,
would be 3.1416X4.1256.
There is a feeling among pattern makers and foundrymen
that an uneven number of spokes should be used to avoid getting
two spokes directly opposite each other in a straight line. The
following table has been made up on this basis:
Recommended

Diameter

38

44
48
50
54
56
60
62
66
68
70
72
74
76
78
82

86
90

119.38
138.23
150.8
157.
169,65
176.
188.5
194,8
207.3
213.6
220.
226.2
232.5
238.76
245.
257.6
270.2
282.2

11
11
11
13
13
13
15
15
15
17
17
17
17
19
19
21
21
23
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inches should be approximately .45 of the sectional area of the
tire when new.
The section of rim for wheel centers without retaining rings
shall be of the form shown in Fig. 33.
The diameter of standard size center has varied from time
to time, as the various designs of locomotives have sprung into

Pitch

10.8
12.5
13.6
12.6
13.
13.5
12.6
13.
13.8
12.5
12.9
13.3
13.6
12.6
12.9
12.2
12.9
12.2

Spokes at crank hub should not be located at center line of
wheel, but on either side, so as not to bring a short spoke directly
in line with crank-pin hub. Section of spokes at large end to
have an area of from 9 to 10 inches, with form as shown in Fig.
31. Section of spoke at small end to have an area of from 5/
to 6 inches, with form as shown in Fig. 32. These sections, as
shown in Figs. 31 and 32, are taken at the base of the fillets
uniting the spokes to the hub and rim.
Driving Wheel Centers. Cast steel driving wheel centers
should preferably be uncut and shrinkage slots omitted ; if cut,
slots should be machined out and closed with solid cast iron liners
driven in; no lead or white metal should be used.
For wheel centers, 60 inches or over, when the permissible
total weight of the locomotive will allow, the rims should preferably be east solid without cores, so as to obtain the maximum
section and have full bearing on the tires. The section in square

use, but in 1907 the Master Mechanics' Association adopted 72
inches as the standard size for large driving wheels.
A minimum thickness of one inch for the flanges of engine
and truck wheels is also adopted as the standard practice.
The standard distance between hubs shall be 55 inches. This
permits the use of a practically straight spoke without dish on the
inside.

14 r
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and the wheel arrangement. Several types of frames in use are
shown in Fig 34, where A represents the top rail and pedestals;
B, front rail; C, front rail top; D, front rail bottom; E, middle
brace; F, back brace; G, frame filling piece; H, pedestal wedge;
J, pedestal wedge bolt ; K, pedestal gib.
The frames are not connected rigidly to the driving axleboxes, but they are connected to them by means of springs. The
frame is connected to the ends of the springs by means of rods
or bars, called spring hangers. The driving axle-boxes are connected to the middle of the spring, so that the irregularity of the

FRAME

Frames. The frames of a locomotive are used for connecting the boiler to the running gear. They are fastened to the
cylinder with wedges and bolts, and as the cylinders are bolted
to the front end of the boiler the frames are rigidly attached to
that end. The back ends of the frames are fastened to the firebox with clamps, called expansion clamps. These clamps are so
arranged that when the boiler is heated and expands the boiler
can move in a longitudinal direction along the frame. They are
made in various forms, depending upon the size of the locomotive

SHOP
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track and the hammer blow of the wheels are not felt to such an
extent as if the frames were rigidly connected to the wheels.
Since the axle-boxes slide up and down in the jaws of the
frame, the frames are protected from wear by means of shoes or
wedges which bear against the frame. Only one of the shoes is
made wedge-shape, and the wear is taken up by moving the
pedestal -wedge H by means of the pedestal wedge bolt J.
In the earlier forms of engines the frames were made of
wrought iron, but large locomotive frames are now being made

Fig. 35.
PEDESTAL

JAW AND DRIVING BOX.

of cast steel, which has proved so satisfactory that they are being
extensively used on all types of engines.
Springs. The driving springs are placed over each drivingbox, and are carried on a saddle -which straddles the frame. They
are either overhung or underhung, depending upon the design.
In order to equalize the weight between the drivers equalizing
bars are provided. These bars are attached to the frame with the
springs between driving-boxes, the weight being suspended at
the center of the bar or the axis of rotation. A bar of this kind
equalizes the weight between the drivers, because if one driver
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gues up or down the end of the equalizing bar will go up or down
with the box, and the weight will continue to be divided between
the two boxes. The springs sit upon the spring saddle, which is
a U-shaped iron spanning the frame, and a spring hanger is used
for connecting the spring and equalizing bar.
Driving-boxes. Driving-boxes are set in the frames or pedestal jaws, and between them and the jaws are two pieces of
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at the bottom, which is supported so that it will be a few inches
above the rails. Straight pieces of material are fastened to this
frame at the bottom and to the bumper at the top, a few inches
apart, which give to the pilot a peculiar form, which is well

MEM
Fig. 36.
PILOTS WITH IRON DRAW BAR AND
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Fig. 37.
BULL-NosE

A.TTACHAIENTS.

Fig. 38.
metal front and back, as shown at K and H, Fig. 34. The one
in the front, H, is perfectly straight, and is called the pedestal
wedge or shoe, and the one on the back, It, is called the wedge
or pedestal gib, and is tapered. The jaw is also tapered so that
any wear may be taken up, and also to allow the frame to move
up and down. An arrangement of this kind is shown in Fig. 35.
Pilot, The pilot is placed in the front of a locomotive for
the purpose of removing any obstacles on the track that would
interfere with the operation of the locomotive. It may be
made of either wood or iron, and consists of a triangular frame

STANDARD AXLES ADOPTED BY THE MASTER MECHANICS'

As-

SOCIATION.
adapted for throwing obstacles off the track. Two forms of pilots
are shown in Figs. 36 and 37. Fig. 36 represents a pilot with
an iron draw bar attachment, and Fig. 37 a pilot with a bull-nose
attachment, in which A represents the bumper; B, the stiffening
plate; C, pilot frame; D, pilot bars; E, bottom band; F, draw
bar or casting; G, pilot draw support; H, bottom plate; J ., pushing shoe; K, pilot bracket; L, middle brace.
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Engine Truck Axles. The four different standard axles
adopted by the Master Car Builders from time to time are shown
in Fig. 38. They must be made of open-hearth steel of the following chemical requirements: Phosphorus, not to exceed .05
per cent; sulphur, not to exceed .05 per cent; manganese, not to
exceed .60 per cent. The tensile strength should be not less than
80,000 pounds per square inch, the elongation in two inches
should be not less than 20 per cent, and the reduction in area
should be not less than 25 per cent.
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REVIEW QUESTIONS.
ENGINE PARTS AND RUNNING GEAR.

1. Explain the action of the steam in the cylinder of a
locomotive.
2. How are the crank pins connected in relation with each
other ?
3. Why does not a locomotive stop on both dead centers at
the same time?
4. Sketch a simple locomotive cylinder, and name the different parts.
5. What determines the size of cylinder of a locomotive?
6. Suppose the weight on the driving wheels is 105,000
pounds, the diameter of the driving wheels is 72 inches, the
boiler pressure 200 pounds, and the piston stroke 24 inches, what
should be the diameter of the cylinder?
7. Of what use is the counterbore, and why do cylinders
always have them?
8. Of what use are cylinder cocks?
9. Of what use are pressure valves, and why are vacuum
valves used ?
10. Name three different types of pistons which may be used
on a locomotive.
11. Why are piston packings used?
12. Explain the functions of a snap ring, and tell the method
of making them.
13. How much larger is it usual to make a snap ring to
fit a certain size cylinder?
14. What are the advantages of a follower piston over a box
piston?
15. Explain several methods of fastening a piston rod to
the piston.
16. Sketch a general form of stuffing-box, and explain how
it takes up the wear on the piston rod.
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17. How much phosphorus should be contained in a cylinder casting?
18. Explain how castings used in cylinders are tested.
19. Name three different types of cross-heads in general
use.
20. How is the wear on the cross-bead generally taken up?
21. How are the ends of the piston rods generally fitted into
the cross-bead ?
22. What are the advantages of the alligator type of crosshead used on the Canadian Pacific Railroad, and how is the
wear taken up with this type ?
23. Why is a connecting rod of a locomotive generally of
I-shaped section?
24. What are parallel rods, and why are they used?
25. Explain the method of taking up the wear in a connecting rod.
26. Explain the method of adjusting rods and brasses on a
locomotive.
27. How are the side rods on Mogul and Consolidation locomotives keyed ?
28. Name several different kinds of locomotive trucks.
29. Why is the tread of the witff ,1 made conical ?
30. How are the driving wheels of a locomotive generally
fastened to the axle?
31. Of what use are counterbalanced weights on locomotives,
and bow are they calculated ?
32. What is the shrinkage allowance of tires for locomotive
driving wheels?
33. Explain why an uneven number of spokes is better than
an even number of spokes in a driving wheel.
34. How are the frames connected to the engine?
35. Name two different kinds of pilots in general use.
36. Explain the method of taking up the wear in a drivingbox.
37. Of what kind of material are axles generally made?
38. What is the standard distance between hubs of the driving wheels ?

Locomotive Accessories
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Along with the other improvements of the locomotive have
come various improvements in the locomotive accessories. A considerable number of these improvements have been described in
the various chapters on Mechanical Stokers, Boiler Fittings and
Appliances, Engine Parts and Running Gears, etc., but there still
remain some devices which belong neither directly to the boiler
nor the engine, but which require special mention. Among these
may be mentioned track-sanding apparatus, bell ringers, headlights, etc. Each of these accessories has been improved from
time to time to meet the requirements of high speeds, long runs
and quick stops, and for the purpose of lessening the labor of the
fireman and engineer.
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Fig. 2.
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TRACK-SANDING APPARATUS.
The sanding apparatus on a locomotive has become an important feature on the present locomotive, and the principle and
mechanism of a track-sanding apparatus should be as thoroughly
understood as other parts of the locomotive. The sand box and
dome casing are mounted on the top of the boiler, the details of
which are shown herewith. Fig. 1 shows the usual form of sand
837
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box and Fig. 2 the dome casing. In Fig. 1, the sand box base is
shown at 1, the sand box top at 2, the sand box cover at 3 the sand
box valve at 4, the sand box lever at 5, the sand box connecting rod
at 6, sand box pipe flange at 7 and the sand box connection sheet
at 8. This arrangement shows the usual means employed to sand
the rails, using the sand lever and valves over each sand pipe opening in the sand box.
In the more modern sanding apparatus, sand is made to flow
by compressed air which economizes the amount of sand used and

The sander as shown, is used in combination with the gravity
system of hand lever. The sand trap is divided into two compartments, with an opening between the two over the partition
separating them. The sand traps are attached to the sand box in
the most convenient manner, the sand being supplied through independent outlets from the box. The sand is discharged through
the usual hand lever controlled pipes to the rail, the lever attachments being available for use as desired. There are two pipes
between the trap and sand box, the discharge pipe to track being

Fig. 3.
LEACH "A" SINGLE SANDER.

insures delivery at the proper time. The sanding is done automatically without special attention from the engineer. The application of the brakes will sand the tracks, or if so desired, the
sanding apparatus can be made to act only on the emergency application. With the ordinary sanding apparatus, the engineer has
to pull open the lever and sand the track. Of the different types
of locomotive sanders in use, the Leach "A" sander, shown in Fig.
3, has been used widely, because of its simplicity of construction
and the small amount of piping and connections to be kept tight.
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attached to left side of trap, the air pipe being attached to the
right side. The details of a single sander trap of this type is
shown in Fig. 4. An air nozzle is screwed into the port at a
proper angle, and above this nozzle is placed a hardened steel cap
which is screwed into the trap for the purpose of withstanding the
wear of the sand. Cleaning plugs are provided for cleaning out
the trap.
When it is desired to use the hand lever, the sand will flow
by gravity direct from the sand box to left side of trap into the
sand discharge pipe. When using the pneumatic sander, the air
issuing from the nozzle in the trap will blow sand over the top
of the partition into the left side and out of the discharge pipe to
rail, the right side of trap being kept full of sand by the pipe
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leading into that side, from sand-box. This type of sander is
also made in the double pattern for supplying two lines of pipe.
Another style of sander in general use is known as the Leach
"E" sander, shown in Fig. 5. Its advantages are that it is outside of the sand box; it is accessible at all times for inspection or
when making repairs; and its operation can easily be seen. The
resistance of the column of sand, always above the trap, prevents
air pressure from escaping up through the sand box, and therefore
a high pressure is available through discharge pipes for removing

the engine is running. A plug is arranged at the bottom of the
trap so that any small stones, which may get into the trap,
can be removed. This is shown at A, Fig. 5. The amount of
sand delivered to the track is regulated by increasing or decreasing the distance C. This is done by loosening jam nut 73, and
moving the adjusting tube E, in or out. The greater the clearance
C, the greater the sand delivery. Care should be taken to have
the nozzles on opposite sides of the engine adjusted alike. When
more than one delivery pipe is connected to the same trap, some
provision must be made to prevent sand and air from going
through the shorter delivery pipe. To meet this condition, the
trap is arranged with separate compartments for each delivery.
As the greatest trouble with sanding devices has been the clogging up of the sand pipes, due to moisture entering the lower end
of the sand pipe, a device known as the "She" sander, shown in
Fig. 6, has been adopted to obviate this difficulty. This device
consists of a siphon ejector placed within the sand box. It carries
the sand to the rail with great velocity and uses a small amount
of air to operate it. The air nozzles are always out of the sand,
the siphon being in the center of the sand box where the sand is
the driest.
The siphon consists of a single casting, having a pipe connection at each end, and bell-mouthed openings each side of center
line with deflecting wings in front of openings. Above the center
line of openings are ports which connect to the air pipes. These
ports form the air nozzles, one each way. The discharge pipes
at each end of the siphon lead down to track. The air pipes
are connected, as in the other form of sanders, in the cab. When
the air valve in the cab is opened, the air issues from the nozzles
into the bell-mouthed openings, drawing the sand along with it,
and forcing it out the discharge pipe onto the rail. When the
emergency application of the brakes is used, the automatic
port in the brake valve is brought into service, and the air escapes
through that port into the pipe leading to the sanding device.
Another form of track sander in use is known as the Nathan
steam sanding apparatus, shown in Fig. 7. The operation of this
apparatus is effected by means of an ejector which supplies a
combined jet of steam and sand to the point of contact between

840

Fig. 5.
LEACh

"E"

SANDER.

obstructions in their lower ends. This is its fundamental and
most essential feature. The air nozzle can be so adjusted as to
regulate the amount of sand discharged to the rail. The nozzle
is fitted with a small check valve, preventing the air passages from
becoming plugged with sand. The discharge pipes are bent up
15 degrees, to prevent sand from jarring out of the traps when
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the driving -wheels and the rails. The apparatus for a single
sander, consists of one steam valve, one drip cock, two traps and
two ejectors. When a double sander is used, the equipment consists of one double steam valve, two drip cocks, four traps and
four ejectors.
The necessary requirements of operation of the Nathan steam
sander are, that the sand must be absolutely dry and finely sifted;
the cover of the sand-box must be water-tight, to prevent the sand
from getting wet.

The automatic drip cock is connected to steam-pipe, and
the steam-pipe is made to incline towards the drip cock in both
directions, as shown in Fig. 7. This will lead the condensed
water, resulting from a leakage of the steam valve, down the
drip-pipe, and thus prevent the freezing of the ejector pipe in
cold weather. The steam pipe is branched off to the ejector on
each side of engine at a point between ejector and drip cock.
The standard connections are made for 1-in. iron pipe for the
sand traps. The steam pipe should be fin., and connections on
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Fig. 7.
NATHAN STEAM SANDING APPARATUS.

The Nathan apparatus, as shown in Fig. 7, is applied to the
engine as follows: The sand-trap is attached to sand-box or sandpipes by means of the union couplings in the most convenient
position; the plug must point straight downward, and the air
snout must point in the direction of the delivery. The ejector
is connected to sand-pipe in such a way, that the blast will strike
in about the center betwen tire and rail. The steam valve is
attached to dome, bridge-pipe, or other high place on boiler.

ejector and drip cock will be furnished blank or cut for On.
iron, or drilled for fin, copper, according to orders. The bottom
of the drip cock is tapped for fin. drip pipe.
The method of operating consists of merely opening and
closing the steam valve.
The advantages claimed for this apparatus are as follows:
1. The certainty of delivering sand at the proper point between the wheels and rails.
2. Saving in sand by being able to regulate the quantity
delivered according to existing necessities.
3. Dispensing with rods and levers for working sand gear.
54

844

LOCOMOTIVE ACCESSORIES.

LOCOMOTIVE ACCESSORIES.

4. Capability of being applied to present sand-boxes without
any alteration.
5. Simultaneous delivery of sand at the point of contact for
both wheels, whereby the liability to injure the crank, driving
axles, and coupling rods is greatly reduced.
6. Additional train resistance avoided, as no superflous sand
is left on the rails as by the old method.
7. Economy of steam; there being no slipping or unnecessary revolving of locomotive wheels in starting engine.
Double and Triple Sanders. Heavy locomotives should be
equipped with a double sander, and where there are a large number of driving wheels, with a great amount of weight on each
wheel, a triple sander is recommended. On heavy passenger
locomotives, a double sander is generally used, both pairs of
wheels being sanded when going ahead. For engines with three
or four pairs of driving wheels, it is advisable to sand the front
pair of wheels and the main pair of wheels, when going ahead.
Sanding only the leading pair of drivers on large engines is not
good practice, because, practically the whole power of the engine
is on the small rods and pins. If engines are used for yard
service, a triple sander should be used, as it will take care of forward and backward running.

provided with a suitable admission and exhaust port, a piston
operated in a cylinder, and a piston rod connected to the bell
crank so as to impart a swinging movement. The motive power
is air taken from the main reservoir.
There are quite a number of bell ringers in use, all of which,
however, are very similar in design and construction. Some types
are provided with a threaded stem and a jam nut by which ad-

BELL RINGERS.

'

The bell on a locomotive is used for the purpose of giving
notice of the starting or approach of a locomotive. It is always
located at the top of the boiler, and is usually hung on a cast-iron
frame and run with a rope, as shown in Fig. 8, in which A is the
bell ; B, the frame; C, the yoke; D, the crank; E, the tongue; and
G, the acorn.
The duties of the firemen have increased so much with the
increased size and speed of locomotives that it bias become necessary on large locomotives to use some form of automatic bell
ringer which will relieve the fireman from ringing the bell, so
that he can devote his whole time to other duties.
An automatic bell ringer is a device whose mechanism consists of a valve having either a sliding or rotary movement, and
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Fig. 8.
BELL AND FRAME.

justment can be made, while others have a piston rod operating
like a telescope, and requiring no adjustment.
Fig. 9 shows the exterior view of the "Sansom" bell ringer.
It has no packed joints except the piston, which has a heavy
leather packing. The valve is a plug cock held to seat by a coiled
spring. The weight of the bell compresses the air in the cylinder
on the down stroke, so that it only requires a small amount of
air from the air system to lift it on its upward stroke. By controlling the amount of air supplied to the piston, any speed of
ringing may be obtained.
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A sectional view of the GoIlmar bell ringer, which has been
adopted on many of the leading railroads in this country, is shown
in Fig. 10. The feature of this device, is the automatic starter,
which may be worked by steam taken from the boiler or by air
from the air brake. It can be used to ring the bell continuously,

to rise, forcing the bell to swing. The connecting rod is shown
at C, and is so constructed as to allow the crank D to make a
complete revolution without causing the piston C to move. When
the ringer is started to work, the piston C will be driven upward,
causing the bell to swing, and the valve stem E will raise the
valve G, closing the inlet port A, and the air in the cylinder is
used expansively. On the downward stroke, the piston B comes
in contact with valve G, closing the exhaust port II, and opening
the inlet port A, after cushioning on the pressure remaining in
the cylinder.
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Fig. 10.
GOLLMAR BELL RINGER.

or it may be run at intervals as desired. The automatic starting
device causes the bell to ring immediately upon sounding the
whistle. The operation of the Gollmar bell ringer is as follows:
Pressure is admitted through the upper opening A, admitting the
pressure under the single acting piston B. This causes the piston

A locomotive headlight is a large lamp placed in front of a
locomotive to give warning of its approach at night, and also to
illuminate the track in front of the locomotive. The usual form
of headlight is shown in Fig. 11, in which A is the lamp case;
B, the reflector; C, the glass; D, the chimney; E, the burner;
and F the reservoir.
The headlight case is generally put on top of the front end
of the engine, or fastened to the front end ring with suitable
brackets. The former location is probably the more satisfactory
because of its being more accessible. This, however, is governed
by the size of the front end, length of stack, etc. The headlight
case is generally twenty-three inches wide, thirty-four inches
high and sixteen inches deep. This allows the use of an eighteeninch reflector. The case should be raised from the base about
one inch by strips under the end, to admit air for circulation.
There should be three one-inch holes through the bottom. The
door should be on the left side of the case, and should open
towards the front.
When transparent numbers of engines on the sides of the
case are used, porcelain glass, with the number of the engine cut
out of sheet steel and slipped over it, has been found satisfactory.
Ground glass shows well when clean, but it is too easily soiled.
The inside of the case and the back of the reflector should be
painted white and kept neat.
Headlight Cover. The rules call for covering the headlight
when the train is on a siding, expecting to met opposing trains,
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and there are quite a 'number of devices in use for this purpose.
The curtain outside of the case has not been found satisfactory,
because it is affected by severe weather, and the curtain inside of
the case has not been found perfectly satisfactory. A headlight
cover which has proven durable is sheet iron held in place over
the glass by three lugs on the edge of the bissell. The number of

On every engine, the headlight case should be set parallel
with the boiler, and the back of the reflector should be adjusted so
that the front edge will be parallel with the front edge of the case.
Reflectors. The reflector of a headlight is used for properly
concentrating the light and throwing it on to the track ahead. To
focus the light, the locomotive should be on a straight track ; then
move the lamp or reflector until a perfect beam of light is drawn
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Fig. 11.
OIL

HEADLIGHT.

the engine is outlined in this cover by perforating it with onesixteenth-inch holes. When the number of the engine is entirely
cut out it is often misleading, as the light shines through, making
it appear that the headlight is not covered. When not in use this
sheet iron cover is carried on the back of the case in suitable
brackets.
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together.
The back side of the reflector as well as the inside of the case
should be painted white. The headlight on an engine must be
kept clean, not only the inside of the case and the back of the
reflector, but also the glasses and reflector.
Types of Headlights.
Headlights at the present time may
be divided into three types according to whether they use oil,
acetylene or electricity.
Oil Headlights. In the oil headlight, the burner is usually
perforated so that air may be admitted to the flame. The principal precautions necessary with the use of this type of headlight
are cleanliness and proper adjustment. To properly adjust the
wick, it should be so set that the cylinder cone divides the holes
through the sides of the burner. To spread the flame the button
should set about five-eighths of an inch above the top of the burner,
and care must be used to see that the brace that holds the top of
the chimney is set so that it will hold the flue flat on the burner
and not allow air to pass -under it.
Acetylene Headlights. To supply the demand for a locomotive headlight that will throw a ray of light a considerable
distance and at the same time be economical in operation, the
acetylene headlight has been devised. It is claimed that the
acetylene headlight does not give the same blinding effect as the
electric light, but gives a more mellow light, which is just as
penetrating. It can be equipped to any oil headlight by replacing
the oil lamp with an acetylene, which obtains its supply of gas
from a tank placed on the side or front of the locomotive.
The arrangement of connections, as used in the Safety
Storage System, is shown in Fig. 12. The acetylene gas is
contained in cylinder A, at a pressure of 150 pounds per square
inch, and at this pressure contains 150 cubic feet of gas. It is

830

851

LOCOMOTIVE ACCESSORIES.

LOCOMOTIVE ACCESSORIES.

thence piped, by means of piping B, to the filling valve C, the
gauge D, and the regulating valve E. Up to this point, there
exists the high pressure of cylinder which is shown by gauge D.
The regulating valve E reduces this pressure to 2j-in. of water,
which is the United States standard burning pressure of
acetylene. The gas is led from regulating valx-e E, by means of
fin. pipe, F, F, through the handrail and thence to the headlight, H, which is equipped with a -foot burner.
The operation of the light is very simple, the gas being
merely turned on at the cylinder and lighted in the usual manner,
care being taken, however, to have the door of the lamp open

threaded joints in the low pressure piping should be coated with
black asphaltum before being screwed into fittings. The connection between the piping and headlight is made by using a piece of
extra heavy rubber tubing, which is slipped over the hose connection at base of burner riser and at end of low pressure
piping, and is wired firmly over nipples. All pipe work should be
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ACETYLENE HEADLIG HT SYSTEM.

when the gas is turned on. In order to put it out, close cock in the
headlight.
When the cylinder is exhausted, it may be either replaced
with one that has been elfarged, or it may be recharged from a
charging plant by using the filling valve, C, the pressure
contained in the cylinder being shown on gauge D.
When applying an acetylene headlight equipment, attach the
cylinder to running board of engine, or under overhang of cab on
fireman's side, by means of bolts and straps. All high pressure
threaded joints should be tinned and soldered, and the piping
firmly fastened in place. The regulating valve should be held in
place by bolts through running board or cab flooring. All
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Fig. 13.
FRONT LOCATION OF STEAM TURBINE USED WITH ELECTRIC
HEADLIGHTS.

tested by applying soap suds to the joints. Do not test for leaks
with a torch or light of any description.
When first throwing gas pressure on the system, open stud
valve, M, slowly, and after the gauge, D, has recorded full
pressure the valve M should be opened wide.
Electric Headlight. In order to overcome the disadvantages
of the oil headlight and to obtain a light which will be
projected far enough ahead to enable the engineer to see any
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impending danger in time to stop, or at least to considerably
slacken the speed, the electric headlight has been designed. It
has met with considerable success, and is being used extensively
for both freight and passenger service on many Western roads.
The equipment for an electric headlight consists of a steam
turbine, a dynamo, the proper wires, the focusing arc lamp and a
specially designed headlight case and reflector.

Edwards Electric Headlight. The Edwards electric headlight
equipment consists of four parts; first, the motor, a simpleacting steam turbine ; secondly, the dynamo, mounted on the
same axle with the turbine and designed to yield to the arc
light a current of from 30 to 33 amperes and from 30 to 33
volts; thirdly, the lamp, including the arc, the deflectors and
the case; and fourthly, the bed-plate on which the whole
apparatus is mounted.
The motive power for the Edwards electric headlight
equipment is produced by a steam turbine. The steam passes
through the governor balanced piston valve; after passing
through this valve the steam enters the nozzle; passing through
the nozzle it enters the wheel buckets, and is discharged on the'opposite side of the wheel, passing through the exhaust port, then
through the balancing ports to the exhaust opening, and from there
discharging into the smoke arch. For different boiler pressures
different sized nozzles are used.
The steam turbine is provided with a propeller wheel, which
is constructed of rolled steel. It has a normal speed of about
2,000 R. P. M. The speed of the engine is held constant, or
practically so, regardless of change of load or initial pressure, by
a governor, which is so arranged with relation to the other parts
of the engine as to be accessible. All the moving parts are encased
in a cast-iron housing, so designed as to thoroughly protect it
from the elements, dirt, dust, etc. The lubrication is automatic,
and is provided by loose rings feeding the oil to the ball bearings
from the oil wells.
The dynamo is of peculiar construction, designed for the
particular purpose for which it is used. The field is differentially
wound, and the electric circuits so arranged that a burned-out
armature is impossible. Should a short circuit occur on any
point of the circuit, the current is neutralized, and no matter how
long the engine may run or the armature rotate, there will be no
production of current whatever until the short circuit is removed.
As soon as this is done the dynamo performs its proper functions
and operates as usual. The current densities throughout the
whole machine are very low, so that a minimum heat effect is
produced, regardless of extremes of temperature, or other
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STEAM

TURBINE EQU IPM ENT FO/t ELECTRIC HEADLIGHTS
LOCATED IN FRONT OF CAB.

The generating device may be located either on the front
end of the engine forward of the stack, as shown in Fig. 13, or
it may be located on the boiler just in front of the cab, as shown
in Fig. 14. The headlight, of course, in any case, occupies its
usual position at the front of the locomotive.
Types of Electric Headlights,
There are three types of
electric headlights manufactured, the Pyle the Edwards and the
Schroeder. The tv-.4-1 former types are, however, in most general
use.
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conditions which might affect the resistance of the machine.
Low-resistance carbon brushes are used. Very large and long
journal bearings are provided, and profuse lubrication is sermred
through the medium of loose rings dipping into the oil wells.
.A.n important feature of the equipment is the are lamp with its
parabolic reflector. It is strongly made, and care has been taken
to insure a steady and constant light, free from flicker.
The vertical beam is caused to project upwards by an
auxiliary plane deflector, placed outside the goggle at an angle
of 45°, and in such a position as to intercept about 40 per cent
of the whole volume of light issuing from the parabolic reflector
and direct it vertically. This vertical beam forms a constant
warning signal, reaching to a great height, and on cloudy nights
when striking the clouds, it can be seen for many miles.
The whole apparatus is generally mounted upon one cast-iron
bed plate, which is secured at the proper place on the smoke arch
by means of brackets bolted thereon. The other connections
consist of a three-quarter-inch live steam pipe from the cab,
and the passing of a one and one-quarter-inch exhaust pipe into
the smoke arch.
The flow of current through the arc lamp is regulated by
shunt coil and series coil, as can be seen from the diagram
supplied by makers.
The shunt coil is always in circuit with the armature and
field shunt of the dynamo. The circuit through the lamp series
coil, and field differential coils, is held open at the carbon point
by springs, when the dynamo is not in operation. When the
dynamo is started, the current flows through the shunt coil, and
draws down the soft iron core suspended on the equalizer; this
releases and breaks the engagement between the pawl and
escapement wheel, thus permitting the brass column or oil cylinder to fall until the carbon point comes into contact with the copper negative. The instant this occurs a circuit is established
through the series coil, and its iron core draws down the equalizer,
thus establishing the arc.
It is always absolutely necessary that the leads from the
dynamo to the lamp be so connected as that the current shall flow
from the carbon to the copper negative. If the current be
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reversed, so as to flow from the copper negative to the carbon,
the negative will be fused, giving to the light a greenish color.
To prevent this the wire cable leads, where they connect to the
lamp binding posts, are provided with brass plugs of different
diameters, and the holes in which they are inserted in the binding
post are of suitable diameters, so that the connection at this
point. cannot be reversed.
To adjust the lamp, first have the correct speed on the
dynamo, and the commutator and brushes working properly, then
set the adjusting screw on the shunt side of the lamps so that. the
pawl will clear the escapement wheel about 1-100 of an inch;
then raise the brass tube, or oil cylinder, which carries the carbon
by means of the carbon holder support, and permit it to fall;
then adjust the limit screw, so that when the arc is established
it will hold over without breaking the circuit. If the arm breaks
when the light is started, or if, while the light is in operation,
the equalizer sets up a pumping action, giving a vibrating or
flickering light, the limit screw is set too high.
On the other hand, if this limit screw is set too low, there
will not be sufficient separation, when the light is started, and
there will be only a small red light. This also may occur when the
light is in operation and the locomotive in motion, which defect
may be easily and quickly corrected by slightly raising this limit
screw. When the are is properly established, the spring should
be adjusted by means of the nuts, so that the carbon will feed as
it burns away without breaking the arm. If "tack head" deposits
form on the top of the negative, and, breaking off, interrupt the
light occasionally, it is evident that the spring is too weak,
thus not allowing the arc to be drawn out long enough. A slight
increase of the spring tension by adjusting the nuts will correct
this fault.
It is necessary that the brass tube, or oil cylinder, guide rod,
and valve rod should be kept perfectly clean. For this purpose
a soft felt cloth should be used, never using sandpaper or emery
paper or waste, as the sand and emery will roughen these surfaces,
and the lint from the waste may clog the rack, thus preventing
the carbon from feeding properly. The engagement between the
rack and pinion should be as close as possible to prevent any lost
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motion, and yet permit the brass tube, or oil cylinder, to fall
freely; this adjustment is effected by means of screws, the flat
spring having oblong holes through which these screws pass.
The descent of the brass tube, which carries the carbon
holder, should be occasionally tested to see if it is feeding at its
proper speed. To do this, remove the carbon and raise the brass
tube, or oil cylinder, to its upper limit, then press down the equalizer and permit the column to fall. It should fall its full distance
in not less than 11 minutes and not more than 21 minutes.
The time of falling is governed by the flow of kerosene through
the valve, and if the time is longer or shorter than above
mentioned, it is due to dirt in the hole or under the valve seat.
It is therefore essential that the valve should always be perfectly
clean. The oil cylinder is filled with kerosene oil, and there may
be slight evaporation which may reduce the quantity below the
proper amount. This may not occur for six months or a year,
but when it does occur it is shown by the oil cylinder suddenly,
dropping a fraction of an inch when at the bottom of its stroke,
and when the carbon is nearly consumed. Should this happen,
remove the lamp from the case and fill the oil cylinder with the
best, clean kerosene oil.
The negative is made of rolled copper rod, and the position
of its point determines the focal point of the are in the reflector,
hence it always is necessary to set the negative with the aid of
the gauge, which is chained to the lamp.
When the point of the negative becomes flattened, concave or
rough, it should be removed and dressed to a point. In replacing
the negative be sure to clamp it firmly.
To adjust the equalizer weight, remove the lamp from the
case so as to be able to shake it violently ; disconnect spring so
that it has no tension on the equalizer; insert about six inches of
carbon in the holder, and permit its end to project through the
guide, but. not to come into contact with the negative. Set the
weight so that the pawl will be just on the point of releasing the
wheel, but will not do so when the lamp is violently shaken and
roughly jarred in any direction.
The lamp and reflector are adjustable in all directions with
relation to each other. To properly focus the lamp in the reflector,
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place the locomotive on a straight track, facing a stretch at least
a mile long, and shift the lamp and reflector until a perfect
parallel beam can be drawn without any crossing of the rays,
which produces dark spots. When the focus is properly located
on the track, the engineer should be able to see at least a mile
ahead of his engine.
One feature which distinguishes the Edwards system of
headlighting is the vertical beam of light, -which is produced by
arranging a plane reflector (mirror) outside the goggle in. such a
position and at such an angle as to intercept about one-third of
the whole volume of light and throw it skyward in a perpendicular
shaft. Aside from its undoubted spectacular quality, this vertical
beam appears to have a real value of considerable importance,
especially on steep grades or in hilly country where the track
is winding. Under such circumstances, where conditions are at
all favorable, this aerial shaft of light serves as a signal which
can be seen for a considerable distance, for many miles even, when
the atmosphere is unfavorable.
Pyle Electric Headlight. Differing only slightly from the
other types of electric headlights in use is the Pyle electric
headlight. The equipment of this apparatus consists of a steam
turbine, dynamo, lamp and three incandescent lights used in the
cab.
The engine is known as the Pyle compound steam turbine.
There are no wearing surfaces inside the engine requiring
lubrication, hence it does not use any sight feed lubricator in
the cab. Before starting the engine be sure the casing is
thoroughly drained, and do not turn on steam too suddenly in
starting the light, tans allowing time for the condensation to
get out of the engine. It must have dry steam.
Remove plug in top of engine once each week and pour in
a little black oil. This will prevent corrosion of parts. The
inside bearing only needs enough oil in the well for the loose
ring to touch the oil and carry up on top of the shaft If there
is too much oil, it will be thrown out of the ends of the cellar by
the motion of the locomotive, which may ruin the armature. The
oil well for the outside bearing should be filled each trip. Use
valve or cylinder oil in these bearings.
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The dynamo is constructed on scientific principles, so that
no sparks should be seen at the brushes. The armature is held in
place on the engine shaft by one screw, which can be easily taken
out if occasion demands. The brush holders are fixed, and the
brushes can be taken out and replaced without changing the tension of the springs. A graphite brush is used for the top and a
carbon brush for the bottom.
The mica between the copper strips of the commutator should
always be a trifle below the surface. If it gets too high, file it
down with a small file. Do not get it too low, as it will collect
dirt, etc., and cause a short circuit. The commutator should be
cleaned each trip with a damp piece of waste (not wet), rubbing
endwise so as to keep the creases clean where mica is filed out.
Be sure to have the brushes fit perfectly on the commutator.
If there is poor contact brushes will spark. If commutator is
running out, or has the appearance of getting rough, clean it up.
To do this nicely, remove the brushes and hold a strip of No. 0
sandpaper on the commutator while running. Don't press the
sandpaper on, for if there are any low spots they will increase
in size.
If the brush tension spring is too tight, it creates friction,
heat and unnecessary wear both on the commutator and the
brushes. If too loose it will spark and the commutator will not
run clean. Have it put tight enough to prevent sparking. In
this case a little judgment must be used, for if the brushes are not
in the proper condition, or commutator smooth and true, there
will be sparking at the brushes, no matter how much pressure
is used. Do not forget that the commutator is the vital part of
all dynamos, and none will run successfully without regular care
and attention. The voltage of the dynamo is entirely too low to
force a current through any portion of the human body, so that it
may be handled freely and without any possible fear of being
injured by it.
If the commutator becomes rough or out of round, it should
be trued up in a lathe. The tool used must be very sharp, and
light cuts must be taken, then polish it with fine sandpaper. It
must be carefully examined to see that no two sections touch,
as the copper is liable to lag or burr from one section to the other ;
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and before putting it back, it would be better to cut or file the mica
(between each section) a little below the surface, for it does not
wear away as fast as the copper, and if the mica is not cut away
it may lead to sparking. After doing this, be sure no ragged edges
of copper stick up, for this will cut away the brushes rapidly.
The speed of the armature should be as near 1,800 revolutions
per minute as possible, unless the copper electrode burns off,
when it should be reduced until the copper electrode does not burn.
To trim the lamp in the dark, it is much better to remove
the top carbon holder from the slide. After securing the carbon
in the holder, take it between the thumb and forefinger and with
the remaining fingers resting on the guide put it in place. If
desired to clean the reflector, remove only the top guide by loosening the thumb nut at the end of the upper arm, then remove the
guide carbon and carbon holder.
The tension spring in the lamp is for two purposes. It brings
together the points of the carbons, so as to establish the arc when
the dynamo is set in motion, for there must be a complete circuit
before there is any current. If the carbons are separated only a
small fraction of an inch, the lamp will refuse to work, because
the current will not jump across the separation. Sometimes there
will be a deposit of scale on the point of the lower copper electrode,
which prevents the top carbon touching the copper, and as the
current will not go through this scale there will be no light until
it is removed. See that the point of copper is clean before each
trip. Suppose all wires are connected and the lamp properly
trimmed, turn on steam and set the armature in motion. The
current enters the lamp, and, passing through or around the
solenoid magnet, draws down the iron armature. This in turn
separates the carbons, thus forming the arc or light. It will be
noticed that the spring is secured to the end of the lever toward
the carbons, or on the opposite end from the magnet, and pulls
against it. This prevents the solenoid from pulling the carbons too
far apart. The volume of light will depend largely on the way
this tension spring is regulated. It may be so tight that the magnet will be unable to separate the carbons, consequently there will
be no light. If the dynamo is run too long with the lamp in this
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condition it will burn out the armature or the field, for the current becomes very heavy.
If the tension spring is very loose, the lamp will flash and go
out, for the magnet will be drawn down too far. When the light
goes out the current is broken, and there being no strength in the
magnet, the spring will again bring the carbons together, then the
current is instantly reestablished. Adjust the spring so that the
lamp will flicker just a little, when the locomotive is at rest.
The wires leading back to the incandescent lamps may come
together causing a short circuit. This will put the light out.
When this occurs the dynamo will be generating a heavy current,
the speed will be quite low, and there will be a small light in the
lamp. In this case disconnect one of the small wires from
connecting screw, then look for the cause of the trouble.
Schroeder Electric Headlight. This type of electric headlight
equipment is small and compact. It is arranged for a speed of
4,000 revolutions per minute. The lamp consumes from 25 to
30 amperes of current at 30 volts, and develops upWards of 3,000
candle power without reflector.
The generator is compound wound, and incandescent lamps
are used in the cab and in the headlight case to illuminate the
signal numbers. These incandescent lights, being on a circuit
separate from the are light, are controlled by a separate switch.
With these switches in the cab, either or both, the arc and incandescent lights can be operated separately, or together. This
gives complete control of the lights from the cab, and avoids the
necessity of screening the headlight. It also has quite an advantage in running through yards, standing on switches, or in
stations, enabling the engineer or fireman to adjust his lights to
various conditions, as they arise from time to time, without leav-

ing the cab.
ELECTRIC HEADLIGHT SUGGESTIONS.
Most of the troubles are traceable to the adjustment of the
lamp.
The magnet yoke may travel too far sometimes, and strike
the small lug 'm frame of lamp before carbons are separated suf-
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ficiently to make a proper arc. In this case the wire should be
shortened so that the magnet yoke is about halfway down before
the clutch grips carbon.
If the wire is too short, the lamp will jump or tne carbon
will stick in the clutch.
If the carbon feeds too fast the top clutch spring is too weak
and should be given more tension. To do this, remove cotter pin
and get top-clutch spring out of casing. Then pull it out a little,
thereby giving it more " set."
If the light burns green the dynamo is running too fast, and
the speed should be reduced.
This can be stopped on the road at once by throttling the
steam in the cab. There is another reason for light burning green.
The main wires from the dynamo to the lamp may be connected
wrong, therefore one wire should have a sleeve on each end large
enough to prevent its going into the binding post with the small
hole. The other wire should have plain ends.
The lamp can be moved in all directions for focusing. To
get the proper vertical focus on the track, either to have the light
close to you or to strike the track far ahead, loosen the set screw •
on the side, and by turning the adjusting screw the lamp can be
raised or lowered as desired. To move it sideways, backward or
forward, loosen the hand nuts and the lamp is free to move.
When once in focus there is no need of changing it again.
Tighten all screws.
The back of the reflector is supported by an adjustable step,
with a screw to raise or lower it, so that the volume of the light
will come out in parallel lines.
Suggestions for Focusing. Adjust back of reflectors so that
front edge will be parallel with front edge of case.
Adjust lamp to have point of copper as near center of reflector as possible.
Have carbon as near center of chimney hole in reflector
as possible.
Hare locomotive on straight track, and move lamp unti;
best results are obtained on track. The light should be reflected
in parallel rays and in as small a space as possible.
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To lower light on track, raise lamp. To raise light on track,
Liver lamp.
If the light throws any shadows it is not focused properly.
If light is focused properly and does not then strike center
of track do not change focus, but shift entire case on base board.
Point of copper should be about one inch above top of holder.
If it is higher than this there will be too much heat on clutch.
Suggestions for Roundhouse Ken.
A centrifugal brake is
placed on back side of spoke of wheel, and should be set so as to
act at about 100 revolutions per minute more than where the
governor acts, so that, if for any reason, the governor fails to act,
this brake will check the speed and hold it at any speed at which
the brake is set. The application of this brake commences with
equipment No. 2,600, but cannot be applied to equipments with
serial numbers lower than that.
To adjust centrifugal brake, remove the armature and cap
to the engine, pull out wheel and shaft, when there will be free
access to brake. If it is desired to adjust brake so that it will act
at a higher speed, turn nuts to the right, being sure to adjust both
brakes the same, then tighten up jam nuts. One-half turn of the
nut will change the speed at which the brake will act about 150
revolutions.
The governor should be examined once each month, and if
the plungers are found cut, they should be ground in or faced oft
as the case requires. If plungers are cut, the engine may run
away and be broken by centrifugal force. If plungers are faced
off, the ends of governor yoke should be bent further out from face
of wheel, thereby allowing plungers to again seat firmly before
governor weights are thrown out further than at right angles to
face of wheel. If the speed is too high, adjusting screws should
be turned back half a turn each, being careful to adjust all the
screws the same. Half a turn of these screws should change speed
about 100 revolutions per minute. If by turning back governor
spring adjusting screw the speed is not reduced, the plungers
do not seat, and should be faced off.
Suggestions for Engineers. Have a few strips of No. 0 sandpaper, about 14 in, wide to clean up the commutator.
If the light fails to burn when turning on steam, see that

all screws are tight, and that point of copper electrode is clean.
Push down on lever and see if carbon lifts up and falls freely.
Put a carbon across both binding posts, and if there is a flash when
it is removed, dynamo is all right, and the trouble is in lamp.
If there is no flash when carbon is removed, take out brushes and
clean commutator with sandpaper (not emery paper), put the
brushes back and try the carbon again.
Keep all screws tight.
After putting in a new carbon, always push down on lever,
and notice if carbon lifts and falls freely. If it does not lift, it
is not in the clutch. If it does not fall down freely, turn it partly
around and find the freest place.
The carbon should burn from eight to nine hours.
Engineers should be held responsible for the proper care of
the equipments, unless some one is appointed to examine and care
for them at roundhouses.
Before leaving on a trip the equipment should be started
and brushes examined as to tension of springs, and adjusted if
necessary before getting out on the road.
These equipments are not automatic, and as there are quite
a number of enemies to electricity on the locomotive, such as
grease, dirt, jar, heat, etc., it is necessary to give it a few minutes'
attention each day.
Don't attempt to remove reflector from the case until the top
carbon bolder is removed by loosening thumb nut.
If the copper electrode burns off, equipment is running toc
fast, and the speed should be reduced by turning governor spring
screws to the left until the trouble is stopped. Be careful and
adjust all screws the same, as nearly as possible. One-half turn
of screws will change speed about 100 revolutions per minute.
Be sure to adjust tension spring as loose as possible, and not
have the light go out while locomotive is standing still.
If light dies down when locomotive is running fast, the
tension spring may be too tight, which prevents solenoid from
separating carbons sufficiently to form proper arc, or top-clutch
spring may be too loose, allowing back edge of clutch to be jarred
up and release carbon.
If the light goes out when the locomotive is standing still,
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the tension spring may be too loose or carbon may not feed freely.
If electrode does not come in line with the carbon, the holder
should be bent until electrode comes in line with top carbon.
If light burns green on the road, throttle steam at once.
Both ends of one lead wire should be doubled about one inch,
so that it cannot go into binding post with the small hole, and
thereby prevent crossing of wires.
Special motor brushes should be used with the improved
brush holders, top and bottom brush being of the same quality.
The graphite and carbon brushes used with the old style brush
holders should not be used with the improved brush holders, nor
special motor brushes in the old style holders.
Objections to Electric Headlights. Among the objections that
have been raised to the use of electric headlights on locomotives
is this one, that owing to the very brilliant light, the engineer
would not be able to distinguish the different colored signals, but
practical experience seems to refute this idea.
Another objection is, that on a double track road there is
danger of blinding an approaching engineer. There is a good
ground for this latter objection, and to guard against this contingency, the apparatus is provided with a translucent shade
within the goggle, which may be drawn at will by the engineer
when he is at the proper distance from an approaching engine.
This shade destroys the strong glare of the light, giving the effect
of frosted glass. As soon as the approaching train is passed the
engineer releases the shade, and again gets the full value of the
light.
Electric Headlight Failures. At least fifty per cent. of the
electric headlight failures are due to the improper manner in
which the carbon is applied. Carbotis are molded, and ,.sninetimes
it is found that there is a little more stock at one point than another. When the arc is formed and the carbon is burning away, the
arc gets larger, and less current. passes from the carbon to the eketrade. The corresponding amount circulating in the solenoid tends
to weaken the magnetic pull on the levers and clutch that are suspending the carbons, and at a certain point it. grows weak enough
to release the latter, when it feeds down or falls of its own weight.
If this carbon is a little rough or out of round, it will be held up

so far away from the electrode that the current cannot flow across.
Then the circuit will be broken, and the light will go out.
When applying new carbons, remove the top carbon holder
from the lamp, then replace the carbon in the clamp, return carbon and clamp to the holder, release it and note if it will fall
freely of its own weight and entirely through the clutch. If it
will not, then turn the carbon around until a position is found in
the clamp where it will, then return holder to the lamp, and it will
be found that it will not be necessary to "jar" the lamp, which
will sometimes remedy this trouble. The point of the carbon
must be set true over the point of the electrode to get a good arc.
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REVIEW QUESTIONS.
LOCOMOTIVE ACCESSORIES.
1. When and under what conditions should sand be used
on a track ?

2. Describe the general arrangement of a sand-box ?
3. What are the particular advantages of the sanding apparatus ?
4. Name three different kinds of sanding apparatus with
which you are acquainted.
5. Describe briefly the construction and method of operation of the Leach "A" sander.
6. What is the greatest trouble encountered when sanders
are used ?
7. Give the method of operating the Nathan sander.
8. When should double and triple sanders be used on locomotives?
9. Of what use is a bell on a locomotive, and when should
it be rung?
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10. Why are automatic hell ringers used?
11. Describe briefly the principle of operation of the Sansom bell ringer.
12. Of what use is a locomotive headlight
13. Of what use is a reflector on a headlight?
14. When should the headlight on a locomotive be covered
at night ?
15. Name three different kinds of headlights which may
be used on a locomotive.
16. What are the principal objections to using an oil headlight ?
17. Describe briefly the acetylene headlight system.
18. What are the particular advantages of the electric headlight ?
10. When an electric headlight is used, where is the generating device usually located?
20. Name three different types of electric headlights with
which you are familiar?
21. Describe briefly the construction of the turbine as used
on the Edwards headlight.
22. How is the lamp adjusted on the Edwards electric headlight ?
23. What is the particular feature which distinguishes the
Edwards system of headlight?
24. If the commutator of the generator becomes out of round,
how should you remedy it ?
25. Suppose the mica between the copper strips of the commutator should be too high, what would you do?
26. How often should the commutator be cleaned?
27. What are the principal objections to electric henaglits?
28. What is the principal cause of electric headlight fail-

Locomotive Tenders and Water
Scoops.
Locomotive tenders are used for the purpose of carrying a
supply of fuel and water for locomotives while they are running.
The usual construction is shown in Figs. 1, 2 and 3, which represent the side, top and end view of a modern steel riveted tender.
The frame is made of steel channel bars A, A, and is mounted on
a pair of trucks B, B. The top of the frame is covered with a
floor, C, C, upon which a sheet iron tank D D is placed, which
carries the supply of water. It is made in a horizontal V-form,
so that the space between the two legs of the V can be used for
fuel. Around the upper edge of the tank a rim E, E is riveted,
so as to prevent the fuel from falling off when it is filled up
above the top of the tank.
Locomotive tenders are usually filled at water stations with
a leather or canvas hose connected to a pipe or tank which furnishes a supply of water. The tank has an opening F on top
called a " manhole," or " filling funnel," into which the hose is
inserted, and a stream of water is then allowed to flow through
the hose into the tank of the tender. The tank which supplies
water to the tender is usually higher than the tender, and the
water is generally pumped into this tank, so that it will run into
the tender. To avoid frequent stops for water, express passenger locomotive tenders are usually equipped with what is called
a " water scoop" for taking water while the engine is running.
This consists of a bent tube, G, G, which is attached to the under
side of the tank and extends up inside of it to the top. A long
trough is laid between the rails, and is filled with water. The
lower end of the bent tube or scoop has a joint or hinge at I, so
867.
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(a)

SLOE VIEW OF ASTEELRIVETEDTENDER.

that it can be lowered into the trough, and the lower end J will
then dip a few inches into the water. The motion of the engine
forces the water up the tube G, G, and it is discharged into the
tank at K.
The end of the scoop is lowered into the water by means of
a shaft L, which has two arms, M and N, located above the lower
end of the scoop. One of these arms, N, is connected by a link,
0, to the movable part of the scoop, and the other arm, M, is
connected by a rod to a lever P Q R The fulcrum of this lever
is at Q, and it has a handle R at the top. By moving the upper

Fig. 2.
ToP VIEW OE TENDER.
end of the lever backward the scoop is lowered, and by moving
it forward the scoop is raised.
From the water tank on the tender the water is conducted
to the engine by means of a rubber hose, 8, which is connected
to the pipe on the engine which supplies the injector with water.
This hose may be connected to the tank direct, or it may be attached to an auxiliary tank located below the main tank. The
auxiliary tank is used to prevent air entering the injector
when the main tank is nearly empty. The water pipe from the
tender to the engine is closed by means of a valve, which closes
the opening in the auxiliary tank. The valve is covered with a
hood or strainer, which is used for the purpose of preventing dirt

■
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from entering the hose, and thus getting into and obstructing the
pump or injector.
The interior of the water tank contains transverse plate;
X X, called swash plates, which resist the movement of the water
in the tank when the engine stops and starts suddenly. The sides
of the tank are generally braced or stayed with rods or bars, and
T-irons are also used to stiffen them.

J is
enough to clear the collar G, so that it can be removed.
dust guard which prevents dust from getting to the axle and oil

Fig. 4.
TENDER AXLE

Box.

from leaking out. The lower portion of the axle box, L, is usually filled with cotton or woolen waste saturated with oil. This

Bearings and Axles. The construction of the axle boxes is
shown in Fig. 4. The bearings are placed outside of the wheels
because they can be more easily oiled and repaired. The journal of the axle is shown at A. It is enclosed in a cast iron box
K, K, which is open front and back. The front has a cover H,
which is either fastened by a spring or is bolted to the box. D
is the journal bearing which rests against the bearing key E,
which is so arranged that the brass bearing can be raised high

Fig. 5.
BEARING AND

Box

FOR TENDER AXLE.

constantly presses against the axle, and thus keeps it oiled.
Another form is shown in Fig. 5, where A represents the box
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itself; B, the tender truck box brass; C, the tender truck box
wedge, and D, the tender truck box lid.
Tender Trucks. The tenders are supported on trucks, which
may be made of either wood or steel. One type of wooden truck
is shown in Fig. 6, where 1, is the channel bar; 2, top bar of
frame; 3, truss bar of frame; 4, bottom bar of frame; 5, wheels;
6, side bearings; 7, frame-filling piece; 8, center plate; 9, truss
plate; 10, truss washer; 11, bolster guide; 12, spring seat; 13,

axle; 3 and 4, the tender truck arch bars; 5, the tender truck tie
bar; 6, the tender truck center pin; 7, the tender truck bolster;
8, the tender truck bolster end casting; 9, the tender truck bolster guide; 10, the tender truck bolster guide block; 11, the tender truck spring; 12, tender truck spring plank; 13, tender truck
spring plank casting; 14, tender truck side bearing.
Tender Brakes. While all locomotive tenders are equipped
with air brakes, they are also supplied with hand brakes, which
may be used in cases of emergency. Fig. 9 represents the usual
construction of a tender brake. 1 is the shaft; 2, the handle;

a

Fig. 7.
STEEL TENDER TRUCK.

brake elevis; 14, brake beam safety chain. A tender truck made
of steel is shown in Fig. 7. The frame is shown at 1; the crosstie at 2; cross-tie brace at 3; pedestal at 4 ; pedestal cap at 5;
equalizing beam at 6; spring at 7; spring link at 8; spring link
seat at 9; center plate at 10; frame-filling piece at 11; side
bearing at 12; brake hanger at 13; brake clevis at 14; safety
chain clevis at 15; spring washer at 16.
Another form used on light locomotive tenders is shown in
Fig. 8, where 1 is the tender truck wheel; 2, the tender truck

3, the hanger; 4, the step; 5, the pawl; 6, the ratchet ; 7, the
plate; 8, the eye bolt ; 9, the beam; 10, the lever; 11, lever rod;
12, lever jaw; 13, washer; 14, the head, and 15, the brake shoe.
Tender Frames. Tender frames are usually made of steel
girders, which are riveted and bolted together as shown in Fig.
10. The tender draw heads are shown at 2 and 3; the tender
frame center pin at 4; the tender frame chafing iron at 5; the
tender frame chafing iron pocket at 6; the tender frame side
bearing at 7; the tender frame push pole pocket at 8.
Tender Tanks. While the largest number of locomotive tanks
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are supported directly on the tender frames as shown in Figs. 1,
2 and 3, light locomotives often do away with the use of the tender, and carry their water and coal supply directly on the engine
trucks. When this method is resorted to, the water tank is carried directly over the boiler, and is known as a saddle tank. A
saddle tank of this kind is shown in Fig. 11, where A represents
the saddle tank complete, B, the form of saddle tank cover used

3
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so that the steam which would otherwise escape is utilized for
warming the water.
Capacity of Tender Tanks. The capacity of a tender tank
varies according to the size of the lodomotive and the service
which it is called upon to perform. For switching engines and
engines engaged in short passenger runs, the tanks are generally
comparatively small. Engines used for long passenger runs or
heavy freight runs require large tanks. In general practice, it

I "0

Fig. S.

Fig. 9.

TRE-OIK USED ON LIGHT LOCOMOTIVES.

TENDER BRAKE.

when made of sheet iron, and C a form of saddle tank cover
used when made of cast iron.
Tender tanks, used in districts where the water is liable to
freeze, are provided with steam pipes which keep the water in the
tank at a temperature above freezing. This heater generally
consists of a coil of pipe of about 11 inches in diameter. The
steam flowing into the coil is regulated by a valve located in the
cab. In some instances, the coil is connected to the safety valve,

will be found that the capacity of the average tender will vary
from 2000 gallons for light service to 8000 gallons for heavy
service.
When calculating the capacity of the tank, the horsepower
of the locomotive and the length of run must be considered. The
horsepower of the engine will depend upon the weight of the
train, the speed at which it is run, the size of the engine cylinders
and the grades that are to be overcome. For ordinary caleula56
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tions, it is usual to assume that a locomotive requires about 35
pounds of water per horsepower per hour, so that if the resist-

in which R=resistance of train in pounds per ton and V=
velocity in miles per hour. The total resistance in pounds may
be obtained by multiplying the resistance in pounds per ton by
the weight of the train.
The horsepower may then be calculated from the formula:
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Fig. 10.
TENDER FRAMES.

ante of the train be found, its horsepower may be calculated,
and consequently its water consumption for a given time be arrived at.

The resistance of a train may be calculated from the formula:
V
4

H. P.= SXT
33,000
in which S=speed of train in feet per minute and T=total train
resistance in pounds.
Suppose, for instance, the capacity of a tank is required for
a locomotive which pulls a train weighing 300 tons a distance of
100 miles at an average speed of 60 miles an hour. From the
above formula, it is found that the resistance per ton is 17 pounds.
Since the train weighs 300 tons, the total resistance is equal to
5100 pounds. The speed being 60 miles per hour, or 5280 feet
per minute, the horsepower is obtained by multiplying 5100 by
5280 and dividing the product by 33,000. The result of this
calculation gives 816 horsepower. Allowing an efficiency of 75
per cent for the engine, the total horsepower of the engine will be
equivalent to 1088 horsepower. Since each horsepower consumes
35 pounds of water per hour, the engine will consume 1088X35=
38,080 pounds per hour. Since the trip will consume about two
hours, the capacity of the tank must be at least 76,160 pounds.
Since each gallon of water weighs 8.3 pounds, the number of
gallons of water which the tender tank must hold is 9176 gallons.
Any other set of conditions may be calculated in exactly the
same manner.
As will be seen, this requires a considerable amount of water,
so that on heavy runs of 60 miles or more it is usual to provide the
road with track tanks, which allow the tender to take on water
while the train is in motion. This is accomplished by means
of a tank placed in the center of the track between the rails. This
tank is made from four to six inches deep, and its average length
is about one-quarter of a mile. It is always located on a level and
straight stretch of track. When the tender is over the tank,
water is taken up by means of a scoop, the inertia of the train
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forcing the water up into the tank. As soon as the tender is
over the track tank, the scoop is lowered, and when the tank is
filled, or when the train approaches the end of the tank, the scoop
is raised by the fireman. This is done by means of a lever shown
in Fig. 1. The amount of water delivered to the tender varies
with the speed of the train. It is usual on high speed trains to
slow dow-n to at least 40 miles per hour, at which speed it is possible to take on water without injury to the apparatus.
Tenders are also equipped with tool boxes, in which may be
kept small tools, signals, etc. The coal is held in position by
means of gates or boards, which may be dropped into grooves in
the side of the tender as occasion requires.

Corrosion and Incrustation
Ordinary water is not simply a compound of two parts of
hydrogen to one of oxygen, but in its natural state it always contains a great many other things than these two gases. Sometimes
it contains free nitric and sulphuric acids. River water, as a
rule, is heavily loaded with vegetable and organic matter, and
nearly all lake waters contain limestone. Artesian and spring
waters often contain soda as well as other foreign matter. These
mineral substances arc dissolvel by the water in passing through
the soil. A complete list of the common impurities is given below.
Weight of Impurities in Water. The weight of the impurities in water varies greatly, but in moderately good
water it is often from 20 to 50 grains per gallon. As an illustration of the kind and amount of impurities found in boiler
feed waters the following analysis may be taken as a fair sample:
.105 grains per gallon
Silica
..
.362
If
it
Oxide of Iron and Alumina
IL
13.'794
Carbonate of Magnesia
"
14
Carbonate of Lime 11 491 "
Sodium and Potassium Sulphate.— 3.569 " "
Sulphate of Lime
Trace "
Sodium and Potassium Chlorides-- 3.300 Grains "

Total Solids

32.6 9 1

"

Li

ge

The total solid matter amounts to 4.75 pounds per 1,000
gallons. A IL S. wine gallon of 231 cubic inches is standard.
A grain is one-seven-thousandth of a pound, hence a locomotive steam boiler, evaporating 600 gallons of the above-mentioned
water per hour (about 160 horse power) would collect a deposit calculated as follows:
600 (gals.) x 4.75 (lbs.) _
2.85 pounds.
1000 (gals.)
870
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This is the approximate amount of impurities collected in
one hour. Part of this would form sludge and the remainder
would be converted into hard scale. If this boiler were worked
a week of 60 hours, there would collect 80X2.85=171 pounds
of solid matter. In less than three months this would amount to
more than one ton. The following table shows the principal impurities to be found in waters, some of them being in all waters,
and all of them in some waters. In the usual order of their
importance, together with their effect, they are:
IMPURITIES.

Sulphate and Bi-carbonate of Lime
.
(most common of all) .
Sulphate, Chloride and Bi-carbonate of
Magnesia .
.
.
Chloride of Sodium and Carbonate of
Soda .
.
.
.
11i-carbonate and Peroxide of Iron .
Dissolved Carbonic Acid and Oxygen
Sediment, Mud, Clay, etc.
Organic Matter, Sewage, etc.
Grease
.
.
.
.
Nitric and Sulphuric Acids

CAUSING

Hard incrustation.
Incrustation and possible corrosion.
Priming, foaming, and incrustation.
Incrustation and corrosion.
Corrosion.
Incrustation.
Priming, scale or corrosion.
Corrosion.
Corrosion.

Scale. By scale is meant an incrustation on the inside of
the boiler on the submerged or water-covered surfaces. This
scale is hard as rock and formed of lime, chalk and iron. These
solids are actually a part of the original water, and cannot be
detected by the eye, yet they are always left behind by the steam,
and rapidly accumulate unless some means are taken to get rid
of them. This point can be made evident to anyone who will
take half a glass of ordinary clear water and place a teaspoonful of salt in it. After stirring for a few minutes, the salt will
entirely disappear and the water will be as clear as before. It is
in this way that nearly all solid matters are contained in feed
waters. It is this condition that exists when solid matter is said
to be in solution. If the water in the glass is allowed to evaporate,
the salt is left behind. In the same way the solid matter is left
in the boiler when steam is formed. Sometimes impurities exist
in water, but are not in solution. In this case they are held in
suspension. This occurs in common muddy water, which is
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simply clear water discolored by particles of dirt floating around
in it.
The evil effects of imEvil Effects of Impure Feed-water.
pure feed-water may be explained under three principal heads:
( 1 ) Loss of Fuel; (2) Loss of Power; and (3) Danger. These
conditions would exist in the average locomotive if no means
were taken to purify the water or to prevent the scale from
forming. The troubles and their causes are fairly well understood, and the proper method of treatment is described further
along in this section.
Loss of Efficiency Caused by Scale. Both scale and sediment
are poor conductors of heat, compared with iron, and their presence in a steam boiler will materially increase fuel consumption
in the generation of steam. The loss of fuel caused by a coating
of scale on the heating surface of a steam boiler varies considerably because it depends on the composition of the scale; some
being much more heat-resisting than others. Some scales resist
beat one hundred times as much as a boiler plate of the same
thickness. A layer of scale as thick as I inch often causes a loss
of 35 per cent of fuel; while, if it piles up as thick as inch, it
may cause a loss of over 60 per cent.
Not only is there a loss in fuel, but there is a diminution in
the evaporative power due to scale. It has been estimated that
there is a reduction of from 2 to 4 per cent a week in the quantity
of water evaporated per pound of coal, when working with good
water and coal, due to accumulation of scale. A boiler after
working for four weeks would probably evaporate 8 to 16 per cent
less water per pound of coal than when in a clean condition.
Even coal-mining concerns, who reckon that fuel costs them
nothing, take pains to remove the scale, as they want all the
power their boilers can give them.
The -waste of fuel and loss of power caused by a thick scale
are so great that it is always expedient to incur the expense of
purifying feed-water that contains much scale-forming matter.
The statement that a little scale is good for the boiler is often
heard, and this is trus when the feed-water is of a corrosive nature. The effect of corrosion is more insidious and injurious
than scale, and it is consequently advantageous to permit the for-
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mation of scale of the thickness of an egg-shell as a preventive
against corrosion.
Overheating Caused by Scale. With the loss of heat occasioned by the presence of scale arises the danger of overheating
the boiler. The heating frequently causes burnt furnace plates

Corrosion. By corrosion in steam boilers is meant the eating or washing away of the plates due to the chemical action of
impure water. Gases absorbed by water, such as sulphurated
hydrogen and carbonic acid, are very active in the corrosion of
boiler plates. Grease and organic matter also promote corrosion.
Even the purest waters, however, when containing air will cause
this wasting. More or less air will be found in all waters, and
this air escapes into the steam space when liberated by boiling.
Air is heavier than steam, consequently it collects in bubbles, and
if much is present it forms a layer between the water and steam
and rapidly corrodes the plates in the vicinity of the water line.
Care should be taken to prevent the feed-pumps drawing air.
Examples of corrosion are shown in Figs. 4 to 7. Corrosion is probably the most destructive of the various actions
which tend to shorten the life of a boiler, and it may be classified
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Fig. 2.

Fig.

and bulged furnace crowns, as shown in Fig. 1. The heating
increases the unequal expansion of the structure, which has a
weakening effect, and frequently causes blistering or cracking
of the boiler. The consequent wear and tear entails expense in
loss of heat and time and in repairs.
In some instances the boilers are choked with scale and the
circulation of water retarded. The tubs then become overheated

Fig. 3.
from lack of water, and ruptured, as shown in Figs. 2 and 3.
Scale is thus a frequent contributing cause of boiler explosions.
Again, the coat of scale may hide a dangerously corroded piece
of plate or a defective rivet head, which would otherwise be
discovered. Other impurities in water may be of a corrosive nature, and these are always dangerous.

11W.
,

Fig. 4.
as (1) internal, and (2) external. Internal corrosion may be
present as uniform wasting, pitting or grooving.
In cases of uniform corrosion large areas of plates are attacked and eaten away; there is no sharp division line between
the sound boiler plate and the wasted part; and often the only
way to detect it is by drilling a small hole through the suspected
plate and measuring the thickness. An instance of this is shown
in Fig. 4, the dotted line showing the outline of the plate when
new.
Pitting. Pitting proceeds from the same cause as corrosion,
but is the result of the chemical action becoming intensified and
contracted at a particular part. This defect can readily be perceived by holes and cavities from v12- inch to inch deep, as is
shown in Fig. 5.
When the pitting is regular over an area of the plate, as
though a charge of shot had been fired into it, it is known as
honey-combing.
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Grooving. Grooving or furrowing is due to the action of
corrosion on a surface at a point at which expansion or alteration of shape is localized. Many boiler explosions have been
caused by corrosive grooving. A shell thus weakened is shown
in Fig 6. Corrosive grooving may take place in the end plates
in the vicinity of anglehoops, as shown in Fig. 7. In the case
of Fig. 6, the common lap joint is distorted slightly from the
true cylindrical form, and the steam pressure tends to bend the

In those vicinities, such as Pittsburg, where acids are commonly
found in the waters, the water should be treated in some way.
Refined mineral oil has been found effective in preventing
corrosion in steam boilers using acid feed-water. Only the best
refined mineral oil having a vaporizing point of at least 600°
F should me used. By its use the interior becomes coated with
a thin film of oil which protects it against corrosion. When
this oil is used, a portion of the water should be blown off daily,
and the boiler should be frequently examined to ascertain the
effect of the oil. Painting with graphite has in some cases been
effective in stopping corrosion.
Galvanic Action. There is no doubt but that a considerable
amount of corrosion in boilers is due to galvanic action; that is,
the generation of electricity. Whenever two different metals are
placed in a solution capable of acting chemically on both of them,
and are in metallic contact, a greater or less electrical current is
set up, and one of the metals is rapidly attacked and wasted
away. This is known as the positive, and in galvanic battery
work iron is always positive in the presence of copper. The inactive plate is known as the negative. Iron is both positive and
negative in the absence of other metals. In the presence of zinc ;
becomes negative. Zinc then is an effective pro- howevr,in
tector from one form of corrosion. A small quantity is sufficient, a good proportion being a slab 12x6x4 inches to every
70 H. P. These slabs are usually attached to a stay, and should
be removed at regular intervals. Galvanic action is not nearly
so common as some people seem - to think, and it is doubtful if
the action on the zinc slabs is always electrical, yet, if the corrosion of the boiler plates is lessened, their use should be continued even though the action is not fully understood.
Grooving can be prevented to a certain extent by the above
remedies for corrosion. In addition, the excessive strains caused
by expansion, and so often giving rise to grooving, can be reduced by more careful firing. Also those joints liable to cause a
buckling action should be avoided in the design. Any abrupt
change in the temperature of the shell, such as might be caused by
delivering cold feed-water on hot plates, emptying the boiler
while hot, etc., is almost sure to cause leakage at the seams.

Fig. 5.

Fig. 7.

plates at the joint. This bending action is liable to start a small
crack, which soon deepens into a groove when acted upon by the
corrosive agents in the water. When a thick layer of scale occurs, unequal expansion is liable to crack it and expose a fresh
surface to corrosive action, and thus grooving appears.
Prevention of Corrosion. To prevent corrosion all feedwater known to contain corrosive impurities should be avoided
if possible. When bad water must be used, the impurities should
be neutralized by adding alkaline substances, such as "soda."
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Corrosion Affected by Character of Boiler Material. Another
factor having an important bearing on the wasting away of boiler
plates is the material of which they are made. It is a fact of
observation that corrosion sometimes takes place on the tubes,
sometimes on the bottom surfaces, and occasionally it will be
localized in a few spots. Generally, the action is very irregular,
and without doubt is frequently due to the character of the
metal. The metal should be homogeneous in composition and
texture, should be well worked, thus making it fibrous rather
than crystalline, and all scale and dirt should be removed from
the surface.

Prevention of Incrustation. All methods for preventing
scale may be divided into two classes : (1) chemical, and (2)
mechanical. Under chemical means, the method of precipitation by heat is included. Water will not hold some solids in
solution when it is hot, 200° or more, and, consequently, these
impurities precipitate out usually as a whitish or grayish mud.
With higher temperatures, considerably more impurities can be
removed, principally the sulphate of lime. This chemical corn.
pound is known as plaster of Paris, and is precipitated at a
temperature of 300° F.
Boiler Compounds. The necessity of purifying feed-water
led to the introduction of innumerable chemical compounds, for
the prevention or removal of scale from boilers. These "compounds" usually contain lime or soda, or a mixture of both ; but
caustic soda forms the basis of most compounds, and is the real
efficient remedy in nearly all of them. Organic substances, such
as sumac and oak bark, are used successfully in some cases,
but they are not suitable for all kinds of water. The soluble constituents are dissolved by the water, and basic tannate of lime is
formed, which separates as a loose deposit, and does not form
scale. Waters vary so much in the kind and quality of their
impurities that there is no universal specific for purification,
and different waters require different treatment, a chemical
examination being a necessary preliminary to remedial measures.
Carbonates of lime and sulphates of lime are so common,
and cause so much trouble, that their treatment will be explained
in more detail. The common foe of these impurities is soda. Under
this name (soda) several substances are. used as preventives of
scale in steam boilers. The cheapest and most common is carbonate of soda ("soda-ash"), which comes as a white powder.
When "soda-ash" is crystallized by dissolving in water, we have
"sal-soda." This is commonly known as "washing soda," although
this term, or "washing powder," is also applied to a form of "sodaash." Caustic-soda is an opaque white, brittle solid made by
heating carbonate of soda with slacked lime. A solution of caustic soda in water is known as soda lye. For ordinary cases, .40
pounds of soda-ash, .60 pounds of sal-soda, or .35 pounds of cans-
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INCRUSTATION.
In nearly every section of the country the water has a different class of impurities, but the most common are the limes
and magnesia. These substances are the principal cause of
incrustation (hard scale formation) in boilers. Carbonate of lime
(marble) and magnesia are almost insoluble in pure water, but
dissolve readily in water containing carbonic acid gas. This
gas is driven off by boiling, and the lime and magnesia, before
held in solution, are now thrown down in the solid form as insoluble deposits. A part of this mineral matter is deposited in the
form of a fine powder, which forms mud or sludge, and the
remainder settles on the plates of the boiler as hard scale.
The impurities are not all set free from the water at the same
temperature. Thus the carbonates of lime are precipitated at a
temperature of from 180° to 250° Fahrenheit, while the sulphates of lime are not released until a temperature of from 300°
to 400°, corresponding to about 150 pounds pressure, is reached.
The small solid particles, when set free, remain for a time
suspended in the water, being carried around by the circulation, but gradually they settle down on tubes, plates, and other
internal surfaces. The lime matter then becomes scale, which
soon bakes to the plates, and, if no means of prevention are
used, a crust from 1-16 inch to inch thick will soon be formed on
the inner surface of the boiler. The great disadvantage and
danger of such a condition have already been pointed out. Some
impurities do not give rise to as troublesome a scale as others.
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tic soda, per 1,000 gallons of water will be sufficient to precipitate
most of the scale-forming matter.
It is best to make a solution of the soda and feed to the
boiler continuously. The impurities are sometimes removed by
precipitating in large storage reservoirs, into which only cold
water is fed. It takes longer time and more space than the hot
water treatment, but is economical where land is cheap and large
volumes of water must be handled, as along many of the Central
and Western railroads.
The cost of treatment with soda is very low, only about
one grain of soda-ash being required for each grain of sulphate.
Thus, if there are seven grains of sulphate per gallon of water,
it would require about one pound of soda-ash per thousand gallons. Six thousand gallons would supply 160 H. P. boiler a day
of ten hours. The cost would then be less than ten cents per
day. If there are any free acids present, they should also be
neutralized by an additional amount of soda. An excess of soda
will impair the steaming facilities, and will also have a corrosive
effect on the iron. This is indicated by foaming, leaks, and
the white salts of sodium oozing out through the joints, water
gauges and other boiler connections. By means of chemicals, the
water that has been treated can be tested, and the reaction shows
at once whether the proper amount of soda is being used.
The soda can, of course, be fed directly to the boiler, and
it will precipitate the scale-forming materials in the form of a
powder or mud in a flocculent form, thus preventing the adhesion of the particles and the building up of scale. Gradually,
however, there is a loose mud or sludge deposited, which is only
a little less harmful than the scale.
Some waters already contain soda, and in one instance as
much as ten grains per gallon of the carbonate were found. Of
course, no further addition of the chemical is needed, and the
treatment should be reversed; that is, carbonate of lime should
be added.
Carbonate of magnesia is not so common as the lime salts,
but when present can be dealt with in the same way.
Use of Zinc. Besides preventing corrosion, zinc has been
used with success in some eases for preventing scale due to bard

waters. It causes the lime deposit to become pulverulent instead
of forming into hard scale. Zinc does not prevent hard scale
formation when organic matter is present. An incrustation composed of zinc oxide and other sediment is liable to form, which
may cause overheating. If zinc is used at all, the boiler should
be frequently examined, and its effects noted.
Use of Mineral Oils. Mineral oil rapidly dissolves scale,
and is effective in preventing the formation of scale in some
instances. Kerosene oil, used for this purpose, should be of the
best refined quality, having a vaporizing point much higher than
the temperature of the steam in the boiler. For ordinary cases
It should,
a quart per day for 100 horse power is sufficient.
however, at first be used in smaller quantities, the effect carefully noted, and the quantity increased if necessary for obtaining the desired result. It should be fed little and often, or
continuously, like a sight-feed lubricator. Although quite satisfactory in loosening up the scale, it is apt to cause leakage at
the seams. Caution should be observed on entering a boiler in
which kerosene has been used, as dangerous inflammable gases
may be present.
Although this last treatment is included under "chemical
methods," there is no chemical reaction whatsoever, the action of
kerosene being purely mechanical, following the laws of capillary
attraction. Kerosene, being light and volatile, penetrates everything of a porous nature, such as lime, magnesia, etc., thus softening the scale.
Surface Flow-off Apparatus. Many impurities are held in
suspension and float as scum on the water for some time before
settling. This fact has led to the use of the surface blow-off
apparatus. Floating skimmers are placed in some boilers to
collect continuously the floating impurities, and by piping conduct them to a receiving chamber outside the boiler, where the
sediment separates out and the clear water returns to the boiler.
This method is satisfactory, especially if there are many floating
impurities, and also because it saves much of the beat that would
be lost by blowing down. Foaming is sometimes caused by accumulation of grease, lime, and other foreign matter. The surface blow-off or skimmer is especially beneficial in these cases.
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There are many districts throughout the country where the
boiler waters in use contain impurities of a nature to cause
foam ings. Because of the small amount of hard scale-forming impurities, however, and the recurrence of the difficulty only
at certain periods of the year, it sometimes becomes undesirable
to treat the water in a purifying plant, or otherwise, and dependence is placed altogether upon frequent blowing down of the
boiler and numerous washouts to overcome the trouble.

being estimated at 50 hours saved between every washout when
equipped with the skimmer.
The construction and application of the device is shown in
Fig. 8. It consists of a short U-shaped trough, which includes
in the same casting a 2 inch pipe below the trough with 5-16 inch
cored holes between. This trough is located just above the average
water level around the throttle pipe, and has a connection on
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Barnes Skimmer. For such conditions a skimmer and its
connections bare been designed by Mr. J. B. Barnes, superintendent of the locomotive and car departments of the Wabash
Railroad, and successfully applied and used by him for several
years. A 21x26 inch Atlantic type locomotive, which, before
being fitted with this device, required a washout at the end of
every 1,000 mile run, was easily able, after the application of
the skimmer, to make a mileage of over 8,000 miles between
washouts, resulting not only in a saving due to the cost of washing out and the water lost, but also in a much greater saving in
connection with keeping the locomotive in service, this saving

Fig. 9.
BARNES BLOW-OFF VALVE.

either side through 2 inch wrought iron pipes to especially designed blow-off valves, located outside of the boiler shell.
The blow-off valve, which is shown in Fig. 9, is made completely of brass with the exception of the spring, which is of
German silver wire, and the lever, which is malleable iron or
cast steel. The valve and its stem are cast integral, the part
above the seat having four wings, which fit into a projection of
the nut, forming a guide for the upper part, and the stem proper
passing through the valve body, forming a lower guide, which
57
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insures the square and proper seating of the valve. It is operated
by a lever from the cab, and the spring insures positive seating
when the lever is released.
When the locomotive is working and starts to foam, there
is a rush of water upward around the throttle pipe, and on such
occasions the opening of the blow-off valve forms a counter circulation which draws the water away from the throttle and prevents it being carried over into the cylinders. From experiments
which have been made, it appears that at the same time the impurities causing the foaming, which naturally arise to the top
of the water, are carried away by this skimmer, a fairly large
part of the scale-forming impurities are also blown off, and the
boilers so fitted do not appear to be as badly sealed as other
boilers using the same water which are washed out eight times
as often.
Washing Out Scale. If the water is not treated for its impurities, either hard or soft scale will form, and it should be removed at regular intervals. Carbonate of lime forms a soft
muddy scale, which, when dry, becomes like flour. This scale can
be easily swept or washed out with a hose, if it has not been baked
hard and fast. When it is necessary to cool a boiler for inspection and cleaning, it should not be blown off too quickly. The
steam should first be blown off, and then cold water run in as fast
as the hot runs out until the temperature is reduced to that of
the atmosphere. If this is not done, the mud and scale are liable
to become baked on the heating surfaces. It is also dangerous to
blow off rapidly because of the sudden contraction, which is liable
to break stays, etc.
The Advantage of Using Hot Water for Washing Out and Filling Boilers. There is a difference of opinion whether hot water

will remove mud and slush from boilers more rapidly than cold
water. However, the more general opinion among locomotive engineers is, that the hot water is more effective because it has a
tendency to soften the mud and thereby remove it more rapidly.
Washing the boiler with hot -water before the boiler becomes cool
removes the mud and slush before it has a chance to harden on
the sheets, stay bolts and flues, while cold water has a tendency
to harden the scale.

I
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Where no facilities are provided for putting hot water in
boilers, a number of railroads consider it good practice to admit
cold water into the boiler as the hot water is running out, in
order to bring about a gradual change of temperature on the
metal. On other roads it is the practice to let out the hot water,
remove the plugs and begin washing out immediately. This,
however, is usually done on account of the limited time which
the locomotive is at the terminal.
Where cold water is admitted to a boiler as the hot water
is running out, for the purpose of cooling the water gradually,
it seems to be very general practice to force the cold water
through the injector. It is generally better to admit the cold
water through the throttle, in order that the cold water may mix
with the hot water at the highest point.
Washing boilers with cold water is often directly responsible
for broken stay bolts and cracked sheets, especially when the
cold water is allowed to cool the metal rapidly. When, however, sufficient time is taken to cool the boiler properly and no
sudden changes of temperature are allowed to occur, washing with
cold water may be done without ill effects to the sheets and stay
bolts. When locomotive boilers are washed out with cold water,
the great trouble seems to be that the round-house force does
not allow the boiler to cool, which is responsible for the cracking
of the sheets and stay bolts. Leaky tubes frequently occur after
a boiler has been washed out with cold water, which is also especially noticeable when the process of washing and cooling has
been pushed too rapidly. When cold water is used for washing
and filling boilers, about 7 or 8 hours are usually consumed to
blow off, wash out, fill up and raise steam to about 100 pounds
pressure.
Hot Water Systems for Washing Boilers. That hot water
systems for washing and filling boilers are of considerable advantage is indicated by the following roads, which have hot
water systems located at their terminals: A. T. & S. F. Railway,
at Albuquerque and Raton, N. M.; C. & 0. Railway, at Clifton
Forge, Va., Hinton, W. Va., and Russell, Ky.; C. B. & Q. Railway, at Grand Crossing, Wis.; C. I. & S. Railway, at Gibson,
Ind.; C. L. S. & R. Railway, at South Chicago, Ill.; C. M. &
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St. P. Railway, at Milwaukee, Wis.; C. R. I. & P. Railway, at
Eldon, Ia., Blue Island and 47th St., Chicago, Ill.; C. C. C. &
St. L. Railway, at Lyons and Mt. Cannel, Ill. ; I. C. Railroad,
at East St. Louis, DI.; L. S. & M. S. Railway, at Elkhart, Ind.,
Toledo, Ashtabula, and Collinwood, Ohio; N. Y. C. & H. R. Railroad, at Albany, N. Y.; N. Y. N. Ff. & H. Railway, at South Boston, Mass. ; P. & L. R. Railroad, at Mcliees Rocks, Pa. ; S. P. Railway, at Oakland, Cal., and Wabash Railroad, at Montpelier,
Ohio, Fort Wayne and Peru, Ind.
The advantages of washing out and filling boilers with hot
water are, that it increases the life of the boiler and reduces the
expense of maintenance, it shortens the time necessary to blow
off a boiler, wash and re-fill, the terminal detention is considerably reduced, steam is generated in much less time and a smaller
amount of coal is required for firing up.
The system for heating water to be used in washing and
filling boilers which is used most widely embodies the principle
of utilizing the heat contained in the water discharged from the
boiler, to raise the temperature of the water to be used for washing and filling. Another method is to arrange the heating sys•
tem so that all the water blown out of the boiler goes into a large
tank, where the water is allowed to settle, and the water used
over again. Arrangements must, of course, be made to dispose
of the scale and sludge that settles in the bottom of the tank.
Heating systems may also be arranged so that the heat of the
steam released when the boiler is blown off may be used to heat
the water for both filling and washing, or the boiler may be
washed out with the water originally drawn from the boiler and
the filling water alone heated by the steam blown off.
As regards the saving of time between the washing out with
cold water and the washing out with hot, experience has shown
that it takes 8 hours to wash out, fill and raise steam in a boiler
filled with cold -water, and practically only 3 to 4 hours when
hot water is used, thus showing a saving of about 4 hours for
each locomotive cleaned.
Removing Hard Scale. After hard scale has once formed, the
most effective remedy is to remove it by hammering or chipping.
If the inspection discloses incrustation, the boiler should be en-
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tered and the scale chipped off, or pulled off by hand. For this
operation only an experienced man who understands the work
should be employed, for there is great risk of injuring the boiler.
Before attempting to knock off the scale, it can be very much
loosened by some chemicals. The action of kerosene has already
been described. Caustic soda will greatly facilitate the removal of hard scale. By adding a quarter of a pound per horse
power and steaming several hours just before cleaning, the scale
will be rendered soft and loose.
The simplest method is to allow the boiler to cool as gradually as possible, and then stand full of cold water for a few days.
The scale is then partially redissolved, and, on emptying the
boiler, is removed with the water. The deposits should then be
washed out with a hose. Time, of course, cannot always be had
for such a treatment, and hence the quicker methods must be
used.
-
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Mechanical Cleaners. There are several mechanical devices
on the market for moving the hard scale from the tubes of fire-tube
boilers. These devices are especially valuable since the tubes form
the greater part of the heating surface, and they are the most difficult to reach and clean by ordinary means. The general principle of these cleaners is that of a small hammer made to knock
rapidly against the sides of a tube. Unsually, compressed air or
dry steam actuates the hammer. The action can be explained by
reference to Fig. 10, which shows a sectional view of the Dean
cleaner. The working fluid, compressed air or steam, is carried
into the valve chamber B, and thence goes alternately through the
ports DD into the piston chamber E. At a pressure of 40 to 80
pounds, the piston F moves the hammer handle G to and fro,
imparting a vibrating motion to the hammer J. The handle of
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the hammer, being pivoted at II, works the valve C, so as to cover
the ports in alternations. The hammer vibrates from 3,000 to
4,000 times a minute, and jars the scale loose. It has been found
by careful experiment that the force of the blow is insufficient to
harm the tube itself. The usual time for cleaning one tube is ten
minutes.

The following formula gives approximately the energy stored
in the water and liberated by the explosion:
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BOILER EXPLOSIONS.
The life of a steam boiler depends upon three principal factors:
1. The design, materials, and workmanship.
2. The purity of its feed-water; and
3. The treatment it receives in service.
It frequently happens that. the life of a boiler is ended by
an explosion. The injury to and loss of the boiler itself are
usually the smallest items of an explosion, the property loss and
loss of human lives being the worst.
Power Liberated. In the average boiler the water and steam
are at a high temperature. In other words, the beat confined
in the boiler is very great, and heat is a form of energy. In
general there are two cubic feet of water in a boiler to one cubic
foot of steam. Let its suppose the pressure is 100 pounds per
square inch. Then the water is at 337° F. One cubic foot of
steam weighs approximately a quarter of a pound, and two cubic
feet of water weigh 120 pounds. If the pressure on this water is
reduced to that of the atmosphere, its temperature falls to 212° F.
(337-212) E.T.U. are devoted to vaporizing the water.
The 120 pounds of water would then produce 120 (337-212)
966
=15 pounds of steam.
If the shell ruptures at any point, it is liable to tear completely open and relieve the pressure, so that the energy due to
the generation of the 15 pounds of steam adds itself to that due
to the expansive force of the quarter pound of steam, and thereby
a violent explosion is produced.
The weight of steam in a boiler is so small that, the energy
stored in the water very greatly exceeds that stored in the steam.
in the above problem the energy in the water is nearly 60 times
that in the steam.
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Energy in foot pounds_(T-21292 x 778 x W
1135 x T
where T = the temperature of the steam at the instant of the
explosion. W = the weight of the water in the boiler in pounds.
Let us apply the formula to a plain tubular boiler 60 inches
in diameter, 15 feet long, and containing 66 3-inch tubes. It will
weigh about 9,500 pounds, and usually contains about the same
weight of water. We will suppose 10,000 pounds of water in the
boiler under a pressure of 100 pounds gage.
The temperature of the steam at 100 pounds is 337° F. W=
10,000 pounds. Therefore by the formula we have:
Energy in foot pounds— (337-212)1 x 778 + 10,000=8,258
1135 x 337
x 10,000=82,580,000 foot pounds.
The indicated H. P. released by the explosion then is
82,580,000_ 2502

33,000

if expended during a minute. It would be 60 times this, or over
150,000 II. P., if the energy was all expended in one second.
If a weight of one pound is thrown one mile high, it requires
an expenditure of energy of 5,280 foot pounds. The energy liberated, therefore, in this example would project the boiler, if it
was unimpeded, to a height of
82,580,000 (foot pounds liberated by explosion _ 1.6 miles.

9500 (weight of boiler in pounds) x 5280
It would start with an initial velocity of 720 feet per second.
Causes' of Boiler Explosions. The causes from which explosions proceed are very numerous, but we may classify them
as follows:
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1. Weakness and defects in the design, material or construction.
2. Wasting from corrosion, wear, and tear.
3. Improper treatment and attention. It must be borne in
mind that this classification is arbitrary, and that the explosion
may be, and usually is, due to a combination of causes.
Defects. Plates have sometimes been stayed so rigidly as to
interfere with their expansion, and as a result fractures occur.
Or, again, strains produced on one part by excessive expansion of
another part may be greater than the strength of the material.
Unnecessary and dangerous fittings should not be used. A hand
valve should never be placed between a safety valve and the

parting the required set to the joint. When plates are bent after
the rivet holes are made, the lessened resistance of the plates at
the rivet holes permits the plates to become set instead of bending
uniformly to the curve, and plates have been injured by flogging
the bent edges back to the required curve.
Laminated or unsound plates are liable to develop blisters,
which often become dangerously weak, due to excessive heating.
Improper use of the drift for the purpose of drawing the rivet
holes fair has sometimes started fractures.
A calking tool of improper shape may start a fracture by
cutting grooves in the plate, as shown in Fig. 12. If the edges of
manholes are not strengthened by rings, fractures may be started
by the strains from screwing up the covers. Failure of riveted
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While all boiler material is carefully tested, and only accepted when conforming with standard specifications, yet it
sometimes happens that defects will exist in the material which
will be a source of weakness. Hidden flaws have been the cause
of numerous explosions. Flaws along the line of rivet holes or between the rivet holes have frequently been caused by punching.
Grooving has often been induced by improper calking, which
causes the skin of the plate to be cut through, and an indent to be
made along the outside of the lap of the joint.
Flaws. Incipient flaws are sometimes started in the plates,
especially those of a hard and brittle nature, during the process
of manufacture, which may afterwards develop into a rupture
from the strains thrown on the boiler when at work. Two of the
most disastrous boiler explosions ever recorded were due to a
hidden flaw inside the lap of the longitudinal seam, similar to that
shown in Fig. 11.
Causes of Fractures. Fractures have been started in many
cases by the rough treatment the ends of plates receive in im-

Fig. 12.
seams, due to fracture at the rivet-holes, has caused many explosions. These cracked rivet-holes are often due to the use of a too
brittle plate, and sometimes to badly fitted rivets.
A chain is no stronger than the weakest link, so, too with
a boiler which is dependent upon its numerous fittings. If any
of these are defective, they are liable to fail and precipitate an
explosion. Water gages are frequently of an inferior material
that is seriously impaired by high temperature.
Wasting. Boilers are often prematurely worn out by corrosion, in some of the many ways explained under that heading.
A boiler exploded due to wasting away of the plates, as shown in
Fig. 4. Corrosive grooving has caused many explosions. In one
case the boiler ruptured at a deeply furrowed longitudinal seam,
and the rent spread around the boiler.
Improper Treatment. In the following few paragraphs attention is called to the dangerous results of mismanagement.
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The mismanagement may be due to carelessness, incompetent help or lack of inspection. A fireman has certain duties to
perform, and must attend to them at a certain time, otherwise
he is taking more or less risk, and the responsibility of a possible
explosion.
Many explosions are caused by overheated parts, due to defective circulation, shortness of water, and excessive incrustation.
When the crowns of furnace tubes are overheated they are so
much weakened that the tubes are liable to collapse and rupture
under working conditions.
Muddy feed-water and even chemicals, if injudiciously used,
may cause overheating. If a furnace tube is in danger of becoming overheated, the fire should be withdrawn. When, however,
it is overheated, it is dangerous to disturb the fire. It is usual
in such a case to smother the fire with wet ashes.
There is no danger of an explosion when cold feed-water is
turned on to overheated plates, as many people think, because
metal has so little capacity for heat that it cannot retain enough
heat to generate much steam. This has been shown by experiments. In one instance, water was blown off until the crown of
the furnace was exposed, and became red hot. Water was then
pumped into the boiler, which caused the joints to leak badly, but
no explosion took place.
Overpressure, and by this is meant a pressure above that
adjudged safe, has caused numerous explosions. This may be due
to a defective gauge or to a sticky safety valve.
PREVENTION OF EXPLOSIONS.
The best means of preventing explosions are: 1, Efficient
periodical inspection ; 2, Maintenance of boilers in good condition; and 3, Employment of trustworthy and competent attendants.
Inspection. The inspection should begin when the material
is selected, and continue until the boiler is declared unfit for
further service. In the manufacture especially the inspection
should be thorough, impartial and vigilant. All the flaws de.
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scribed previously as defects of manufacture will be eliminated if
the inspection is properly carried out.
While the boiler is in operation, an inspection should be
made frequently. The inspection should be thorough, both internal and external. The inspector should rely upon the hammer
test, as it has been shown by experience that this is the best
method for finding flaws. He should sound successively each
part, and when he strikes a defective place the difference in sound
reveals it to his trained ear. A critical examination is then made
to discover the nature and extent of the injury. If it be a lamination, the piece should be cut out and patched, or a new sheet put
in; while if a check or crack is discovered it may be prevented
from extending further by a plug or rivet judiciously placed,
The important point is to discover defects in time to prevent their
extending and precipitating explosions.
Among the various defects which may be found in a boiler
by inspection the following are the most important: internal
grooving; internal corrosion; external corrosion; deposit of sediment; incrustation and scale; defective braces and stays; defective settings; furnaces out of shape; fractured plates; burned
plates; blistered plates ; defective rivets; defective heads; leakage around tubes ; leakage at seams; water gauges defective;
salty valves overloaded; safety valves defective; and pressure
gauges defective.
Defects of workmanship and material are more likely to
escape detection in boilers of the locomotive type where the insides cannot be examined thoroughly. The defects in workmanship usually found are carelessly punched or fractured rivet
holes; burned or broken rivets; plates damaged in flanging,
dishing, bending, welding, hammering and punching; defective
welding of plates and stays; fractures in the end of the tubes and
carelessly secured stays. Old plates are frequently seriously
damaged by patching them with new plates when the rivets are
moved and by the expansion and contraction of new plate, especially if it is near the fire. Careful inspection will, of course,
indicate a majority of these defects, but defects of material cannot always be indicated by inspection. Brittleness and lack of
ductibility cannot be discovered by ordinary inspection, but it
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is the duty of the manufacturer to make tests from specimen
pieces of boiler material, so that they come up to the specifications of strength and ductibility required.
Maintenance. Efficient work, and by this we mean both
economy and safety, cannot be obtained with any apparatus unless the proper care is given it. This is especially true of boilers. To feel reasonably secure, the watchword should be eternal
vigilance. If impure feed-water is used, scale will form which
should be cleaned out regularly before it is thick enough to cause
trouble. Corrosion takes place, fittings get out of order, etc., and
unless these are given immediate attention the consequences may
be disastrous.
In spite of safety-valves, fusible plugs, and other devices to
render the boiler safe from explosion, the human factor is still
present, and unfortunately has been responsible for numerous explosions. A fireman should never take anything for granted. He
should know that the safety-valve, the pressure gauge, and the
water column are in good working condition. There are a great
many details besides these that require his constant attention,
and for this reason only a man who has been properly trained
should be put in charge.
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REVIEW QUESTIONS.
CORROSION AND INCRUSTATION..
1. Name five different impurities which may be found in
boiler water.
2. Suppose a boiler feed-water contained 34 grains of solid
matter per gallon, bow many pounds of solid matter would the
boiler collect for each 1,000 gallons evaporated per hour ?
3. What do you understand by the term scale in a boiler?
4. What are the evil effects of impure feed water ?
5. What is the difference between corrosion and incrustation?
6. Explain how waste of fuel and loss of power are caused by
thick scale.
7. In what way is it dangerous to a boiler to allow it to become filled with thick scale?
S. What different forms of internal corrosion may be present in a boiler ?
9. What is uniform corrosion and how does it act upon thb
boiler plates?
10. "What is pitting and how does it differ from honeycombing?
11. What is grooving and how is it generally started?
12. What is galvanic action and what is supposed to be its
cause ?
13. How does the character of the boiler material affect the
amount of corrosion which may take place?
14. Name two general methods in use for preventing incrustation.
15. What are boiler compounds and why are they used ?
16. How does the Barnes skimmer work and why is it used?
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17. Explain the advantages of using hot water for washing
out and filling boilers.
18. Name several systems which may be used for heating
the water which is used for filling and washing boilers.
19. How is hard scale generally removed from a boiler ?
20. What are mechanical cleaners and how do they operate?
21. What are the three principal causes of boiler explosion?
22. Upon what does the life of a steam boiler depend ?
23. flow may bailer explosions be prevented ?
24. How would you inspect a boiler to see whether it is in
proper condition ?
25. What should be the duties of a fireman as regards the
keeping of a boiler in good condition?

Water Supply and Water
Softening.
Water Tanks. Except when the locomotive is taking water
on the fly, the locomotive tenders are filled along the road from
large tanks or reservoirs. These are located at suitable places,
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Fig. 1.
called water stations, along the line of the road. These tanks
are filled either from natural streams, which are higher than the
tank and flow into it, or else the water is pumped into them. The
tanks are located usually near the track, as shown in Fig. 1, so
that the water can be conducted by a spout, direct from the
tank to the manhole of the tender. The water flowing from this
905
TYPE OF KENNICOTT WATER SOFTENER USED ON THE
SOUTHERN PACIFIC AND BIG FOUR RAILWAYS
(Kennicott Water Softener Co.)
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spout is controlled by a valve, B, inside of the tank, which can
be moved from the tender by a rope, E, which connects by means
of the lever, F, to the valve, B. The spout is usually attached
to the tank by a hinge joint, so that it can be lowered to the
tender and then raised up out of the way of the engine and train.

Fig. 2.
It is generally balanced by a counter-weight, W, suspended to
one end of a rope, B, which passes over a pulley, and is fastened
to the spout at the other end. The tanks are generally made of
wooden staves supported on heavy frame work. When there is
no room for the tank near the track, it may be placed in any
convenient position at some distance from it, and the water may
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be conveyed by an underground pipe to the place where the
locomotive must take water. At the end of this pipe, a standpipe or water-crane may be erected. This arrangement is shown
in Fig. 2, and consists of a vertical pipe, A, with a horizontal
arm, B, which is made to swing over the manhole of the tender
when the latter is to be filled with water. A valve, D, is also
generally always attached to the pipe below ground, so that the
water may be turned off and on by means of the lever, E, which
is connected to the valve by means of rods.
Importance of Using Good Feed Water. It is of the utmost
importance that a good supply of feed-water be used for locomotives. The use of impure water, or water which contains a
considerable amount of mud, or which has lime or other mineral
substance chemically combined with it, will very soon coat the
inside of the boiler with a covering of scale, which makes the
boiler very much less efficient, so that considerable heat is wasted
in raising the steam. It is therefore very important that the
very best source of supply be obtained; but, should it be impossible to obtain a good supply of feed-water, some chemical method
of treating the feed-water should be used. This, in locomotive
practice, is generally called "Water Softening."
Water, in its purest form, is a combination of two elements ;
hydrogenax,ithpronfwatshydrogen
to one part of oxygen. It is also one part by weight of hydrogen
to eight parts of oxygen. Water which is used in locomotive
boilers is seldom, however, in a condition of purity, as is evidenced
by the large number of boilers in which scale or corrosion is
found. The most desirable feed-water for a locomotive boiler
is soft water, either that naturally soft, or water that has been
treated by one of the many methods of water softening now in
use, which destroys the scale forming properties.
Impurities Found in Boiler Waters. Among the impurities
which are found in water may be mentioned: Calcium Sulphate.
Calcium Carbonate, Magnesium Sulphate, Magnesia Carbonate,
Magnesia Chloride, Sodium Sulphate, Sodium Carbonate, Sodium
Chloride, Silica and acids.
Calcium Sulphate. Calcium sulphate is slightly soluble in
water at temperatures between 281 and 302 degrees Fahrenheit ;
58
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and beyond, being soluble in water free from carbonic acid gas
at moderately low temperatures. It can be removed by means
of carbonate of soda, commonly known as soda ash. Calcium
sulphate in boiler waters causes hard incrustation, which is difficult to remove and causes an unnoticeable loss in evaporative
efficiency of the boiler. It also becomes mixed with mud in
the boiler and makes the scale quite hard. Water, which is
only temporarily hard, will generally give a soft deposit of scale,
the hardness in the water being due to calcium and magnesia
carbonate. Water permanently hard, however, is usually due
to calcium sulphate, which generally produces a hard scale, especially due to the fact that it becomes less soluble in water at
the higher temperatures.
Calcium Carbonate. Calcium carbonate, which is commonly
known as lime stone, marble or chalk, is readily soluble in water
containing carbonic acid gas, and is more soluble in cold water
than in hot water. Carbonate of lime is held in solution in water
which contains carbonic acid gas, so that any chemical which will
take up the carbonic acid gas will precipitate the calcium car.
bonate. The most frequently used chemical for this purpose is
common building lime, or quick lime as it is called. It unites
with the water and forms hydrate of lime, which takes up the
carbonic acid and forms calcium carbonate, which, being then
insoluble, is all precipitated as a white powder.
Magnesium Sulphate. Magnesium sulphate is very slightly
soluble in cold water and easily soluble in warm water. It is
a very common form of impurity in boiler feed water, and it decomposes at high temperatures forming scale. It does not of itself
form scale, but when in a boiler containing carbonate of lime
a chemical action takes place between the two, when hydrate magnesia and calcium sulphate are formed, both compounds making
a very hard scale.
Magnesia Carbonate. Magnesia carbonate, or magnesia, as
it is commonly called, is not soluble in water. Like carbonate of
lime, it is held in solution by carbonic acid gas and is precipitated
when the gas is driven of by the use of slacked lime. When
sulphate of soda is present in boiler water, the frequent use of
the blow-off cock will remove the concentrated solution and pre•

WATER SUPPLY AND WATER SOFTENING. 909
vent foaming, as it is quite soluble in cold water and less soluble
in hot water.
Sodium Carbonate. Sodium carbonate, known as washing
soda or soda ash, is soluble in hot water. It is used in large quantities where a cheap reagent is used, and must generally be used
in conjunction with lime.
Sodium Chloride. Sodium chloride, or common salt, is always present in sea water, and is frequently found in artesian
well waters when the wells are driven near the sea or ocean. It
is soluble in water, which is generally increased by the presence
of other salts in the water.
Silica. Silica is never dissolved in large quantities in steam
boiler waters, but it is often combined with aluminium. When
other impurities are present, it forms with them a jelly like paste,
which can be detached from the boiler by scraping. Heat, however, will bake it into a hard crust, which must be removed by

chipping. Silica is easily precipitated by boiling water at atmospheric pressure, and it is occasionally found in liberal proportion in low pressure boilers, the water of which contains sulphate
of lime.
Testing Water for Impurities. In order to test water accurately for impurities a chemical test should be made, but there
are many times where it is impossible to obtain a chemical analysis
quickly, in which case the following rules may prove of value for
finding the condition of feed water which is to be used for boilers.
To see whether the water is hard or soft, take a clean test
tube and pour into it about three-quarters of an inch of soap solution, then pour into it three or four drops only of the water; if
it becomes milky or curdy the water is hard.
To see if the water is alkali or soda, dip into a test tube
half filled with water a strip of red litmus paper ; if it does not
turn blue, the water is not alkali. Now dip a strip of blue litmus
paper into the water ; if it does not turn red, the water is not acid.
To see if there is any carbonic acid present in the water, fill
about three-quarters of an inch of water in a test tube and then
pour in just as much lime water. If there is carbonic acid, the
water will become milky, and on adding a little hydrate chloride
acid the water will become clear again.
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To test for sulphate of lime, fill the test tube to a depth of
U inches with the water and then add a little chloride of barium;
if a white precipitate is formed, and it will not dissolve when
you add a little nitric acid, sulphate of lime is present.
To test for magnesia, fill a test tube about one-fourth or onethird full of water and bring it to a boil, then add a little carbonate of ammonia and a very little phosphate of soda; if magnesia is present, it will form a white precipitate. The soap solution, which is used for testing for hardness, can be made by putting some fine scrapings of white soap into a bottle and pouring
alcohol upon it, then cork the bottle and set it to one side, shaking it until it is all dissolved. Lime water can be prepared by
slacking a small lump of freshly burned lime with half its weight
of water, then take some of the slacked lime and put it in a
bottle with some pure water, shaking it occasionally. The
undissolved portion will fall to the bottom and the clear liquid,
or lime water, being on the top, can be used for testing purposes.
Troubles Caused by Impure Water. Among the troubles which
are due to impure water may be mentioned incrustation, corrosion and priming. Incrustation may be caused by sediment,
mud, clay, soluble salts, bicarbonate of magnesia, lime or iron,
organic matter, or sulphate of lime. When sediment, mud or clay
and soluble salts are in the water, it may be pured by either
filtering or blowing off. When bicarbonate of magnesia, lime,
or iron is present in the water, it may be prevented by heating
the feed water and precipitating it, or by treatment with caustic
soda, lime and magnesia.
In case of organic matter, it may be precipitated either
with alum or ferric chloride, and filtered.
Corrosion may be due to the presence of organic matter,
grease, chloride or sulphate of magnesia, acids or electrolytic
action. Organic matter may be eliminated as explained above.
If grease is present, the water should be treated with slacked
lime and carbonate of soda, and filtered. If chloride or sulphate
of magnesia is present, the feed water should be treated with
carbonate of soda, and if soda is present, some form of alkali
should be used to neutralize its action. Should corrosion occur
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from electrolytic action, zinc plates may be hung in the boiler
to prevent it.
Should priming occur, due to organic matter, the impurities
can be precipitated with alum or ferric-chloride, and the feed
water filtered. If the priming is due to alkali in the water, the
feed water should be heated and the impurities precipitated. If
priming is caused by carbonate of soda in large quantities, barium
chloride should be added to the feed water.
Railway Water softening. The provision of a suitable water
supply for railway service is a problem which requires the joint
efforts of civil and chemical engineering in a good many parts
of the country. At the recent convention of the American Railway Engineering and Maintenance of Way Association, the report of the Committee on Water Service related wholly to water
softening, and an abstract of its more important sections are
given in this article.
Types of Water Softeners. Two general types of softeners
have been designed, the continuous and the informittent. In the
continuous type, the natural water is introduced into the softener,
passing through one or more chambers and finally flowing off into
the regular storage tank, the sludge being precipitated to the
bottom of the softener and drawn off by means of a valve from
time to time, as necessary. In the intermittent type the water
passes into settling tanks, from whence it is drawn off by pumping or gravity, after reaction has taken place and the solids have
been precipitated.
A modification of the intermittent type is used on some
railroads by utilizing the regular storage tanks for settling purposes, but unless full time is given for reaction and settlement
prior to the water being drawn off into locomotives, this form
will not give the same economical results as either of the other
forms. The control of reagents may be good, but a portion of the
reaction will take place in the boiler, with a consequent increase
in mud deposited.
Practical experience with the better-designed types of both
the continuous and intermittent plants has shown that there is no
difference in the efficiency of water-softening, providing the mechanical devices for control of the reagents are properly designed
-

912

WATER SUPPLY AND WATER SOFTENING.

and the correct proportions given to the other parts of the plants.
Advantages of Intermittent System. The advantages claimed
for the intermittent system are as follows: Simple and durable
in construction ; the absence of automatic reagent feeds; perfect
mixing of reagents with water; reaction with one reagent corn•
pleted before the second reaction starts, thus making treatment
easier to adjust; it can be operated by the engineer or his assistant without interfering with the regular work ; a constant quantity of raw water is collected to treat with a uniform quantity
of reagent; the water can be treated with perfect uniformity, no
matter how variable may be its character; the simplicity of the
apparatus enables an unskilled workman to obtain as good results
from it as an expert chemist; the rate at which water is drawn
from the system does not affect results; the sludge collected in the
settling tanks relieves the filter-bed, so that the filter can be run
from five to six times as long without cleaning as would be the
case were the sludge intercepted by it; the least waste of water
in discharging sludge due to removing sludge only occasionally;
the water can stand long enough to complete reaction, then settle
as clear as it is possible for any water to settle; perfect
clarification by means of mechanical filtration, without the
use of a coagulant; filter-bed need not be renewed, as it
consists of crushed quartz; the operation of this apparatus is the same as the method followed by the chemist in the
laboratory, but on a larger scale with minor modifications ; the
use of two or more settling tanks makes possible an accurate
daily record of the amount of water evaporated in the boilers,
which feature will be appreciated by careful managers of large
plants, who wish to keep a close check on fuel consumption; can
be fitted into any available space; can be operated from the
ground or top as may be desired.
Advantages of Continuous System. The advantages of the continuous system are as follows: Simple and durable in construction;
automatic operation ; perfect mixing of reagents with water ; reaction with one reagent completed before the second reaction starts,
thus making the treatment easier to adjust ; it can be operated by
the engineer or his assistant without interfering with regular work ;
accuracy in proportioning reagents to flow of water; ease in
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adjusting quantity of reagents to variable quality of water ; ample
time for settling; final clarification by mechanical filtration;
water need be supplied only at the rate used ; perfect clarification
by mechanical filtration; perfect filtration without the use of a
coagulant ; filter bed need not be renewed, as it consists of crushed
quartz; large capacity in small space; can be fitted in any available space; can be operated from the ground or top as may be
desired ; will treat either hot or cold water.
Time Required for Precipitation. Practice has demonstrated
that between three and four hours is necessary for reaction and
precipitation, depending largely on the temperature of the water
and the composition of the scaling matter held in solution.
Water taken from running streams in winter should have at least
four hours' time. In all softeners there should be some form of
filter for water to pass through before finally passing into the
storage tank, in order to eliminate any flakes of scale or mud
forming matter that still may be held in suspension.
At least three feet of the bottom of each settling tank should
be reserved for the accumulation of the precipitates; therefore,
in estimating the settling space needed and the capacity of settling
tanks, the settling space should be considered as lying entirely
above this reserved portion.
Capacities of Settling Tanks. The proper capacities for
settling tanks, measured above the space reserved for sludge, can
be determined as follows: A=capacity of softener in gallons
per hour; B=hours required for reaction and precipitation; 0=
number of settling tanks (never less than two) ; x---the number
of hours required to fill the portion of settling tank above the
sludge portion; y=number of hours required to transfer treated
water from one settling tank to the storage tank (y should never
be greater than x).
Where one pump alternates between filling and emptying
settling tanks, the time for filling and emptying the total number of tanks less one must equal the time for reaction and precipitation in that one, and x would equal y. As the capacity of
the pump must be double the capacity of treating plant, the
settling capacity in each tank would be 2Ax=AB-:-(0-1).
For plants where the quantity of water supplied to the
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softener and the capacity of the plant are equal, the settling
capacity of each tank is equal to Ax. The total number of hours
required to fill all the settling tanks should equal the number of
hours required to fill, precipitate and empty one tank, as expressed
by the following equation; Ax=x+Bd-y.
If y=x, Ax=AB÷(C-2).
If y=fx, Ax=-AB÷(C-1.5).
Amount of Compound Required. Before considering the
economical value of water-softening, it will be necessary to consider the reagents used and the quantity of reagents needed.
Table 1 gives the quantity of reagents needed to remove one pound
of incrusting or corroding matter from the water, also the effect
on foaming quality of the water.
One Pour+o or INCRUSTING OR
CORROSIVE MATTER PROM THR WATER.

TABLE I.—QUANTITY OF PURE REAGENTS REQUIRSD TO REMOVE

Foaming Matter
Incrusting or Corrosive Substance Amount of Reagent. (Pure.)
Increased.
H eld in Solution.
0.57 lb. lime plus x.o8 lbs. soda ash
Sulphuric acid
T. 45 lbs.
None
Free carbonic acid
2.77 lls. lime
o.56 lb. lime
None
Calcium carbonate
Calcium sulphate
o.y8 lb. soda ash
1.04 lbs.
Calcium chloride
6.96 lb. soda ash
Los lbs.
o.65 lb. soda ash
1.04 lbs.
Calcium nitrate
Magnesium carbonate
x.33 lbs. lime
None
0.47 lb. lime plus o. as lb. soda ash
x.x8
Magnesium sulphate
Magnesium chloride
0.59 lb. lime plus I. 12 lbs. soda ash
/.21 lbs.
Magnesium nitrate
o.38 lb. lime plus 0.7a lb. soda ash
1..x5 lbs.
1.75 lbs. barium hydrate
Calcium carbonate
None
Magnesium carbonate
4.05 lbs. barium hydrate
None
Magnesium sulphate
None
1 42 lbs. barium hydrate
z.a6 lbs. barium, hydrate
*Calcium sulphate
None
* In precipitating the calcium sulphate, there would also be precipitated 044 lb. of calcium carbonate
Or 0,3i lb. Of magnesium carbonate, the r.26 lbs. of barium hydrate performing the work of 0.4x lb. of
lime and 0.78 lb. of soda ash, or for reacting on either magnesium or calcium sulphate, I lb. of barium
hydrate performs the work of 0.33 lb. of lime plus 0.6a lb. of soda ash, and the lime treatment can be
correspondingly reduced.

The first portion of the table considers the use of lime and
soda ash as reagents, these being the cheapest, and, at the present
time, the most common in use. The great objection to the use
of soda ash is the increase in the foaming tendency of the water.
The latter portion of the table gives the quantity of barium hydrate required to treat the carbonates and sulphates of lime and
magnesia. The foaming tendency of water is not increased by
the barium hydrate treatment, hence its advantage over soda
ash as a reagent.
Barium hydrate has no advantage over lime as a reagent to
precipitate the carbonates of lime and magnesia, and should not
be considered as a reagent for these substances except in con-
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nection with the treating of water containing calcium sulphate.
If there were no carbonates of lime and magnesia in the water,
the combination of the calcium sulphate with the barium hydrate
would produce calcium hydrate and barium sulphate. Calcium
hydrate is soluble in water at ordinary temperatures to an extent
of about 95 grains per gallon; therefore, the water would still
be hard. Barium carbonate is easily soluble, and would react on
the calcium sulphate and precipitate the incrusting matter.
Barium carbonate is, however, only very slightly soluble, but
can be produced in a form that will react on the calcium sulphate,
by the combination of the barium hydrate with either magnesium
or calcium carbonates, producing barium carbonate as one of the results of reaction, and if this reaction be carried out in the presence
of calcium sulphate, the barium carbonate is not precipitated, but
reacts on the calcium sulphate before it can separate out of the
solution. For each pound of calcium sulphate removed by such
reaction there would be removed an amount of the calcium and
magnesium carbonates which would have required 0.41 lb. of
lime, and the lime treatment can be correspondingly reduced.
In calculating the quantity of reagents necessary where
barium hydrate is used in place of soda. ash, the full quantity of
lime should be calculated for the calcium and magnesium carbonates, and from this should be deducted 0.33 lb. of lime for
each pound of barium hydrate required on account of the calcium
sulphate.
Knowing the analysis of a water, the pounds of incrusting
or corrosive matter held in solution per 1,000 gallons can be
obtained by dividing the grains per gallon of each substance by
seven, or the parts per 100,000 by twelve.
The amount of incrusting solids going into boilers daily from
any water station depends on the analysis of the water and the
quantity of water used from that station; hence the minimum
amount of scaling matter which will justify treatment cannot be
stated in terms of analysis alone, but should be stated in terms of
pounds of incrusting matter held in solution of a day's supply.
Neither can the composition of this minimum of scaling matter
be definitely stated, since it requires a greater amount of reagents and much more expensive ones to treat the sulphates of
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lime and magnesia than to treat the same quantity of carbonates.
Besides the scale-forming solids, nearly all water contains more
or less free carbonic acid. Sulphuric acid is also found in waters,
particularly in streams adjacent to coal mines. While this does
not form incrusting matter, very serious trouble from corrosion
will result from a small amount of this acid. In treating waters,
the acids can be neutralized, and the incrusting matter can be reduced to at least 5 grains per gallon in most cases.
Benefits of Water-softening. In estimating the benefits,
due to the removal of incrusting solids prior to the introduction
of the water into the boilers, it must be remembered that carbonates of lime and magnesia, without the presence of either the
sulphates of lime or magnesia, do not form hard scale, but are
precipitated in the boiler as soft scale and mud, which can be removed for the most part by washing out and blowing off. A
very small portion of either of these sulphates, in combination
with the carbonates, will cause a hard, troublesome scale and
increase the expense of boiler maintenance. With clean boilers,
less fuel will be necessary to evaporate a given amount of water.
Authorities differ regarding the increased amount of fuel required
for a given amount of scale, but a conservative estimate seems to
be about 10 per cent increase for each 1-16 in. of scale.
Saving in Fnel. The full saving of fuel will not be made
if the foaming solids of the water have been increased during
softening, as more water will have to be evaporated. Where
matter is held in suspension in water, priming or foaming begins
at an earlier concentration of matter in solution than if no sus•
pended matter be contained in the boiler. In actual practice it is
found that with a concentration of about 100 grains of foaming
solids per gallon in locomotive boilers, trouble from foaming will
begin. In order to avoid this trouble, the boilers must be blown
off and new water admitted to take the place of this wasted water.
Water containing 10 grains of foaming solids per gallon will
have reached the critical concentration on the tenth filling of the
boiler; therefore, to reduce to the original concentration, the
water should be completely changed, a. e., one-tenth, or 10 per
cent, of the water taken in the boiler would be blown off and
wasted. For 50 grains per gallon of foaming solids, 50 per cent
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would be wasted, as after one boiler full bad been evaporated,
the water would have reached the critical point.
From this it can be seen that the grains per gallon of foaming
solids practically represent the percentage of water that must
be wasted by blowing off, as the concentration reaches the critical
point. In practice, it would probably exceed this, as it would not
be policy to blow off large amounts at one time when on the
road, on account of the disadvantage of admitting large quantities
of cold water to take its place.
If natural water containing 10 grains of foaming solids has
this quantity raised to 20 grains by using soda ash as a reagent,
there would be a minimum of 20 per cent water wasted to keep
it below the critical point, while only 10 per cent. would be
wasted if treated with barium hydrate. Therefore, the grains
increase per gallon of sodium sulphate, caused by using soda
ash as a reagent, represent the minimum percentage point, while
only 10 per cent would be wasted if the water was not treated,
or if barium hydrate was used as a reagent instead of soda ash.
Therefore, the grains increase per gallon of sodium sulphate,
caused by using soda ash as a reagent, represents the minimum
percentage of water wasted in changing boiler waters over what
would be wasted if the waters were not softened, or if barium hydrate were used as a reagent. The minimum waste would be represented by the total cost of pumping and treating this wasted
water by soda ash, plus the cost of the fuel required to raise
this water from the temperature of feed water to the temperature of the water in the boiler.
For an increase of one pound foaming matter per thousand
gallons of feed water, it would be the total cost of pumping and
treating 70 gal. of water, and the fuel for heating the same to
temperature of boiler water. For any other increase per thousand
gallons of water, the minimum cost would be directly proportional
to this.
With the foregoing points in view, the following equation is
given to show the point where the benefits derived from treating the
water will just balance the cost of treating: X=number cwt.
(100 lbs.) solids removed from water per annum. B=raoney
value of benefits received from removing 100 lb. solids, com-
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prising saving in boiler washing and repairs, saving in fuel and
increased service received from locomotives, represented by the
interest on the cost of the additional number of locomotives that
would be required to perform the service rendered by locomotives
using the soft water, if based on the performance prior to treating the water. C=cost per 100 lbs. of solids removed to operate
the plant, comprising additional cost of labor, additional cost of
fuel or power, cost of chemicals, cost of current repairs. D=
cost of plant installed. I=interest per annum on D. L=
estimated useful life of plant in years. R=estimated value of
materials recovered from plant after L years. S=annual depreciation of plant, equivalent to a sum per year, which, if
placed in a sinking fund at I rate of interest, would amount to
D—R in L years.
The benefits would just balance the cost when XB=XC-I-I
+S.
The number of pounds solids removed daily to make benefits
just equal the cost would be (I+S)±.[3.65 (B—C)]. If more
than this amount of solids is removed the plant will be profitable
to the company.
Values for B can only be fixed for each particular case, as
some of the matter held in solution is much more injurious than
the same weight of other matters. The mechanical department
of each railway should be able to approximate the values, knowing the proportions of the injurious matter in the water.
As shown by table 1, for every pound of calcium or magnesium sulphates removed by the use of soda ash as a reagent, the
foaming solids of water are increased 1.04 and 1.18 lbs., respectively.
Where there is already a considerable quantity of foaming
matter in the water, or where there are large amounts of these
scale-forming sulphates to be treated, this increase in tendency
to foam may be very objectionable. Barium hydrate as a reagent
does not increase the tendency to foam, hence its advantage over
soda ash. In treating either calcium sulphate or magnesium
sulphate, one pound of barium hydrate performs the work of 0.33
lb. of lime and 0.62 lb. of soda ash. As already explained, a
portion of the carbonates of lime and magnesia will be precipi-
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tated in treating sulphate of lime, and the lime treatment correspondingly reduced. At the present time barium hydrate is a
much more expensive reagent than soda ash, but owing to its superiority as a reagent, chemists are experimenting to devise pray
tical methods of producing it at a cost that will not make it prohibitive. The amount that railroads can pay for this material
above the cost of soda ash depends entirely on the value of keeping foaming solids down.
For any given water station the following equation would
express relative equivalent values, for a given quantity of water:
A=pounds calcium sulphate to be removed. B=pounds magnesium sulphate to be removed. V=cost per pound of lime.
X=cost per pound of soda ash. Y=cost per pound of barium hydrate. Z=value to remove 1.04 A+1.18 B foaming solids from
water.
Then the reagents required would be: For soda ash treatment :
(0.78 A+0.88B) soda ash, and 0.47B lime. For barium treatment: (1.26 A+1.42 B) barium hydrate, less 0.41 A lime.
Expense of reagents and wasted water would be: For soda
treatment: X (0.78 A+0.88 13)+0.47 BV+Z. For barium
treatment : Y (1.26 A+1.42 B)—O.41 AV. Then for equivalent
values: Y (1.26 A+1.42 B)—O.41 AV=X (0.78 A+0.88 B)
+0.47 BV+Z.
Methods of Water Softening. Softened water is water which
has been freed from the solution of lime and magnesia, iron
and aluminum, which can produce scale or corrosion. Softening
of water is accomplished by a chemical precipitation. To remove
carbonate, lime is used. On adding lime, the carbonic acid
unites with it, resulting in the formation of calcium carbonate.
When carbonate of lime alone is present, for each grain per gallon of carbonate of lime found in the water, four ounces of pure
caustic lime for every one thousand gallons of water will be required to precipitate the lime as a carbonate. When there is
only the sulphate of lime present, for every grain of sulphate of
lime per gallon found in the water, 1-1 ounces of pure soda ash are
required for one thousand gallons of water treated. When car•
bonate and sulphate of lime are both present, caustic soda alone is
all that is needed to precipitate both of the solutions.
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Among the systems which are used for water softening
plants may be mentioned the Kennicott System, We-Fu-Go System, Scaife System, the Breda System and the Bruun-Lowener
System.
We-Fu-Go Softening Systems. There are two types of WeFu-Go water softening systems used on railways in this country.
The one having the largest use, however, being known as the intermittent system. This system is installed both with and without filters, depending upon the character of the water which is
used, and depends upon whether the water is still clear after
treatment or whether it requires filtration. The intermittent
system consists essentially of two or more treating and settling
tanks, equipped with mechanical stirring devices operated by
power, a reagent or chemical mixing tank with mechanical stirring device, and jet or other pump for introducing reagents into
treating tanks, and a filter when conditions require it.
The treating tanks are filled alternately with water; while
a tank is filling, the reagents are introduced and thoroughly
mixed with the water by means of the chemical stirring devices,
consisting of a specially designed paddle, revolved by power from
an available line shaft, an engine or a motor. The paddle not
only mixes the reagents with the water, but at the same time
stirs up from the bottom the lime sludge of preceding purification. This sludge floats in the water, hastens the chemical reaction, and causes the now finely divided precipitate to form
large woolly flakes heavy enough to settle quickly as soon as the
water stops moving. This paddle-stirring device is the simplest
and most efficient that can be devised; with reasonable care it
will not get out of order; it does not have to be cleaned to keep it
in working condition; and it requires very little power.
After a tank is filled, the stirring device is stopped, and the
water permitted to stand, in order to allow the precipitate to settle to the bottom of the tank. The softened water is taken out of
the tank by means of a hinged floating outlet pipe, arranged to
rise and fall with the level of the water, so that the water is always drawn from the top. The water at the top being the clearest, carries the least amount of floating sludge through the floating outlet pipe to the filter beds; therefore, the filters can be run
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the longest possible time without being cleaned. The rate of
flow to the filters is automatically controlled, so that they are
supplied with water as fast as it is drawn from them. Either
pressure or gravity filters may be used; but in some cases no
filter is necessary, depending on the kind of water required and
the purpose for which it is used. When pressure filters are used,
the settling tanks may be placed on the ground; when gravity filters are used, the bottom of the settling tanks must set about four
feet higher than the bottom of the filter.
While one tank is being filled, treated and settled, the
other is supplying treated water; and by the time it is empty the
first tank is ready for use. In this way a constant supply of accurately treated, soft, clear water is always on hand.
Pipe connections, through which to fill the tanks and to wash
the sludge from the tanks, are placed in the bottom. The washing of the settling tanks needs to be done abort once a week, or
when the sludge becomes deep enough to interfere with the stirring. To do this, it is necessary only to open the valves to the
sewer and start the stirring device to mix up the sludge, which is
soft enough to flow through the pipe into any sewer.
Another We-Fu-.Go system which has been used to some extent for softening the water for locomotive boiler use is known
as the We-Fu-Go continuous system. This system consists of a
tower tank containing separate lime reaction, soda reaction and
settling compartments with mechanical stirring devices in the reaction compartments; tank for slaking lime and dissolving soda
or other reagents; lime and soda solution tanks with mechanical
stirring devices; pump of special design for introducing the solutions into the reaction compartments; electric or water motor
or steam engine to furnish power for operating the mechanical
stirring devices and solution pumps, and either mechanical gravity or pressure filters. With this system, under certain conditions where it is desirable to use a lime water instead of cream
of lime, we use our patented lime saturator. This system is
automatic and continuous in its operation. The treatment is
automatically regulated to the quantity of water passing through.
The speed of the pumps introducing the reagent solutions is
governed by the volume of water entering the system.

922 WATER SI"PPLY AND WATER SOFTENING.
The water enters the lower compartment of the tower tank
where it is treated with the first reagent, then passes into the second compartment where it is treated with the second reagent.
Both compartments being fitted with mechanical stirring devices, a thorough mixing of the reagents with the water is insured,
while the sludge of previous purification assists the precipitation.
From the second reaction compartment, the water passes
into the upper or settling compartment of the tower. From there
it flows to the filters through a floating outlet pipe, which acts as
a regulator for the water entering the system. The settling compartment can be made large enough to give storage of treated
water.
Comparing the We-Fu-Go continuous system with the intermittent system, it may be said that in a continuous apparatus
the reagents are introduced proportional to the flow of water,
and adjustment must be made in the quantity of reagents introduced to meet every variation for change in the water. Also no
matter how carefully or accurately designed a continuous apparatus may be, an error must necessarily be introduced when
wide variations occur in the quantity of water handled.
In the intermittent system, where definite quantities of
water are treated all the time and the exact quantities of reagents required are weighed out, it is possible to treat accurately
any water, no matter how it may vary as to quality or how the
quantity used may be changed. The intermittent system is,
therefore, better under highly varying conditions, but there are
conditions under which the continuous system will give equally
good results. These systems are built in capacity varying from
400 gallons per hour to 60,000 gallons per hour, although the
continuous system is made to handle as high as 150,000 gallons
per hour.
American Water Softener System. Another water softener
system. which has had considerable use on railroads is known as
the American Water Softener System, or the Braun-Lowener
System. In this apparatus the softening solution is pumped
from the ground level through a small pipe to the chemical reservoir tank, which is situated at the top, any surplu§ solution being
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returned to the chemical reservoir tank by means of a small
pipe.
The crude water supplied at the ground floor operates a
small motor without waste, rises to the measuring and mixing
mechanism at the top of the settling tank, where a certain definite
percentage of reagent is automatically added, then is delivered
with a whirling motion to the downtake, precipitating and coagulating the scale-forming solids, impurities and matter in suspension.
The precipitate which does not settle in the passage down
the downtake drops out during the very slow rising in the increased area of the uptake, leaving practically no work to be
done by the filter. The clear purified water then flows by gravity
to the storage tank.
The mechanism for mixing and handling the softening solution is situated at the ground level. In the upper tank fresh
burned lime is slaked in sufficient amount for twelve hours' operation. After slaking, the valve is opened and the lime-milk drops
into the lower tank through a screen that removes the foreign
matter. Soda-ash in the proper amount is then added, and the
whole solution thoroughly stirred and kept in constant motion
by the agitator. The shafting operating the agitator also operates
the pump. The pump, drawing the solution through a fine
strainer, raises it to the chemical tank at the top of the tower.
Any surplus is returned to this lower tank by overflow pipe. The
power for running this mechanism is furnished by a water motor.
The water enters the motor, revolves it and then passes out
through the pipe on opposite side and up into the oscillating receiver. Since the motor is of the direct and positive type and a
free exhaust is unnecessary, there is no waste of water. With
an effective water pressure of three pounds, sufficient power is
furnished by the motor.
These solution tanks are made of such proportions as to contain from twelve to twenty-four hours' supply, from which it
can be seen that the man in attendance needs to spend but fifteen
to thirty minutes each day at the plant, after which the machine
will automatically care for itself as long as there is any softening
solution remaining.
69
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The crude water flows through a large pipe into a chamber
of the oscillating receiver. As this chamber is filled, the center
of gravity moves till equilibrium is lost and the receiver tips,
pouring its contents into the tank, and at the same time bringing
the other chamber of the receiver beneath the orifice of the supply
pipe.
Above the receiver is the semi-circular reservoir tank containing the softening solution, in the bottom of which is a valve
through which the solution falls into the oscillating receiver. _
This valve is operated at each oscillation of the receiver, delivering a definite, constant amount of solution at each oscillation. The lift of the valve is regulated for any required
amount of softening solution. The oscillator is always operated
by the same amount of water, and the valve, with the constant
head of solution in tank, always feeds exactly the required
amount of solution whether there is one or ten oscillations a
minute. Fixed to the under side of the oscillating receiver is a
paddle which acts to prevent too violent movement of the oscillating receiver and more thoroughly mixes the water with the
softening solution.
The chemical tank has a stirring device to keep the chemicals in constant motion. This agitator is operated by means of
the rod and rocker arm connected with the receiver.
The water, upon leaving the oscillating receiver, passes to
the bottom of the small tank, under the division plate and into
the compartments containing the pipe, thus preventing any pulsations in the main settling tank, and thoroughly mixing the softening solution with the water. The angle at which this pipe is
set causes the water to shoot in such a manner that it is given a
whirling motion in passing down through the cylindrical downtake, as shown in a previous illustration. This whirling motion
causes the precipitated matters rapidly to coagulate and settle
out, almost before the water starts on its final upward course,
thus relieving the filter bed. If water is taken from two or more
different sources, a different softening mixture and oscillator
may be supplied for each in the same softener.
Pittsburgh Water Softener Systems. The Pittsburgh water
softener systems are also made in two different types for softening
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water for use in locomotives. In the intermittent softening system
the raw water to be purified passes into one of two settling tanks.
While this tank is being filled with water, the solution pump
delivers a lime solution from the solution tank into this tank of

Fig. 3.
LONGITUDINAL SECTION OF PITTSBURG CONTINUOUS WATER
SOFTENER SHOWING BAFFLE CHAMBER, MOTOR AND
SOLUTION TANK.
water. When the water is within two feet of the top the soda
ash is introduced in the same manner from another solution tank.
When the chemicals have been added to the water, it is thoroughly agitated from the air receiver where a pressure of from
10 to 15 pmmds of air is maintained with a compressor. Uniform agitation of the water in the tank is accomplished through
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the agitator rings for 15 minutes or longer and the water is allowed to settle for one hour or more, depending upon the quality
of the water. It then passes out through a floating outlet spout
into a filter from which it is piped into the clear water well or

Fig. 4.
KENNICOTT INTERMITTENT WATER SOFTENER.

other point of delivery. When one tank is being emptied of the
purified water the other is being prepared for use.
In the Pittsburgh continuous water softening system the
varying quantities of water are treated automatically with varying quantities of materials proportional to the flow of water.
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The water is pumped but once into the machine and is delivered
at the bottom. After the impurities in the water to be treated
have been precipitated from the water by chemical reagents, they
are removed from the water as it passes through the apparatus,
and the purified water overflows from the top of the softener by
gravity into the storage tank. In this style of plant all of the
operating parts are located upon the ground level, the chemicals
being mixed and applied by positive automatic apparatus which
may easily be cared for and examined at all times. A longitudinal section of this type of continuous water softener is shown
in Fig. 3.
Kennieott Water Softener. The Kennieott system of water
softening consists of automatically treating varying quantities of
materials always in the same proportion, so that the water is
softened continually and automatically. Fig. 4 shows one type,
known as type A. It consists of a tall cylindrical tank with a
platform at its top, on which is located the apparatus for dissolving
the reagents and automatically varying their inlet to the raw water.
In the center of the tank is a conical downtake, within which
is the lime-water saturator ; the mixing-tank for this is in its top.
After reagents and raw water are thoroughly mixed, the
scale-forming substances are deposited at the bottom, from which
they are blown off or run off to sewer. After the water comes
down the central tube it rises through the perforated baffle plates,
upon which plates any remaining precipitate is gathered, after
which it falls off to bottom. These plates never have to be
cleaned. At the top the water finally passes through a wood-fibre
filter, where any precipitate which has gotten through the baffle
plates is taken up; the water then passes through the overflow
outlet to the proper supply lines.
The power for mixing reagents and water is supplied by
the water passing over a water-wheel in a casing, shown in the
illustration. The lime and soda-ash are lifted by the same
power; a drum on the water-wheel shaft, loose fit, is engaged by
a clutch and operates a rope, also shown in the illustration.
The water flows from the "hard-water box" into the
softener over the encased water-wheel; one or more of the reagent. boxes are provided as needed.
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As the amount of the water pumped into the softener varies
the bead of water in the hard-water box it raises or lowers the
float in it. This float is connected to the lift-pipe, so that the
bead of the reagent over the opening in the lift-pipe is at all
times the same as the head of bard water over opening in hardwater box.
One of the first water softeners installed upon the "Harriman Lines" was a Xennicott water softener which was put into
operation at Point of Rocks, Wyoming, in 1900. This type has
an external line dissolving tank supported upon brackets at the
side of the main tank, and it is claimed that with the use of
this softener, five tons of encrusting solids are removed each
month which would otherwise be deposited in boilers of the
locomotives drawing water at this point.
The removal of the encrusting solids from the water is accomplished by adding in correct and exact proportions by the
machinery lime-water and a solution of soda-ash. The limewater is made by putting a weighed quantity of lime in the small
tank shown in the accompanying cut at the side of the main tank
(in later forms inside of the main tank) and passing a stream of
water, of a volume proportionate to the amount of hard water
which is treated through the lime; the water dissolving the
lime as it passes through it. This stream of water enters the
lime dissolving tank at the bottom, and after passing through the
lime continues to rise to the top of the lime dissolving tank and
overflows into the top of the main tank, where it meets the stream
of hard water from the artesian well. The soda-ash is dissolved
in water in a small tank, or steel box, at the top of the softener
and, by an automatic device, the solution of soda ash is added to
the artesian water in the top of the main tank at the same point
at which the lime water flows in from the lime dissolving tank.
The process is continuous, the main tank being always full and
the softened water overflowing into roadside tank at the side of
the softener at the same rate at which the artesian water enters
the softener. The softener is so arranged, and is of such
size, that the settlings from the water after it is treated collect at the bottom, while the water reaches the overflow soft and
clear. The settlings which collect at the bottom are blown of at
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certain times through a valve into a sewer. The power for operating the plant is derived from a water wheel at the top, driven
by the water which is treated.
The capacity of this type is 8000 gallons per hour. The
source of water supply is artesian well water, which has an average hardness before treatment of 21.19 grains per gallon, and
after treatment the hardness is reduced to 4.51 grains per gallon.
It is claimed that the cost of treating this water is one per cent
per thousand gallons.
Another form of Xennicott water softener, which is known
as type "B" is used on the Southern Pacific Railroad and the
Cleveland, Cincinnati and St. Louis (Big Four) Railway, the
capacity of the softeners used on the former road being 15,000
gallons per hour, while those used on the Big Four system have
a capacity of 30,000 gallons per hour.
With the type "B" "Kennicott" the lime used in treating
water is in the form of Milk of Lime. The water for treatment
enters an oscillating receptacle, or tipping box, having two compartments and so attached to the shaft that when one compartment fills with water to a certain point, the weight of the water
causes the oscillating receptacle to move downward around the
shaft, allowing one compartment to empty, and at the same
time bringing the other compartment into position to be filled.
When the other compartment is filled with water to a certain
point, reverse action takes place, allowing the other compartment to empty and bringing the one again into position to be
filled. The oscillating receptacle being rigidly attached to the
shaft, a rocking movement through an arc of about 90 degrees
is given to the shaft by the movement of the oscillating receptacle. The movement of the shaft operates cups which feed the
Milk of Lime from the box containing it into the water to be
treated immediately after the water leaves the oscillating receptacle. Solutions of other chemicals used in treating waters are
fed in the same way.
After the chemicals have been added to the water by the
above described apparatus, it flows into the steel tank, the interior of which is so divided and arranged that the settlings from
the water collect in the bottom of the tank and at certain times
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are drawn off into a sewer through a valve, while the water,
softened and clarified, flows from the tank at a point near the top
of the tank continuously at the same rate at which the hard water
enters the chemical feeding apparatus.
Six water softeners of the type shown in Fig. 4 are used
upon the Vendalia Railroad between Indianapolis and St. Louis.
The capacity of each softener is 20,000 gallons per hour, the
hardness of water before treatment averaging 21.00 grains per
gallon and the hardness after treatment 2.63 grains per gallon.
The six softeners cover a distance of 240 miles. One is installed
at each of the three roundhouses of the road. The passenger locomotives are able to use treated water exclusively; freight locomotives must take some water at stations where there are no softeners.
Lime and soda ash are used to treat the water. Milk of
Lime and a solution of soda ash are made at intervals of twelve
hours in the small house on the ground, and separately raised
by means of a small pump to steel boxes in the house at the top
of the softener, from which the soda ash solution is added auto
matically in exact proportion to the hard water which is to be
treated. In the tank within the softener the Milk of Lime is dissolved, forming lime water, and by the same process the lime
water is also automatically added in exact proportion to the
hard water. The action of the softener is continuous so long
as the bard water is allowed to enter the softener.
The Superintendent of Motive Power of this road in his
report gives the following figures upon the results obtained from
the installation of these softeners:--A reduction of 92.3 per cent
in the number of trains given up; a saving of 80.5 per cent of
time lost owing to engine failures; a reduction of 68.9 per cent
in the number of delays; an increase of 39.4 per cent in the
average mileage between repairs in classes 2 and 3; an increase
of 10 per cent in the average mileage between repairs in classes
2, 3 and 4; a reduction of from 30 to 14 in the number of boilermakers employed in the Terre Haute roundhouse; a decrease of
41 per cent in the cost of boiler repairs and an additional 4,000
miles per month more for each pool locomotive.

WATER SL PPLY AND WATER SOFTENING. 931

REVIEW QUESTIONS.
WATER SUPPLY AND WATER SOFTENING.
1. Describe two methods by means of which locomotive
tenders are filled along the road.
2. What is the importance of using good feed water in
locomotives ?
3. What is the composition of pure water both by weight
and by volume?
4. What is the most desirable feed water for a locomotive
boiler ?
5. Name six impurities likely to be found in boiler water.
6. What are the properties of calcium sulphate, and explain why it forms scale in the boiler ?
7. What compound is most generally used to prevent the
calcium carbonate in the water from forming scale?
8. When sulphate of soda is placed in a boiler how can
it best be gotten rid of ?
9. How would you test a water to find if it is hard or soft?
10. IIow would you test a water to see if it contained
magnesia ?
11. What are the principal troubles caused by impure
water ?
12. Suppose priming was caused by large quantities of
carbonate of soda, what compound would you use to prevent it ?
13. Name two types of water softeners in general use.
14. What are the advantages of the intermittent type of
water softener ?
15. Name some of the advantages of the continuous system
of water softening.
16.

What are the principal reasons why railroad systems

are now using water softening so extensively?
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17. How many pounds of lime would be required to soften
water containing 100 pounds of calcium carbonate?
18. If a certain quantity of water used per day contains 50
pounds of calcium chloride, how many pounds of soda ash would
you use to neutralize it ?
19. Upon what does the amount of incrustating solids going into a boiler daily depend ?
20. Why would you expect a saving in power when a locomotive uses softened water?
21. Describe briefly one general method of determining
when water softening would pay for the chemical treatment.
22. Name four different types of water softening systems
used on railroad systems.
23. Describe briefly the We-Fu-Go continuous system of
water softening.
24. Describe briefly how water is softened in the American water softening system.
25. Describe how the water is treated in the water softener
used on the Vandalia lines between Indianapolis and St. Louis.

ATLANTICTYPE OF LOCOMOTIVE USEDONTHEBA LTIMORE & OHIO RAILROAD
(Amer ican Loc omo t ive Co mp any }

Feed Water Heaters
While the advantages of beating the feed water before it
enters the boiler are well known, the numerous difficulties which
are encountered in taking care of such an apparatus have always
caused these devices to be looked upon with suspicion by railway
men. In stationary engine practice, a saving of one per cent
is effected for every ten degrees which the feed water is heated
before it enters the boiler, so that it is no small wonder that in
these days when economy of fuel is such an important considera
tion that steps are being taken to bring this important piece of
apparatus to the practical attention of the locomotive designer.
Besides the economy due to heating the feed water, there
is very much less strain on the boiler when warm water is admitted to it. It is well known that the enormous internal strains
caused by the injection of comparatively cold water into a locomotive boiler are responsible for a large part of the difficulty
that has been experienced in keeping the modern large-sized
locomotive boilers from leaking. Experiments with devices for
more thoroughly mixing the entering supply with the water
already in the boiler have resulted in much improvement in this
respect; but it is easily understood that to completely overcome
trouble it would be simply a matter of heating the feed water
to a temperature approximately that of the water already in the
boiler, so that there will be but a slight difference in temperature
when the water is admitted. It is also easy to understand that
whatever heat is put into the feed water before it enters the
boiler will not have to be provided later from the fly-box. This,
of course, provided the heat is obtained from waste sources,
results in either less coal required to furnish the same amount
933

914

935

FEED WATER IIEATERS.

FEED WATER HEATERS.

of steam, or a larger boiler capacity with the same amount of
Coal burned.
These advantages have been given more practical attention
in those countries where the cost of fuel is very high, and where
any device seeming to insure fuel economy has always been given
more careful attention and thorough testing than in this
country, and feed water heaters of various designs have been
successfully fitted to a large number of foreign locomotives. One
of the most successful of these was applied by Mr. Trevithick,
locomotive superintendent of the Egyptian State Railways, and

the upper header being connected to the exhaust pipe from the
pump and the lower header having an opening to the atmosphere.
The feed water circulates around the outside of the tubes.
On leaving the pump the water traverses in succession two
other heaters, one on either side of the smoke-box. The one on
the right is divided into two compartments by a partition, so
that the water traverses twice the length of the heater in passing
through. It then goes to the left heater, in which there is no
dividing partition. These two heaters are heated by part of the
exhaust steam from the cylinders. From these the water passes
to the larger heater in the front end, which consists of an annular chamber containing 265 tubes one inch in diameter and
eighteen inches long, arranged in three concentric rings and
heated by the exhaust gases passing through the tubes. The total
section of the heater tubes, which is but little larger than the
section of the smokestack, is entirely utilized, and their position
in reference to the fire tubes assures a perfect separation of the
escape gases to the interior of all of them. From this heater the
water passes to the boiler through the usual check valves.
Tests which have been made with this heater show that feed
water at 68 degrees F. in the tender is heated up to SO degrees
in the first heater, raised to 159 degrees in the second heater, to
193 degrees in the third beater, and leaves the smoke-box heater
at about 270 degrees F. The estimated saving in fuel is about
sixteen per cent.
The Gaines Feed Water Heater. One of the first attempts
to develop the capabilities of real feed water beating, under
American conditions, is now being made by Mr. F. F. Gaines,
superintendent of motive power of the Central Georgia Railway, who has recently received a Consolidation locomotive from
the Baldwin Locomotive Works fitted with a heater of his design,
which in principle follows that so successfully installed by Mr.
Trevithick.
The constructional features of this heater are shown in
Figs. 2 to 5. It consists of—first, a duplex, horizontal feed
pump, which delivers the water to two heater drums secured beneath the running boards, one on either side, and connected in
series. These drums are filled with small tubes, through the
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an economy of approximately sixteen per cent is reported by
the use of that heater.
Trevithick Feed Water Heater. The Trevithick feed water
heater arrangement is shown in Fig. 1.
The feed water is drawn from the tender and forced into
the boiler by means of a horizontal duplex pump located on the
right side just ahead of the cab. This pump takes steam at
boiler pressure and delivers its exhaust into the first section of
the pump. The first heater is vertical, and contains nineteen
five-eighth inch tubes, which are connected to headers at each end,
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interior of which exhaust steam from the feed and air pumps, and
also some from the exhaust passage of the cylinders, is passed.
The feed water circulates around the outside of the tubes and
absorbs the heat from this steam. It then passes to a heater in
the front end, which is designed along the same lines as used
by the Baldwin superheater. After traversing a path approximately 25 feet long through these tubes and heaters, in which it
absorbs the heat from the end gases, a deflector plate being provided to compel them to pass around the tubes before going to
the stack, it is delivered to the boiler check valve located in the
usual position on the lefthand side.

crusting matter in the feed water upon the tubes of the various
heaters, so that they soon become seriously clogged up and
make the arrangement useless. This difficulty has been considered in connection with designing this heater, as the locomotive
is to be used in service where the water contains little hard scaleforming impurities. Since the temperature in the various heaters is comparatively low, there will be no tendency for this scale
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The water passing through the different heaters is driven at
a very low velocity, not exceeding 16 feet per minute, and hence
is given ample opportunity to absorb large amounts of heat.
Although tests have not yet been completed to show exactly what
temperature is attained at each stage, it is fair to assume from
the figures obtained by Mr. Trevithick that water will probably
be delivered to the boiler at something over 300 degrees; water
or steam at 200 pounds pressure having a temperature of 387.5
degrees.
The principal objection to a heater of this design is the
trouble which is experienced in the depositing of all of the in-
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SECTION OF GAINES HEATER IN FRONT END.

to bake on, and it may be easily washed out. Washout plugs are
provided in the side heaters and the lower drums of the front
end heater. Under conditions where bad water would have to
be used, the heater may be designed so as to permit that section
in which the largest part of the incrusting matter was thrown
down to be removed and cleaned, which would thus give the heater
a very large advantage because of its ability to keep these impurities out of the boiler itself.
Previous to the use of the Gaines feed water heater, the
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heating of the feed water had been confined to attempts to heat
the water in the tank by means of the air pump exhaust, so that
the present experiments being carried on on the Central Georgia
Railway may be said to be a distinct advance in the improvement
of heating the feed water.
Feed water heaters will no doubt require considerable attention at the terminals, and if the cost of maintenance and re-

be some form of successful device for heating the feed water
found on locomotives.
Feed water heaters are used on the large Mallet compound
locomotives built by the Baldwin Locomotive Works for the
Southern Pacific Railroad. In these locomotives the boiler tubes
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Fig. 5.
GENERAL ARRANGEICENT OF GAINES FEED WATER HEATER,
SHOWING COURSE FOLLOWED BY THE WATER.

are 21 feet long. These tubes terminate in a combustion chamber, 54 inches long, in front of which is a feed water heater 63
inches in length. The tubes in the feed water heater are set
in alignment with the fire tubes, and are equal to them in number and diameter.
60

pairs is of any considerable amount, it is probable that this
type will never come into successful use, as the by-word of railroad engineers is simplicity. It may be, however, where softened water is used that a large part of the scale formed will be
such that it can easily be cleaned from the feed water without
much labor and expense. The possibilities of the feed water
heater are very attractive, so that no doubt there will eventually

•
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REVIEW QUESTIONS.
FEED WATER HEATERS.

1. Name some of the advantages of heating the feed water
before it enters the boiler.
2. Besides the economy of heating the feed water, what
other advantages has it?
3. Describe briefly the Trevithick feed water heater.
4. What is the course of the water when flowing in a feed
water heater of this type?
5. Where is the feed water heater located on the engine
in a Trevithick feed water heater?
6. How is the water heated in this type, from the exhaust
gases or from the exhaust steam?
7. In tests which have been made of the Trevithick feed
water heater, what has been the estimated saving in fuel ?
S. Name the principal construction features of the Gaines
feed water heater ?
9. What is the principal objection to a heater of this type ?
10. Describe how the feed water circulates and how it is
heated in a Gaines feed water heater.
11. Where is the Gaines feed water heater located?
12. How is it that feed water heaters are not more generally
found upon locomotives?
13. Describe the type of feed water heaters used on the
Mallet compound locomotive built by the Baldwin Locomotive
Works for the Southern Pacific Railroad.

Superheated Steam for Locomotives.
Among the improvements in locomotive construction none
has excited greater interest in engineering circles than the application of highly superheated steam in locomotive practice. Ten
years ago the possibility of having a temperature of 550 to 650
degrees F. within the restricted capacity of an ordinary locomotive boiler and its safe and economical application was not considered possible. At the present. time, however, it has found successful application in more than 2000 locomotives. Dry or
moderately superheated steam had been tried on different occasions, but without realizing any notable economic advantage in
practice, and it was not until Mr. William Schmidt, of Cassel,
Germany, had developed practical methods of applying high
superheat that its use became possible in stationary engines about
1880. Fifteen years later the first steps were taken in extending it to locomotives, when it soon became apparent that an effective locomotive superheater could only be realized by making
it a closely connected integral part of the boiler itself, receiving
its heat from the live flames of the fire grate and not from waste
gases or an independently fired apparatus, as had been previously
tried.
Properties of Superheated Steam. The method of producing
and using superheated steam will be much better understood by
a preliminary consideration of the more important properties in
which it differs from saturated steam.
The specific volume of saturated steam diminishes with increase of temperature, while on the other hand the volume of superheated steam increases nearly directly in proportion to the
941
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rise of temperature. The specific volume for superheat of 200
degrees is increased approximately 25 per cent, and thus, for the
same cut-off in the cylinder, the weight of steam required is
about 25 per cent less with 200 degrees superheat than with saturated steam with the same pressure.
This increase of volume is, however, a less important advantage than that realized by the suppression of all cylinder condensation when the superheat is sufficiently high. Under ordinary
average working conditions about 35 per cent of the total quantity of saturated steam admitted into the cylinder immediately
condenses without doing any mechanical work, and passes through
the engine as suspended water in the steam. Highly superheated steam, on the contrary, does not lose any of its capacity as
a working agent. This condition is augmented by the low thermal conductivity of the superheated steam.
Saturated steam is a good conductor of heat; highly superheated steam is a very bad conductor. This property, which is
of great value in reducing the loss by cooling in the cylinders, is,
on the other hand, an obstacle to the free transmission of the heat
to the steam in the superheater, and calls for special consideration in its design.
In order to realize the great economical advantage of superheated steam, due to increased volume and avoidance of cylinder
condensation, a certain heat expenditure must be used in order
to effect the saving due to the above items.
The heat necessary to raise one pound of saturated steam
from its proper temperature T to a higher temperature t is:

W, =C (f—T)

•

C being the specific heat of the superheated steam under constant
pressure.
Letting W equal the quantity of heat contained per pound
of steam saturated at this particular pressure, then Wo=W--1-W 1
-=W+S(t—T)exprshavluoftesprhd
steam; that is, the total heat contained in one pound of steam
superheated to the temperature I.
According to the latest researches the specific heat of steam

is not constant, but varies with the temperature and pressure, the
mean values for the temperatures and pressures used in locomotive
practice being about .677 for steam at 185 pounds pressure and
392 degrees F., and .536 for steam at the same pressure, but at
662 degrees F.
Requirements of a Superheater. The heat requirements of
the superheater are not limited to the amount W, necessary for
supplying the actual superheat, but must be supplemented by the
quantity necessary for evaporating particles of water mechanically carried into the superheater. Assuming a degree of humidity in the boiler steam of 7 per cent, which for ordinary locomotive working conditions is certainly not excessive, the heat
demand for the production of one pound of steam at 170 pounds
pressure and 572 degrees F., temperature from the heating surface of the boiler and superheater, will be as follows:

From the boiler surface :—
.93 lb. dry saturated steam..93 X1,194.3—
.07 lb. water at. saturation temp.=.07X340.5=

B. T. U.
1,111
24

1,135
From the superheater:—
Evaporation of .07 lb. water 368.3° F...07 X853.8.
60
Superheating 1 lb. dry steam by 204°..541X204... 110
Total heat required for 1 lb. of hot steam—
1,305
of which 170 or 13 per cent is required from the superheater.
Assuming that 40 per cent of the total heat is developed in
the fire-box and 60 per cent in the tubes, the superheating surface
would therefore be 13 per cent of 60, or 22 per cent of the total
tube surface, and when it is further considered that the best part
of this surface nearest to the back tube sheet is unavailable, it is
readily understood that, in order to obtain a sufficient superheater,
it requires from 25 to 30 per cent of the total tube surface of the
boiler. The superheating surface is not directly proportional to
the degree of superheat, since to require half of the heat, or
say 473 degrees F., considerably more work is called for than will
)e furnished by a superheater of only half the heating surface.
.
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Generation of Superheated Steam. Steam with only a moderate superheat is generally mixed with particles of water or
damp steam, the better conductivity of which wilt rapidly contaminate the whole mixture. In order to supply the heat to all
parts of the steam, it is required that it shall be divided into
numerous thin streams, which by combination with multiple
reversals of direction will insure the thorough mixture of the
moist and superheated particles. It is very necessary that a
high temperature difference shall prevail. That is, the application of highly heated gases is essential.
According to recent experiments, an average temperature
of 570 degrees F. in the steam chest must be obtained in order
to insure the freedom of the superheated steam from saturated
portions. Repeated trials have shown that the coal and water
consumption is decidedly increased when the temperature falls
to any extent below 570 degrees F.
Owing to the small available space in a locomotive boiler,
successful superheating can only be realized by superheaters complying with the following conditions: 1. Application of a sufficiently high temperature in the heating gases. 2. The greatest
possible subdivision of the superheater surface. 3. Mixing the
steam currents on their way through the tubes and lengthening
the passages, so that they are compelled after passing one set of
tubes to return by another. 4. Guiding and regulating the draft
of the heating gases.
Hauling Capacity with Superheated Steam. In addition to a
saving in fuel and water, a further and more important advantage
of superheated steam is to be found in the increased hauling capacity of the engine. In comparative trials of two locomotives
the superheated engine has shown a saving of about 25 per cent
of coal, each doing the same amount of work. It has also been
found in practice that a superheater locomotive can be harder
driven, doing more work than the other engine and still giving a
smaller coal consumption.
Forma of Superheaters. The method of leading the currents,
both of furnace gases and of steam, is of primary importance in
determining the efficiency of superheaters. Care must be taken
the flame, and the
to protect the tubes from the cutting action
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counter cutter principle of bringing the coolest steam in contact
with the hottest portion of the fumes is essenial. The question
whether the tubes should be arranged transversely or parallel to
the current of hot gases cannot be considered as finally settled.
The experience with the stationary boiler, however, would indicate that the latter is more favorable to regularity in heating.
The superheater system must include the largest possible
number of thick small bore tubes to allow of frequent intermixture of the currents, taking care, however, that steam that has
already been superheated should not be brought into contact with
that in a damp or saturated condition.

The velocity of the steam in the superheater must be tolerably
high in order to prevent overheating the tubes. The upper limit
of such velocity is determined by the permissible fall in pressure,
and is considerably higher than with saturated steam, on account
of the increased fluidity due to the complete gasification.
The first practical locomotive superheater used in this country was of the Schmidt smoke-box type, and was used by the Canadiet. Pacific Railway in 1901. This superheater consists of a
series of circulating or superheating tubes placed in the lower part
of the boiler. This form of superheater gives a high decree of superheat, but its expensive and complicated construction and its
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inaccessibility for repairs make it undesirable for general locomotive work.
Schmidt Superheater. Another form of superheater, also of
the Schmidt design, is known as the smoke-tube type, and is
shown in Figs. 1 and 2. This type has been used on several engines for a number of years, and is said to give entire satisfaction, showing, as it does, a saving in fuel over engines of like build.
Its construction is as follows: A double chambered header ex-
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heating tubes. These circulating tubes extend downward at an
angle to a point in line with their respective smoke tubes, where
they turn and enter the smoke tube to within thirty inches of the
back flue sheet. At the fire box end a return bend is applied to
make a connection between two circulating tubes, one leading
from each of the chambers and secured to the same block. Thus

Fig. 3.
COLE SUPERHEATER.

tends horizontally across the front flue sheet and at right angles to
thed ry pipe, to which one chamber is connected, while the other
chamber is connected to the other end with a steam pipe. The
under surface of this header is faced and in it are eight series of
ports or openings, the alternate ports in each series leading to one
of the two chambers. To this under surface are suspended by
means of straps, bolted to the header, square blocks, into each of
which are secured two seats or pairs of circulating or super-

the steam, leaving the dry pipe passes through one chamber of the
header out through one circulating tube and back through its complementary tube. It then goes through the other chamber of the
header to the steam pipes, and then to the steam chest.
Cole Superheater. Another type which is used is known as
the Cole superheater. This design consists of eight double-chambered headers, which are secured by four three-fourths inch bolts
spaced six inches apart to the niggerhead. These headers extend
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vertically downward in front of the top sheet, and the circulating
tubes are entered from the back on a line with the smoke tubes,
through holes in the back wall of the header chambers, and are
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been improved in design by using a differently constructed
header with a more substantial fastening to the niggerhead.
This design is shown in Fig. 3. The two chambers of each
header are independent walls, and are joined together by a web.
Vaughan-Horsey Superheater. A somewhat different design
of superheater is known as the Vaughan-Horsey superheater.
With this arrangement there are two elongated chamber castings,

Fig. 5.
BALDwIN SUPERHEATER.

thus made steam-tight. A plugged hole in the front face of the
header permits the expanding and fastening of the ends of the
tubes in the heater, as well as the plugging or working on them
in case of their becoming ruptured or leaky. This type has

each entirely independent of. the other, and each being cast with
a series of fingers which act in the capacity of headers. One
chamber casting, which acts as a niggerhead, is bolted centrally
to the dry pipe in such a manner as to have the fingers extend vertically downward, while the other chamber casting, fastened at
either end to a short steam pipe, has its fingers extending upward.
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These fingers, when in position, interlace, but with sufficient
space between them to permit the introduction of the circulating
tubes. This arrangement is shown in Fig. 4. One end of the
circulating tubes has a collar upset on it, and the end of the tube
is then so bent that the milled face of the collar will be parallel
to the length of the tube. With a steel union nut the bent end
of the circulating tube is secured to a drop forged two or four-way
passage, which is secured into the upper face of one of the fingers of one chamber, while the corresponding end of the companion tube is similarly secured to an adjacent finger of the other
chamber. These passageways are in line with the smoke tubes,
the same as in the Cole and Schmidt superheaters.
Baldwin Superheater. The latest type of superheater which
has been used is the Baldwin superheater, shown in Fig. 5. This
superheater is of the smake-box type, and consists of only two
headers on either side of the smoke box, the two on either side
being connected by a series of circulating pipes which are bent
to conform to the shape of the smoke box. Two methods for connecting the headers to the niggerhead and steam pipes are provided for, one with the steam entering the heater at the top back
end and emerging at the lower front end, and the other with the
steam entering at the top front end and emerging at the bottom
back end. The diaphragms are employed in the stack to circulate
the gases about the superheater tubes.
With the smoke tube type of superheaters the number of
circulating tubes depends largely upon the size of the boiler, and
it is usual to use 22 smoke tubes placed in the upper part of the
boiler, with two sets of circulating tubes in each. The smoke
tubes are five inches outside diameter at the front sheet, into
which they are expanded and beaded over. This diameter is
maintained to within seven inches of the fire box end, where it is
wedged down to four inches, and enters the sheet at that diameter.
The hole in the fire-box sheet is threaded, and the tube is screwed
into the sheet and then beaded over. The circulating tubes are
all cold drawn steel, one and one-quarter inches outside diameter,
and extend into the smoke tube to within 30 inches of the fire-box,
where the return bend joins the two tubes together, and all four
circulating tubes are separated, as well as being supported in and
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held away from the walls of the smoke tube, so as to permit the
circulation of the gases. To protect the tubes, when no steam
is passing through them, a damper is placed in the front end
immediately below the large smoke tubes and between the superheater and flue sheet. This damper opens and closes automatically with the opening and closing of the main throttle by means
of a cylinder piped to the steam way in the cylinder saddle, and
a piston and weight attached on the outside of the smoke-box to
an extension of the damper rod.
Lubrication when Using Superheated Steam. One of the difficulties which has been experienced with superheated steam is
that of getting oil to the valves and pistons; but recent experience has demonstrated that, when properly piped, the
hydrostatic lubricator will deliver oil in sufficient quantities
at all times, and that the usual amount of the better grades
of valve oil is sufficient for lubricating valves and pistons.
There are several methods of oiling valves and cylinders when
using superheated steam. One method is to use an independent
pipe to the valve chamber and cylinder, while another is to feed
all the oil through the steam chest and cut out the feeds to the
cylinder. It has been found on engines of the Canadian Pacific
Railroad that there has been very little trouble due to the wear
of the steam chest and cylinders; the principal cases of excessive
wear being in the packing rings, due partly to insufficient lubrication and partly to soft material.
Experience with Superheaters. The principal experience
with superheaters has been chiefly on the Canadian Pacific Railroad, where there are several hundred in use, and it is due to this
experience that the defects of the superheater have been removed.
According to their experience with various forms of superheaters
described above, they have found that the Schmidt smoke-tube
design has required the least attention when once the equipment
is made steam-tight. The most trouble with the several designs
has been with the Cole, which has failed to give a very high degree of superheat and often becomes overheated, the tubes blistering and blowing out.
With the Vaughan-Horsey type a higher degree of superheat
is obtained, and the defective parts are more readily repaired and
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renewed, the chief source of trouble being that the circulating
tubes are liable to leak. The more recent designs, however, of
this type have made failures less frequent, while it is expected
that with the more increased use of not only this type, but all
other types, the superheater will become an apparatus of standard
design and reliability.

The Value of Superheat in Reducing Condensation, When
using saturated steam in the engine cylinder, there is considerable
condensation of the entering steam, which is later evaporated and
passes through the cylinder without doing any work, and which
may even, if the piston speed is sufficiently high, remain as water
in the cylinder. This amount may be considerably reduced when
a sufficient degree of superheating is adopted. With superheated
steam, there is a surplus of heat above the saturation temperature, and while the steam is somewhat cooled, it is not sufficient
to cause condensation. During the exhaust the heat demand on
the cylinder walls is comparatively small, especially when a slight
superheater still remains, partly because such steam is a poor conductor of heat, and particularly because such heat is directly applied to raising the steam temperature and not for evaporating
water. The use of superheated steam, therefore, is attained
with a much smaller heat interchange, and the mean temperature
of the cylinder walls is kept at a higher point. Only by a very
high initial superheating of the steam can cylinder condensation
be prevented during the entire working stroke, and this has been
objected to on the ground that with such excessive heating the
superheat is not entirely expended, and the exhaust passes out at
an unnecessarily high temperature. Upon these grounds it has
been proposed to limit the superheat so that at the end of the
stroke the exhaust will be in a saturated state. The constantly
varying demands upon both the boiler and engine of a locomotive
necessitate a considerable margin in the power of the superheater
above that calculated for normal use, and it would hardly be satisfactory to design a superheater to give this condition. Numerous
trials have shown that the greatest economy is invariably obtained
with the highest steam temperature, notwithstanding the increased
temperature of the exhaust steam consequent upon its use.
The difficulties anticipated by many railway experts, as
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likely to arise from the working parts when continuously running under highly superheated steam ? have not, in the large
number of locomotives now in use, given rise to any practical
ingonvenience. Minor difficulties have been completely over-

come, and forms of pistons, piston valves and stuffingboxes are used, which have since proved to be perfectly
durable under the highest steam pressures. Lubrication troubles have been eliminated by the use of oils of a sufficiently high
flash point, combined with a simple method of oiling under
pressure.
Repair of Defective Tubes. Should one of the circulating
tubes of the Schmidt smoke-,box type become defective, the trouble must be located, the front end must be torn down and the defective tube replaced. With the Cole type a defective tube, when
located, may be plugged by removing the plug from the front
face of the header and inserting a plug through the hole into the
circulating tube. This, however, is only a temporary repair,
and when the tube is removed it necessitates taking down the
header with the other circulating tubes attached to it. With the
Vaughan-Horsey type a defective tube may be repaired by removing the front bolts, uncoupling the defective tube, and screwing a cap on the passageway until a new tube is inserted. Defective tubes may be located by means of water, the same as locating a leaky steam pipe.
Meaning the Tubes. Unless the cleaning of the tubes in superheaters is thoroughly and regularly done, there will be a considerable deterioration in the efficiency of not only the superheater, but of the engine itself. With any kind of soft coal, cinders are bound to collect in the large smoke tubes and fill in and
around the circulating tubes, and it is found that the air blast
usually applied is not sufficient to remove them. A strong pressure of water is therefore necessary to thoroughly cleanse the

tubes, and this should be resorted to at least at every washing out
of the boiler. Circulating tubes which have been examined after
an extended service in superheaters have been found to be incrusted with from one-sixteenth to one-eighth inch of soot, and
it is recommended that a sand blast be resorted to occasionally to
remove this soot, the same as in oil-burning engines.
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Operating Superheaters. In the ordinary operation of an engine containing a superheater, the engineer must see to it that the
superheater damper is properly working at all times. If the
damper sticks in the closed position, the superheater is useless,
and the total heating surface of the engine may be materially reduced. If the damper sticks in the open position, there will be
a deterioration of the superheater tubes, resulting in their finally
breaking and causing an engine failure. While the engine is
working the circulating tubes should, when conditions permit,
be kept full of steam at boiler pressure, and to accomplish this
the engine should be worked with a full throttle and the cut-off
regulated to suit the conditions.
The Atchison, Topeka & Santa Fe Railway has a number
of Pacific type and Consolidation type engines with superheaters,
some of which are equipped for burning coal, and some are arranged for burning oil. These locomotives carry a boiler pressure of but 160 pounds, and are fitted with very large simple cylinders, so as to take advantage of the full adhesive weight with this
low boiler pressure. The difficulty from condensation, which
would be greatly increased because of the large increase in the
area of the walls in these cylinders, has been reduced by the installation of smoke box superheaters in all of the locomotives.
The superheaters are of the Baldwin type, and are not intended
or expected to deliver highly superheated steam, but simply to
give sufficient superheat to overcome the excessive condensation.
The principal advantage gained by this arrangement is the reduction in boiler troubles and ease of maintaining full pressure,
especially in bad water districts where great difficulty has been
found in keeping boilers tight.
The superheater is arranged on the Pacific type engines
so that the saturated steam enters the superheater at the front. end
and works backward, the final outlet being at the end nearest the
front tube sheet, or at the point where the hottest gases are found.
It has a heating surface of 709 square feet. The superheater on
the Consolidation locomotives has a heating surface of 600 square
feet.
Economy of Superheating. The saving in coal, due to the sup ,
presionfcyld sation,whmpleuratdn-
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gine approaches about 25 per cent when compared with that of a
saturated steam locomotive of the same weight, and to 15 or 20
per cent when compared with a two or four-cylinder compound.
For practical locomotive purposes coal consumption alone can be
retied upon for comparison under present conditions. Rules have
been given at various times for determining the saving available;
but these are all based on the assumption that the saving increases
uniformly with the superheat, which, however, is not borne out
by test, as a large saving is not realized with less than 100 degrees
of superheat, and above that point it increases very rapidly.
Tests of a medium pressure simple locomotive with superheated steam made on the Atchison, Topeka and Santa Fe Railway show that an economy in operation of within 5 per cent of
that of the high pressure compound locomotive can be secured,
while the boiler troubles from the high pressure and the extra
maintenance of the compound gear are avoiled. The engine
under test bad 32"x32" cylinders and ample boiler capacity, the
pressure used being from 130 to 150 pounds, with from 30 to 40
degrees superheat. The engine required less repair work than
compound engines of similar size, and also handled much more
satisfactorily the bad foaming waters of New Mexico.

-

OPERATION AND MAINTENANCE OF SUPERHEATER ENGINES.

The following recommendations, as to the operation and
maintenance of superheater engines, were made by the committee
on superheating in its report at the recent meeting of the Traveling Engineers' Association:
In the operation of the superheaters the following suggestions should be carried out:
1. When working steam, open throttle valve fully and regulate with cut-off.
2. Keep water level in boiler as low as in saturated steam
engines.
3. Ascertain that dampers (where equipped) in smoke-box
are working properly, also that the small steam cylinder actuating
these dampers is not leaking through stuffing-box.
61
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4. Be sure that oil is carried from lubricator to each end of
valve and also to cylinder.
5. Any leaky steam joints at cylinders or valves should be
tightened, and if connections or joints of superheater proper
should be found leaking, report at once at end of run.
The work of maintaining and taking care of the superheater
in the roundhouse is enumerated in the following:
1. Keep all steam joints and connections of superheater, as
well as cylinders and valves, tight.
2. Piston and valve rings should have a close fit to cylinder
walls and valve-bushings respectively.
3. Clean or blow out large smoke flues whenever necessary.
The more attention paid to this work, the more economy will be
attained with the engine.
4. The ends of the large smoke flues which originally were
screwed in the fire-box flee sheet, and have given trouble by
leaking, should be rolled and expanded.
5. In renewing tubes of superheater elements, use only seamless cold drawn steel tubing. See that they are put in correct
length, otherwise, due to contraction and expansion, the connections in the U-bent castings will work loose and leak, or tubes will
split.
6. The ends of the superheater elements nearest to the firebox are supported by lugs or legs of the U-bent castings. Due to
the expansion and contraction of these elements, these lugs ride or
chafe the bottom of the large smoke flues. Ascertain if this riding or chafing has weakened the large tube. If so, renew the
tube.
7. Pay attention to the dampers, their lever connections and
the small steam cylinder. Pack the latter whenever necessary,
as any leakage will be detrimental to the operation of the dampers.
See that all hinges of dampers, also the lever connections, are
in good working order.
8. The lubricator should be tested whenever necessary.
9. Injectors must be connected with saturated steam. They
will not work properly with superheated steam.

Locomotive Coaling Stations

a

soo-TON COALING STATION USED ON THE BALTIMORE & OHIO,
LAKE SHORE & MICHIGAN SOUTHERN, NEW YORK
CENTRAL AND ERIE RAILROADS.
(Link-Belt Company)

Locomotive tenders are supplied with coal in various ways.
On the very smallest roads, the coal is sometimes shoveled from
cars alongside of the tender; but it is most usual to find some
mechanical arrangement which loads the tenders automatically.
On large roads, especially at the terminals, the subject of the
proper handling of the fuel is a very important one, as fuel for
locomotives is the largest single item of expense in the cost of
conducting transportation on most American railroads, the cost
varying from 8 to 17 per cent of the total operating expenses.
It is therefore natural that the railroads are devoting considerable time to the inspection, handling and economical use of
the coal used. The fuel resources of this country are not unlimited and the cost of fuel is advancing. Reduced rates and increased cost of labor and material make it necessary for the railroads to study possible economies closely, and there is no more
promising field than the handling and use of fuel on the locomotive.
Advantages of Coal Handling Apparatus, Coal handling apparatus may be adapted to any location or arrangement of tracks,
owing to the flexiblity of arrangement and the comparatively little
ground space which is required, so that it is particularly available
for terminals where space is limited and valuable. It permits of
the establishment of an abundant supply in or near the center of
the terminal, or in such a position that locomotives in passing,
whether on the yard or through the service tracks, can receive coal
without shifting or switching or without appreciable delay. A
single station will serve locomotives on any number of adjacent
tracks simultaneously and in less than one minute. It also enables the locomotive to receive sand and water and discharge
957
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cinders while receiving coal. A coal handling apparatus will
store and deliver to tenders hard or soft coal of any size, and
both kinds mixed in any desired proportion. It will measure or
weigh and record the weight of each amount of coal delivered,
which feature is especially desirable where two or more roads
unite for terminal purposes.
Rquirements of a Locomotive Coal Plant. The requirements
of an economical coaling station for locomotives are as follows:
A locomotive coaling plant should minimize delays to engines while coaling; delays to coal cars; the cost of handling coal;
it may also be desired to accurately measure the coal as delivered
to locomotives.
An ample storage capacity insures against delays, due to
interruption of coal supply, to bunching of engines and to breakdowns, derailments and necessary repairs. At important points,
it is sometimes desirable to provide duplicate machinery.
The roundhouse track arrangement should be as compact as
possible and at the same time allow the necessary free movement.
The question of the proper location of the coaling plant with
reference to the cinder pit depends upon the type of plant
adopted. In cold weather, delay to the engine after the fire is
cleaned is liable to cause leaking, though some of the trouble attributed to this cause is probably due to an unwise use of the
injector.
Providing storage room so as to cut down the delay of cars
as much as possible is very important.
A coaling plant should be designed to take care of all the
coal to be held for emergencies, so that cars can be released
promptly upon arrival. That is, of course, not always feasible.
All plants for self-clearing cars should have the hoppers
wide enough so that the coal can be shoveled from flat bottom cars
by hand if desired, and so that side dump cars can be used.
Self-clearing cars can be unloaded into a hopper for less cost
than unloading flat bottom cars by hand, and should be used
when possible.
The Grade of Fuel to Use in Locomotives. One of the most
important considerations in connection with the question of fuel
economy is the selection of the proper grade of fuel. It must be

fairly uniform in quality, or it will be impossible to use it economically. A front end arrangement, or grates suitable for one
grade of coal, may be entirely unsuited for another, and the fireman cannot obtain good results where the grade of fuel is constantly changing.
There is a great difference in the heat value of different
coals, and while the subject has been given very little attention
by most of the railroads, it is of prime importance. It is of interest to note that as a result of coal tests made at St. Louis by the
united States Geological Survey, the Government is purchasing
coal for about forty departmental buildings in Washington, and
for public buildings throughout the country, on a simple specification, the prime elements in which fix the amount of ash and
moisture in anthracite at seven per cent. Premiums are paid for
any decrease in the ash content up to two per cent above the
standard, and corresponding penalties are fixed for any increase
in ash above the standard. Better and more complete specifications, but more difficult for the dealer to fulfill, have been fixed by
a few of the largest manufacturing and power concerns of the
country, in which penalty and premium are paid not only on account of ash and moisture content, but also on the basis of the
British thermal units as specified in the contract.
It is possible, on a railroad, to make simple evaporative
tests, in actual service, by which the comparatve heat values of
the different coals may be determined. These results will enable
the railroads to place their coal contracts to the best advantage.
Methods of Handling Fuel. Where the quantity of coal
handled is small, and especially at terminal points where the engines lie over night and the coaling can be done by the hostler or
watchman, coaling direct from the cars is the cheapest. This
work can be aided by elevating the track on which the coal cars
stand from two to four feet above the locomotive track.
Shoveling from the coal car direct into the locomotive has
the advantage that it delivers the coal in the best possible condition. Crushing, clue to handling, is kept at a minimum, and large
lumps can be broken up ready for the fire by the shoveler. The
tendency of large bins to separate the slack from the lump is
avoided.
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Coaling from Cars with a Jib Crane. Where the engines are
needed as soon as they can be cared for, where they come bunched,
or where the hostlers cannot do all the coaling in connection with
their other work at the time desired, in addition to the elevated
track, an elevated platform with buckets of about one ton capacity, into which coal can be shoveled at different times, may be
used to advantage. These buckets may be raised by a jib crane ;
whicanbeoprtdy aifomtheng,d
may be emptied when the engines come too fast for the men to
take care of them. By this method the cost can be kept down to
almost that of coaling direct from the cars into the engines.
These buckets can be used for emergency coaling stations enroute
where coal is only occasionally required.
By having, instead of buckets, small dump cars on an elevated platform, and the coal car track considerably above the
track on which the locomotive stands, more engines can be coaled
quickly.
Williams-White Type.

By still further increasing the elevation, the shoveling can be done directly into bins, by which the
amount stored can be increased and a larger number of engines
accommodated promptly. These bins can be filled with different
amounts of coal, so that, by selecting the bin, the amount needed
can be obtained. With all of the designs, thus far considered,
fiat-bottom cars are practically necessary.
Trestle Type. The next step is the construction of the high
trestle, with the coal car track on top of the storage bins, thirty
or forty feet above the engine track. The cost of switching is
increased, but by the use of self-clearing cars, the cost of delivering coal from the ears to the bin can be almost entirely eliminated.
The maximum grade of the approach desirable is usually considered as five per cent. Where the coal is not shoveled, this type
of plant keeps the breakage of the coal at a minimum of all plants
where the coal is not shoveled by hand. In considering the expense of operating these plants, the cost of placing the ears on the
trestle by a locomotive, an expensive and dangerous operation,
is not ordinarily included.
Power-operated Trestle Type. Instead of using a locomotive
to place the cars, these plants can be equipped with a hoisting engine, allowing the use of a twenty per cent grade. The ma-
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REINFORCED CONCRETE COAL AND SAND STATION, NORFOLK
& WESTERN RAILWAY, CONCORD, W. VA.
Capacity, 260 Tons Coal, to Tons Dry Sand and too Tons Wet Sand.
(Link-Belt Company;

PENNSYLVANIA RAILROAD COAL AND CINDER STATION
Located at Gray's Ferry, Phila. Sixty Locomotives are Handled a Day
(Link-Belt Company)
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chinery costs less than the trestle approach, much ground space
can be saved and the operation is cheaper and safer when the cost
of switching is considered. This type ordinarily increases the
possibilities of providing storage room and does away with a considerable liability to accident.
Where two or more tracks are to be served and the necessary
room is available, the coal car track can be put at right angles to
the locomotive tracks. In some cases, where it is desired to coal
on four tracks or on two main tracks, duplicated plants are constructed.
The trestle types are handicapped by the fact that the structure
must sustain heavily loaded cars and also either locomotives or
have power available to raise the cars. The costs per ton for
maintenance are higher than is generally assumed, and if a fireproof structure is built, it would be expensive. They ordinarily
cannot be placed in the most desirable location, and are not available in many cases where the room is cramped.
Locomotive Crane Type. At terminals where the demands
are not too great, coaling can be done by means of a locomotive
crane handling the coal direct from fiat-bottom cars to a locomotive. This crane can also help switch coal cars, if necessary, and
can handle cinders and sand. To allow the use of drop bottom
cars, a pit can be constructed from which the crane can handle
the coal. To-avoid delay of locomotives, a trestle can be constructed on which the crane can work, so that it can load direct
into bins, in which a fair amount of storage room can be provided.
The bins are not protected from the weather, and the coal and
gates are liable to be frozen up.
With the necessary tracks, the pit and the hoppers, it will be
found that this sort of a plant has a considerable first cost. Its
cost of operation depends upon the work which can be provided
for the crane at spare times. Its value is great in emergency situations and at points where, because of impending changes, the
constriction of a permanent plant is unwise.
At a large terminal, where the conveyor plant is used, a locomotive crane would be very valuable to handle cinders and sand
and also coal during a possible breakdown of the conveyor. The
practical limit of a locomotive crane is said to be about 70 engines
a day. The fact that it can unload direct from a fiat-bottom car
is much in its favor.
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Clain-shell Bucket and Trolley Type. A type of plant using a
special bucket of the clam-shell type operated on a trolley has
been suggested. This can handle coal direct from a pit or from
flat-bottom cars into bins over the tracks, and can also handle
cinders. While this device has not yet been tried for coaling locomotives, it is receiving more or less attention, and will undoubtedly be tested soon. The number of tracks it can serve is
unlimited and the mechanism is simple. The horse-power required is small and the first cost is not excessive. This type
would be especially valuable where self-clearing cars cannot be
regularly obtained and where large storage is desired. It is
believed that with a plant of this type coal can be handled from
flat-bottom cars at a reasonable cost. There should be no difficulty in getting an actual working capacity of seventy-five tons
an hour, which is ordinarily ample.
Balanced Two-bucket foist. When the space is more or less
limited, and the amount of coal to be handled and stored is not too
great, and deep foundations can be constructed, the coal can be
lifted into bins by means of two large buckets, operating opposite
each other, so that when one is lowered the other is raised. The
coal is delivered into the buckets by gravity from the bottom of
a pit under the coal car track through a gate worked by the
operator of the bucket. The bucket is automatically dumped into
the bins at the top. It requires the continuous attention of the
man operating it, but is an efficient machine where the requirements are not too great. The storage room in the bins is limited
by the fact that this plant has practically but one point of delivery into the bin.
Link-belt Type. The bucket conveyor of link-belt type
requires a small ground space, has great flexibility of adjustment
to suit different conditions, and can be used for almost any situation desired. With the softer grades of bituminous coal, such as
that from the Indiana fields, these plants tend to break up the
coal. Many of these plants are in operation, and, where well
cared for, are giving excellent service. This type of coal handling
apparatus is shown in Fig. 1. The expenses of power and repairs are not great, and, where the conditions are such as to
recommend their construction, they give good ,service at a reasonable cost.

REINFORCED CONCRETE COAL AND ASHES STATION
Pittsburg & Lake Erie Railroad Co , Pollock, Pa.

LOCOMOTIVE COAL AND CINDER STATION
Located at St. Louis, Mo.
(Link-Belt Company)
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Robbins Belt Type. Plants raising the coal on a continuous
belt of rubber and cotton on an incline of about thirty degrees
are coming into use. The maintenance cost is reasonable, and

ASHES CARRIER

Fig. 1.
ENGINE

TAKING COAT.

AND CLEANING ASH PAN SIMULTANEOUSLY.

in most situations it can be as readily fitted in as any other type,
In some locations, where ample space is available, a better stor
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age yard for coal cars can be provided with this than by any other
type, as the receiving hopper can be placed at a considerable distance from the storage bins in any direction. There are very few
parts of this which can get out of order. The ordinary objection
to this type is the expense of belt renewal, but this is only about
0.2 of a cent per ton, a comparatively small amount, which makes
an appreciable difference in the total cost of maintenance.
Precautions Necessary When Handling Coal. With belt or
bucket conveyors, the bins should be designed so as to prevent an
accumulation of slack. Slack coal in considerable masses, which
is not moved for a long time, may cause spontaneous combustion.
If it collects, it -will finally slide out in large masses, so that one
engine may be furnished with a very considerable amount of it,
in -which cases the performance of trains is seriously interfered
with. This trouble can be prevented by designing the bins with
hopper bottoms and by placing the points of delivery into the
bins directly over the points from which the coal is taken. The
slack is then used as it is delivered. If this is not done, the
slack will drop directly from the points of delivery, and large
lumps will roll to the mouth of the chutes.
With some grades of coal, where run of mine or lump is
used, it is necessary to provide means of breaking it up. Breaker
bars can be either placed over the hopper, which will not allow
any coal above a certain size to pass without being broken up, or
else a crusher can be provided. The breaker bars deliver the
coal in better condition, but are more expensive in operation.
Where softer grades of coal are used, it is important that the
plant be designed to avoid breakage as much as possible.
Cinder Stations. The proper handling of cinders is just as
important as the proper method of handling coal, and in a large
number of plants the ash pans of the locomotives are cleaned
while the locomotive tender is being coaled. One arrangement
for doing this is shown in Fig. 1, in which the engine is shown
taking coal and cleaning the ash pit simultaneously, and the
method of delivering coal to the car on the bridge is also shown.
An arrangement which shows eleven engines taking coal, seven
of which are dumping ashes, is shown in Fig. 2. With this
arrangement a car takes ashes from the ash bucket and a car de-

livers coal to the elevator, which in turn is delivered to an overhead distributing conveyor. The method of handling cinders
shown in Figs. 2 and 3 consists of a steel bucket lined with concrete and having overhead trolley tracks spanning one or more
cinder pits. The locomotive discharges fire box cinders and
flue dust simultaneously into tubs, which are then elevated and
dumped into the pocket.
Sand Stations. There is often a sand station connected with
coal storage plants. The general arrangement consists in having
the sand storage bin, the sand dryer, the engine and boiler, in
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Fig. 2.
COALING AND ASH HANDLING PLANT. ELEVEN ENGINES ARE
TAKING COAL, SEVEN OF WHICH ARE DUMPING ASHES.

the opening in the base of the coal pocket. The sand is transferred
from the wet storage to the sand dryer as needed, and it is then
fed to a small belt bucket elevator, which evelates it to the top
of the pocket and discharges it through a spout into the dry sand
bin.
Reinforced Concrete Stations. The liabilities of a coaling station catching fire, either from spontaneous combustion or from
sparks from the engine, are quite numerous, consequently the latest
types of coal pockets are now built of reinforced concrete, or are
of steel construction. The gases, however, from the engine are
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likely to deteriorate steel structures, whereas reinforced concrete
repels any action of the fine gases from the engine.
Weighing Coal for Locomotives. In order to prevent the
wasteful and extravagant consumption of coal, many roads keep
an accurate record of the quantity consumed by each locomotive.
Unquestionably the greatest gains which may be made in fuel
economy are in its use on the locomotive. The enginemen, however, cannot be watched closely and spurred on to better efforts unless a careful check is kept on the coal consumption and on those
things which affect it. This cannot be done unless some means
are provided for measuring the coal issued to each engine with a
fair degree of accuracy. Under proper supervision there seems
to be little question but that the average fireman could save one
scoopful of coal in every ten, and he would be more likely to do
it if the amount of coal that is used each trip is known and this
amount checked up against other engines which make the same
Tun.

In other cases, the uniting of different roads for terminal
purposes necessitates the weighing of all coal delivered as a basis
on which to proportion charges.
Methods of Weighing Coal. There are several methods by
which the coal delivered to the locomotive tenders may be measured with more or less accuracy.
Jib Crane and Bucket System. The simplest method of
measuring the coal is the use of the jib crane and bucket system ;
orwhe"bugisad.Thevrgwitofcalh
one of these buckets or buggies will hold can easily be determined,
and care can be taken to see that they are loaded uniformly each
time. A large percentage of coaling stations where the coal is
weighed belong to this type. The practice of weighing coal by
this method, as practiced by the Nashville, Chattanooga Sz St.
Louis Railway, is as follows:
Two standard sizes of buggies holding two and three tons
of run of mine coal each are in use. It is the duty of the foreman at each chute to see that they are filled to capacity, and a
report is made to the fuel inspector each day as to the initial and
number of the car from which each buggy is loaded, and the
number of the engine to which it is delivered. The fuel inspec-
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a rim, a man shovels the coal down from the sides and back of
the tank, levels it up and marks on a coal ticket the "pounds on
arrival." To this is added the amount of coal taken. It is thus
possible to determine with a close degree of accuracy the amount
of coal used on each trip, and with very little extra expense.
Trestle Measuring Type. Another of the older types of coaling stations which allows the coal to be measured is the low
trestle type with different size pockets into which the coal is
shoveled from the cars. This type of station does not permit the
use of self-clearing cars and is becoming obsolete, but where it is
in use the coal can be measured quite accurately, if the pockets are
properly calibrated.
Overhead Pocket Type. With the large overhead storage
pockets the problem becomes a more difficult one. The scheme
has been tried of suspending the entire pocket and introducing a
weighing dynamometer ; but it is of course necessary to have the
pocket hang plumb in order to get accurate results; a wind or an
eccentric loading interferes with this.
Auxiliary Weighing Pocket. An arrangement which is being -used successfully by several roads is to have an auxiliary
pocket underneath the storage pocket., as shown in Fig. 3. A
simple scale arrangement is -used for weighing this auxiliary
pocket. Accurate results are attained, and it is said to be inexpensive to maintain. The weighing device is generally a recording beam scale, which automatically registers the exact weight of
each draft of coal delivered, thus preventing errors by careless and
incompetent weighers. When this arrangement is used the coal
to be weighed is carried in pockets holding from 10 to 90 tons, each
mounted on a recording beam scale. When coal is to be taken out
the scale beam is first balanced by a sliding balance weight, the
coal is then drawn and the beam again balanced ; this time by
the recording weight, after which the operator merely presses
the lever and receives a card upon which the exact weight of coal
delivered is printed in plain figures. The operator then notes
upon the card the number of the engine supplied and turns it
over to the proper officer.
Cost of Handling Coal. While the actual cost of handling
coal in any case depends largely on local conditions, it may be

said in general that when properly designed apparatus is employed the labor cost should not exceed one cent per ton of coal,
and in large coaling stations it is often less. The cost of handling
coal by a properly designed mechanical station is from 60 to 80
per cent less than by the old method of unloading on trestles and
delivering coal to tenders in barrows. Not only does the modern
coaling station materially reduce the expense of operation, but by
assuring the rapid and systematical handling of locomotives it
exerts an influence on the movement of railway traffic, the importance of which is appreciated by railway managements.
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REVIEW QUESTIONS.
LOCOMOTIVE COALING STATIONS.
1. Name some of the advantages of a coal handling apparatus over the method of hand coaling.
2. Name five necessary requirements of a locomotive coaling plant.
3. How is the best way to determine what grade of fuel
to use on a locomotive ?
4. Is it better to burn a cheap coal or an expensive coal ?
What determines which to use?
5. Describe the method of coaling from cars with a jib
crane.
6. Describe the trestle type of coal handling apparatus.
7. What are the disadvantages of the trestle type ?
8. When can the locomotive crane type be used to advantage?
9. What are some of the advantages of the link-belt type of
coal handling apparatus?
10. Name some precautions which are necessary when
handling coal.
11. Describe one method of handling coal and cinders at
the same time.
12. What is the advantage of weighing coal for locomotives ?
13. Name three different types of coal weighing apparatus,
and which is considered to be the best ?
14. About how much should the labor cost be per ton of
coal handled in large locomotive tender coaling stations?

Engine Breakdowns and Their
Remedy.
One of the most important matters in the operation of a railroad is to prevent the engine from breaking down; or, if it does
break down, to be able to remedy the trouble as quickly as possible.
Engine failures, therefore, probably receive more attention than
any other one thing in connection with the operation of a railroad,
because, if the engine stops, the revenue of the road stops, and
many other things attendant thereon suffer. Delays to traffic
will occur as long as railroads are operated; but with constant care
and the proper attention many of these delays may be either
entirely eliminated or greatly reduced.
In order that the mechanical department of a railroad be kept
in touch with each engine failure, it is recommended that each
road use some systematic course of having each engine failure
recorded. For instance, a telegraphic report, to be followed by
a copy by mail, of all engine failures should be furnished to the
heads of all the departments each morning, and the roundhouse
foreman should have complete information of all failures, so that
a complete inspection can be made immediately on the arrival
of the engine at the terminal.
To further facilitate the mechanical department in decreasing the number of breakdowns, the failures of the engines may be
separated on the daily reports into the following general heads:
Injectors,
Oil Burners,
Foaming,
Leaking,
Not Steaming, etc.

Air,
Blow-off Cocks,
Hot Bearings,
Grates,
Machinery,
62
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From these reports all the failures occurring on each operating
division may be shown in a monthly report, in which all failures
are itemized as follows:
HOT HEARINGS.

Driving Boxes,
Engine Trucks,
Tender Trucks,
Eccentrics,
Crank Pins, etc.

MACHINERY.

Piston Loose,
Piston Bent,
Piston Gland Broken,
Piston Heads Broken,
Piston Follower Broken, etc.

By such a system of tabulation any unusual number of failures due to any one of the foregoing troubles may be readily discovered and such action taken as may be necessary for improvement.
A rigid inspection on the arrival and departure of an engine
at a terminal by both the engineer and roundhouse man, and the
constant attention of the enginemen while on the road, will serve
to improve the service of a locomotive, and with such corrections
of imperfections in design as may be determined from the reports
of failures, is all that those in immediate charge can accomplish,
though the care of an engine both on the road and at the terminal
should occupy the attention of all in the operating department.
Since it is very important that the engine be kept in operation
under all conditions when out on the road, and since all machinery
will break down, it is necessary that the engineer should know
what to do in cases of emergency, so as to be able to bring the
engine and its train into the desired terminal in the least possible
time. While it is often the unexpected that happens, yet the
following breakdowns are the most usual ones, so that if the
engineer understands thoroughly how to remedy them, he will be
in a position to meet almost every condition which may arise.
Besides actual breakdowns, there are a large number of engine
faults that should be reported by the engineer, such as badly fitted
brasses, loose pistons, etc., and in describing the engine trouble the
exact location and side should be given.
Some roads have adopted a method which prevents mistake,
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by numbering the wheels, beginning at the forward engine truck
wheel on right side, going around the tender, and ending with
engine truck wheel on left side, in consecutive number, as wheel
No. 1, No. 2, No. 3, etc. On an 8-wheel engine the left forward
would be No. 16, according to this system.
Causes of Pounding. Some of the various causes for pounds
are wedges not properly adjusted, loose pedestal braces, lost motion between guides and crossheads, badly fitting driving brasses,
improper keying of rod brasses, engine and rods out of tram,
loose piston on rod or loose follower bolts.
A pound in driving box wedges or rod brasses may be located
by placing the right main pin on the upper forward eighth, which
brings the left main pin to the upper back eighth. Then by
blocking the drivers, giving the cylinders a little steam and reversing the engine under pressure, both sides can be tested at the
same time.
When Repair Work Should Be Reported. Crossheads or guides
may be reported to be lined when there is sufficient lost motion
between crosshead and guides to cause a jumping motion when the
pin is leaving either dead center and the crosshead is beginning
the return stroke.
Driving box wedges may be reported to be lined when the
wedge has been forced up as high as it can go and lost motion
appears between wedge and box.
Rod brasses should be reported to be filled when there is
sufficient lost motion to cause pounding.
Rod brasses should be reported to be lined when the key is
down to a point where it cannot be forced down further to prevent
brass working in strap.
Lost motion between engine and tender should be taken up
when there is one-quarter inch or more lost motion between engine
and tender, causing an undue strain on the drawbar by the forward and backward lurching of the engine while in motion, or the
forward lurch in starting. It also causes severe strain on draft
rods.
Engine Disabled on the Road. First, protect the train front
and rear by flags the prescribed distance. Make such temporary
repairs as are necessary to get the train to the next siding, in order
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to prevent blocking the main line. When on the siding make all
the repairs practicable with the tools at hand. If the breakdown
is of such a nature as to prevent the possibility of making even
temporary repairs, so as to clear the main lines, arrange to notify
the nearest telegraph office of your location and ask for assistance.
Derangement of Valve Gear. If an engine suddenly begins
to go " lame," it indicates that one of four things has happened.
Either a dry valve, a slipped eccentric, a loose strap bolt, or an
eccentric blade is loose and has slipped. If, after stopping and
looking it over, it is found that none of the three last mentioned
things is the cause, and the engine is again started, and the exhaust sounds square, it shows that one of the valves was dry, and
that when she was shut off the oil remaining in the oil pipe was
drawn into the valve chest by the vacuum. Sometimes the exhaust will in time wear a hole in the petticoat pipe, and this will
cause the exhaust to sound " lame," or the tumbling shaft may be
sprung, which will cause a longer cut-off on one side than on the
other. In this case there will be two heavy blasts on one side and
two light ones on the other side.
Slipped Eccentric. Place one side of the engine on the cen•
ter as near as possible ; either center will do. Put the reverse
lever in extreme forward motion, and then, with a lead pencil or
the point of a knife blade, make a mark on the valve stem at the
gland. Now, have the fireman put the lever in extreme backward
motion, and if neither one of the eccentrics on that side has slipped,
the mark will come back to very near the same position it was in
when the lever was in forward motion. If it does not come within
a quarter of an inch of its first position, the trouble is on that side,
and if the original marks are on the eccentric and driver axle, the
eccentric may be easily reset.; but if there are no marks, the mark
made on the valve stem at the gland will serve as a temporary guide
in resetting the slipped eccentric.
There are several ways of getting very close to the center.
Move the engine till the center of main axle, main crank-pin and
crosshead pin are on the same exact line on that side, or till the
centers of axles and centers of crank-pins are on the same horizontal line, or till a straight-edge on top and bottom of the main rod
strap comes the same distance each side of the center of the main
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axle. Or, go to the other side of engine, place it on the quarter,
measure from the center of the main axle to the center of main
crank pin, move the engine if necessary till the distances are the
same; the engine will be on the quarter on that side and the center
on the other.
Disconnecting One Side. This necessarily implies that the
engine is to continue its trip. Remove the main rod on one side,
and place the liners and brasses back in the straps. Secure the
crosshead near the back end of the guides with a crosshead clamp,
or with hard wooden blocks, securing the blocks with a rope so they
cannot work out. Don't move the crosshead clear back to the striking point, as the cylinder packing rings may get down into the
port or counterbore. Remove the valve rod and secure the valve
stem with a valve stem clamp, set the valve central upon its seat,
and cramp the valve stem by tightening the gland on one side.
Most engines that use metallic packing are supplied with a valvestem clamp made to hold the valve central upon its seat ; but the
valve can easily be set to cover the ports by opening the cylinder
cocks and giving the engine a little steam. Then adjust the valve
stem until steam is entirely shut off from both cylinder cocks. Do
not remove the eccentric straps or side rods unless it is necessary.
Whenever the eccentric straps are removed on one side, the top of
the link should be tied to the short arm of the tumbling shaft to
keep it from tipping over, which would prevent reversing the
engine. If it is necessary to take one side rod down, remove the
one directly opposite to it. If this cannot be done, then remove all
the side rods. Do not remove the eccentric blades, leaving the
straps on the eccentrics, if they clear everything in all positions;
otherwise they might punch holes in the fire-box. In removing
the forward section of side rods on some makes of 10-wheel, Mogul
or Consolidation engines, care must be exercised where blocking
of crosshead back is necessary. Very often the crank-pin will
interfere with the piston rod key in crosshead. When this is the
case, cut off the key flush with the crosshead or block the crosshead forward.
Disconnecting Both Sides. This implies that the engine is
dead and must be towed in. Remove both main rods and both
valve rods; but it will not be necessary to block either if the crank-
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pins clear the crossheads. Do not remove the side rods or eccentric straps -unless it is necessary ; and when it is considered necessary be sure to take the precautions previously explained.
In freezing weather, if the fire is down, all water should be
drained out of the injectors, pumps, feed and branch pipes. If
there are any frost plugs, slack the joints and let the water out.
If there is danger of the water freezing in the boiler, run it out
of both boiler and tank. See that all oil cups are well filled before
starting. Almost all roads are very strict regarding the speed of
dead or disconnected engines, as the engine is not then counterbalanced perfectly, and is therefore very injurious to the track.
Some of the best roads limit the speed of all heavy engines which
are disconnected on one or both sides, or which have the side rods
removed, or dead engines hauled in a train, to twenty miles per
hour.
Broken Main Rod or Strap. Remove the broken parts, block
crosshead back to within one-half of clearance to keep the cylinder
packing out of the counterbore, disconnect cylinder-cock rod on
disabled side and block cocks open. Shift the valve in the same
direction as piston, if it is a slide valve or outside-admission piston
valve, and in the opposite direction if it is an inside-admission
piston valve. An easy way to remember and distinguish a direct
from an indirect motion is in the position of the rocker arm. With
the indirect one arm is always above and the other below the rocker
box ; with the direct both arms are either above or below the rocker
box. In moving the valve give it just enough opening to show
steam at the cylinder cock, which will take the pressure off the
blocking.
Broken Side Rod or Strap. Remove the broken rod and the parallel rod directly opposite to it. If it is a ten-wheeled engine,
and this cannot be done, remove all the side rods. If a front or
back rod or strap on a twelve-wheeled engine, remove the broken
rod and the one directly opposite to it, if this can be done, and
leave the others up.
Broken Cylinder Heads. If the back bead is broken, disconnect the engine on broken side. If it is necessary to remove the
guides and broken head, then remove the piston also.
If the front head is broken, disconnect that side of the engine.
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It may also sometimes be possible to block the head with heavy
blocking, using a screw jack placed against the pilot timber ; but
the time taken to do this would often counterbalance the advantages
gained.
Broken Steam Chest or Cover. When the break is not a bad
one, wedging between the chest and bolts is sometimes successful;
but where the break is a bad one remove the cover, block the supply
ports, which on modern engines are at each end of the cylinder ;
withblockngfsueitobhldwnycver,isconnect the valve stem only, block the cylinder cocks open, and
proceed on one side. The same method applies to a broken cover.
Metallic Packing Giirng Out On the Road. Take off the stuffing-box or packing case, and if any of the old packing is left, leave a
ring of it in the cone or cup; then make, out of wicking or other
available substance, a ring of packing sufficiently large to fill the
balance of the space in the cone, after which push the cone back
against the " follower " on the end of the spring, put on the stuffing-box and go along.
Broken Piston. If the piston is broken and the piston rod
bent, remove both, disconnect the valve stem and cover ports.
Broken Piston Rod. If the broken rod has taken the cylinder
head along with it, disconnect the valve rod and cover ports.
Broken Crank-pin. With a broken main crank-pin, on any
class of engine, take down all side rods, and be sure that the crankpin on the forward wheel does not interfere with the crosshead in
blocking the latter. With the back crank-pin on a Consolidation
or a ten-wheel engine, proceed as with a broken side rod ; but with
the crank-pin of an intermediate, otherwise known as driver No. 2,
take down all side rods and run in light with the main rods up.
Remember that taking down one section and not the other on the
opposite side is dangerous. There is nothing to pull the wheel on
the good side off the dead center. In only one case is this permissible—when the eccentrics are on the first or leading, and the main
rod on the second or main drivers. In this instance, if the forward section, with a solid end, breaks, the other side is to be left
up, so as to control the valve motion on the good side; but the
valve gear on the crippled side must be disconnected.
Broken Crosshead. If the break is with a four-bar guide or a
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Laird guide with you, block ahead and let the main rod rest in
yoke; but the butt end brass and strap must come down, otherwise
the rod will interfere with main pin. If the crosshead is of the
alligator type, and the yoke 'secured near the middle of the guide,
block back and take down the main rod. It is always a good plan
to allow enough port opening, in blocking valve central, to admit
a little steam against the piston in the direction of the blocking.
Remember also that an outside admission valve is pushed in the
same direction as the piston, and an inside admission in the opposite direction.
A slight break, such as a gib or plate, may sometimes be
clamped, but be careful that the clamp does not strike the guide
block at extreme travel of the crosshead. If it is a bad break,
disconnect the broken side. If the piston is not broken, push it
against the forward cylinder head, and then block the crosshead
in that position. If the crosshead is broken so that the crosshead
cannot be blocked, the safest way is to remove the piston. If it
cannot be taken out, set the valve so as to admit steam to the back
end of cylinder only, and clamp valve stem securely in this
position.

Bioken Eccentric, Eccentric Strap or Blade, Broken Valve Rod,
Broken Rocker Arm, Broken Link or Pin. Take off both eccentric
straps and rods on that side, fasten the top end of the link by
tying it to the link hanger and tumbling shaft arm so that it cannot tumble over and interfere with reversing the engine. Place
valve to cover steam ports, clamp the valve stem so it cannot move,
disconnect the main rod and block the crosshead. With a heavy
engine a better way is to take off the eccentric straps; tie the top
of the link to the top end of link hanger ; block the valve in such a
position that it will admit a very little steam to the back steam port
to lubricate the cylinder; have the lubricator feeding to that side.
Take out the cylinder cocks, or block them open on that side and
any relief valves there may be in the forward cylinder head, leave
the main rod up and proceed. If the engine gets caught on the
center, close the cylinder cock opening in the back end of cylinder ;
steam leaking by the valve will soon move it off the center ; then
open this cylinder cock and go ahead.
Broken Valve Seat. When a seat is broken the engine usually

••
ENGINE BREAKDOWNS AND THEIR REMEDY. 9T9

z

z

7.
c
t.1
P.

(3 7

5d
ig g
v7 v

a
x .P
O5
LT.7

124
J.
f:4
0

❑

0
2

0

a.

blows through on that side, how badly depends on what is broken
and whether the valve is also broken. If the bridge or partition
between the steam port to one end of the cylinder and the exhaust
port is broken, when the valve uncovers that steam port live steam
can get to the exhaust the full size of the broken place. If it is a
false valve seat, it may be broken so badly that steam will blow
through it in any position of the valve. When a valve seat breaks it
usually catches the edge of the valve and springs the valve rod,
the rocker arm or the eccentric blade, in which case an inspection
of the engine should show the damaged parts that are outside the
steam chest. If the valve catches so the engine cannot be reversed,
it is an easy matter to locate the trouble by holding a hand on the
valve rod while the lever is moved; if that side catches, it is soon
felt.
After locating the trouble, take up steam chest cover and
block over the openings to keep the steam from passing through.
A board covering both steam ports and the exhaust port will do
this ; in the case of a false seat take out all the pieces, if they
cannot be fitted steam-tight. Usually the valve will have to be
left out and a block fitted in between the board and steam chest
cover to hold the board from rising up when engine is shut off and
drifting. In the case of a balanced valve, the top of the valve
comes so close to the pressure plate that the valve will not go in
again with a board under it, nor can the broken false seat be taken
out and the balanced slide valve be dropped on the cylinder casting,
unless the top of valve is also blocked to keep steam out of the
exhaust cavity of the valve. Some false seats are fastened to the
cylinder casting by tap bolts going into the lands and bridges between the ports, in which case the broken seat cannot be taken out,
but must be covered so that steam cannot get by it. After locating
the trouble, disconnect the engine on that side, taking down the
main rod and blocking the crosshead. It is usually necessary to
take off both eccentric straps and rods, as the bottom rocker arm
may be bent out so the link will be cramped on the block. If, after
disconnecting, the reverse lever cannot move both links easily, uncouple the link hanger on the disabled side from the tumbling shaft
arm.
Broken Valve. With a valve badly broken, remove the valve
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and block on the top of steam ports with sheet iron and wood at your
command. With a balance valve, where the space between the
valve and valve table is from 1-16 in. to 1-8 in., use sheet iron on
the face of valve and blocking at either end. Take out cylinder
cock valves and leave main rod up. For a broken piston valve, if
the break is not a bad one, shift valve enough to stop the blow, and
clamp valve stem at one end and extension rod at the other end.
Where there is no extension rod, block between valve and forward
head.
Broken Release Valve. When a release valve is broken it
does not imply that the valve is entirely useless. Remove release
valve casing from chest and insert a wooden plug in casing and
screw it back again. If there is a spare washout plug on the
engine, remove the casing and screw the plug in instead.
Broken Valve Yoke. A valve yoke usually breaks off at the
neck of the valve stem. It can be readily discovered in the exhaust by a tremendous blow. If the valve is pushed far enough
ahead, it will blow; if not, it is often mistaken for a slipped
eccentric (examine the eccentrics first). It may be discovered in
this way: Place the crank-pin on the top or bottom quarter and
reverse the engine; if the steam still continues to come out of the
stack cylinder cock it is usually the yoke. A great diversity of
The old and safest way is to raise the chest cover and block the
opinion exists regarding the best remedy for this kind of a break.
rod and block the crosshead at the back end. But this remedy
valve central, replace the cover, remove the valve rod and main
requires much time and labor, and time is a very important consideration on the road, and there appears to be no mechanical objections to the other methods, providing the crosshead is securely
fastened. Disconnect the valve rod and push the valve clear
ahead, remove the stem if it would blow out, and use a gasket
back of the gland, or hold the valve stem intact with valve stem
clamp. Block the crosshead at the front end, and proceed; the
pressure will hold the valve forward, and if it should move it
can do no harm providing the crosshead is securely blocked. Another way is to remove the release valve, push the valve clear back,
fit a block into the release valve long enough to hold the valve
back, then block crosshead at back end. Still another way is to
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push the valve stem forward and clamp it by cocking the gland,
then block crosshead at the front end. If the yoke is only broken
at one side of the valve, it will only affect one exhaust. When the
yoke pushes the valve forward the exhaust will sound all right,
but when it pulls the valve back the engine will be lame.
Broken Guides, Blocks or Bolts. If any of the bolts break, try
to replace them. See that all nuts are tight, or they may be
the cause of springing the piston-rod. If a guide is broken badly,
disconnect one side.
Broken Guide Yoke. If a yoke is bent or broken and will not
hold the guides secure, disconnect one side.
Broken Driving Brass. Run the -wheel upon .a frog or wedge
and block up between the frame and spring saddle, to take the
weight as much as possible off the box.
With an engine having underhung springs there is no saddle
to block under, and in a ease of this kind place a jack under the
equalizers nearest to the broken brass, then block the other end
between the frame and the equalizer and remove the spring under
the broken brass if possible.
Broken Driving Axle. This occurs usually close to the wheel
and outside of the driving box. If it is a broken main driving
axle, all rods on the disabled side and all side rods on the good
side must come down. With any other driving axle, only such
rods should come down as would give trouble to the rest of the rods.
To block up the axle on the broken side, remove the cellar
and put a wooden block between the axle and the binder brace.
If a hydraulic or screw-jack is handy, raise the axle and driving
box, if it has an overhung spring, and block under the spring
saddle above the frame to take the weight off the driving box. Use
sponging on the sides of the blocking under axle, or, better still,
hot main-pin grease.
Broken Rocker Box or Arm. With the bottom rocker arm
broken there is more or less danger of catching the link or blade
on the rocker box, if the link motion is considerably worn. Take
no chances, but take down both eccentric straps and blades and
cover ports. If the top arm is broken, remove broken part and cover
ports.
With a direct-motion valve gear, remove transmitting bar
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and broken arm and cover ports. By transmitting bar is meant
the rod that conveys the motion from the link to the rocker arm.
For a broken rocker box, or sheared bolts, if no repairs are possible or no bolts at hand of nearly the same diameter as the old
ones, take down both eccentric straps and secure the link to link
lifter, and remove rocker box if bolts are sheared.
Broken Link Lifter. Place the lever in quadrant at a point
where you can comfortably start your train. Cut a block of wood
to fit between the top of link block and link, also one to fit between
bottom of link block and link. Fasten them securely. Blocking
for the forward motion, never drop the lever below the point of
cut-off selected, as the lifting arm on tumbling shaft may interfere with link. You can cut the lever back toward the center without danger, and work steam expansively on the good side, but this
will give you two light and two heavy exhausts. Don't attempt
to reverse your engine without first removing the blocking from
below the link block and placing it on the top of link block.
Sprang Link. On certain classes of engines with a 4-wheel
truck and the lever in the extreme forward notch, the links are in
such close proximity to the truck that invariably from any cause of
derailment the links are generally badly damaged or sprung. With
the solid link you have 110 alternative but to disconnect the
valve gear. With the sectional link, unless too badly damaged,
slack off the nuts on top and bottom of link bolts, partly withdraw the bolts and insert a washer of sufficient thickness to allow
the free movement of link block in the link when reversing the
lever. Tighten bolts again and you are free to go on with your
train without disconnecting.
Broken Reach Rod, or Arm of Tumbling Shaft. Put a very short
block in the link on top of link block and a long one in the bottom end of link so that side will work full stroke. Do not block
both links, only one. When the engine is moving, with both link
hangers in position, as they should be with a broken reach rod,
at one point of the stroke one link tends to slip up on its block,
while the other link is slipping down. If both links are blocked
solid top and bottom, the tumbling shaft must bend or spring. To
reverse the engine, put the long block in top of link.
Broken Equalizers. Raise the engine the same as for a
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broken spring or hanger when possible to do so. If it is an equalizer on a standard eight-wheeled engine, block on top of one box
and block up the loose end of the equalizer, when possible, the
same as for a broken spring or hanger ; if it cannot be used, remove the equalizer and block on top of both boxes, If an equalizer
on a ten-wheeled engine, block on top of the forward and main
boxes, and block up forward end of back equalizer. If it is the
cross equalizer on a Mogul, block on top of both foward boxes
and block on top of the back end of the long intermediate equalizer that goes to the truck. If the intermediate equalizer breaks,
block between the boiler and the cross equalizer. If it is the cross
equalizer on a four-wheeled pony, block on top of both forward
boxes. When this equalizer is below or between the frames it is
sometimes possible to block between the hangers and the frame.
If a small equalizer that rides the back box, block on top of the
back box and chain up the back end of the bottom equalizer. If
it is a truck equalizer block on top of truck boxes between the box
and truck frame.
Broken Equalizer Stands. If the stand breaks, then use the
same remedy as for a broken equalizer, but if only the bolts break,
find some old bolts to replace them, or take bolts off sonic other
part of the engine that will fit, and the loss of which will not impair the working of the other parts.
Broken Engine Truck Hanger or Center Casting. If a fourwheel engine truck, block over the equalizers and under the top
bar of engine truck frame close to band of spring, high enough so
the engine will ride level with the other side. With a Mogul, block
over the truck box. If the engine truck center casting breaks on
a standard engine, block across under truck frame and center casting and over equalizers, from one side to the other ; a couple of
pieces of rail, 4i or 5 ft. long, may come handy for this purpose.
Or, put a solid block under the engine frame next to thg saddle and
on top of the truck frame on each side. This plan will give the use
of the engine truck springs, although it does not always hold the
center casting up against the male casting under the smoke arch,
so the engine will track straight.
In case it becomes necessary to remove an engine thick entirely from a Mogul or Combination engine, proceed as follows:
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Block between the cross equalizer and bottom of the boiler ; with
the engine in this condition, she should be run carefully, as there
is quite an additional load on the front driving boxes.
Broken Engine Truck Wheel or Axle. If a piece is broken
out of the wheel, it can be skidded to next side track by laying a
tie in front of the pair of wheels. If an axle is broken or a wheel
is broken off outside of the box, that corner of the engine truck
may be chained up to the engine frame, being careful to chain so
as to crowd the good wheel against the rail, and put a block between the top of the engine truck and bottom of the engine frame,
on the other end of the same side of truck, in order to put the
weight on that part of the truck. If it is a broken tire, jack
up the front end of the engine to take the weight off the truck.
Take out the cellar and block with a V-shaped block of wood between the axle and pedestal brace. Jack up the truck frame high
enough to allow broken wheel to clear the rail and secure the truck
to the engine frame with a chain.
Disconnected or Broken Throttle Rod. The seriousness of this
accident depends entirely upon the nature of the break. If the
throttle is open and cannot be closed, reduce the steam pressure
to a point where the engine can be controlled with the reverse
lever. It is a good plan to have some cars connected to the engine,
in order to get the benefit of the brakes in case an attempt is made
to run the engine in with a broken throttle. Sometimes what is
considered to be a disconnected throttle valve proves to be a cocked
valve. If the rod connections are badly -worn and a full throttle
opening given, a cocked valve often results, and is mistaken for a
disconnected throttle. If the throttle is closed and will not open,
it is very likely that the rod is disconnected inside the boiler, in
which case the only remedy is to kill the fire and prepare to be
towed in, unless the company requires the engineers to make repairs.
Broken Back Spring on Consolidation Engine. Run the driver
up on a wedge; pry up the back end of the equalizer and block between it and rail of frame ; then run back driver off the wedge
and the next driver up on it, and block between the back driving
box and the frame.
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Broken Front or Back Section of a Side Rod on a Consolidation
Engine. A Consolidation engine has a knuckle joint between the
first and second, and third and fourth pairs of drivers. In case
of a section on either end breaking, remove the broken parts and
the corresponding section on the other side. Be sure that the forward crank-pin will clear the crosshead in all positions before
moving the engine.
Broken or Loose Tire on Standard Eight-wheel Engine. If a
main tire breaks or becomes loose, raise the wheel center up off the
rail a little higher than the thickness of the tire, to allow for the
engine settling when blocked up; take out the oil cellar so the journal will not get cut on the edges of the cellar ; put a solid block of
wood between the pedestal brace and journal to hold the wheel
center up clear of the rail ; block up over the back driving box so the
engine cannot settle or get down so as to allow the wheel center
brace to strike the rail. It will take a good deal of strain off the
pedestal brace to put a block under the spring saddle on top of the
frame. Taking out this driving spring makes a sure job. Take off
all other broken or disabled parts. If the rods are in good order,
leave them up. If a back tire breaks, block up in the same manner as for a main tire, except that blocking comes next to the other
journals and boxes.
Broken Tire of a Ten-wheel Engine. Run the wheel upon a
wedge so as to clear the rail under all conditions. Remove the oil
cellar and fit a block in its place; then place another block between bottom of box and pedestal binder. Also block under the
equalizers nearest the disabled wheel to take the weight off the
journal.
Broken Tender Wheel or Axle. Find a piece of a rail the
proper length, or a cross tie will answer. Place it across the top
of the tank directly over the broken pair of wheels. Block under
the rail or tie to protect the flange on the top of the tender. Jack
up the broken pair of wheels to clear the rail, and while in this
position chain the truck to the rail above the tank on both sides.
Broken Frame. For a broken frame ahead of main driver disconnect the valve stem on disabled side, cover ports and leave up
main rod. Bring your engine in light with the good side. If the
break is behind the main driver, take down side rods on rear
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section only, if a Consolidation. With a Mogul type and the
knuckle pin on forward section of side rod, take down all side rods.
Broken Draw Bar. If the engine has safety chains, they will
hold the tank, but not always a heavy train. If the engine is not
equipped with safety chains, then secure a chain from the tank box
or caboose, and chain the tank to the deck. Safety chains should
not have more than four-inch slack.
Broken Wedge Belt. In this case it is sometimes possible to
screw the nut half-way onto each part of the broken bolt and thereby
hold it up in place. If this cannot be done, then with a wire try
to fasten a nut under the wedge to hold it up.
Broken Driving Spring or Hanger. If the engine is raised
with jacks, block up the end of the equalizer that has been connected to broken part, so that it is a little higher than it was before,
to allow for settling. It is customary also to block up between
driving box and frame at the box where spring is broken. If it
is the forward box, it puts the load on that box, which may be too
much. It is better to block up over a back driving box, no matter
which spring is broken, as the weight is carried there the best. If
the engine is raised by running up on blocks or wedges, put block
on top of the box that is under broken spring first, if possible, then
run that wheel up on a wedge until engine is raised so that the
equalizer can be blocked up level again; then put block over box,
also, to carry what weight of engine the spring still at work on
that side would not hold up; take out the broken spring or hanger
if necessary. If equalizer is under frame and boxes, block under
end that will hold it in proper place. If the reach rod is pinched,
so that the reverse lever cannot move the links, it may be necessary
to take out the pin holding the reach rod to the tumbling shaft
arm and handle the links otherwise.
Broken Frame Between Main Driver and Cylinder. The safest
plan is to be towed in dead. The other alternative is to disconnect the disabled side and bring the engine in light, because an
attempt to bring in part of the train might damage the previously
uninjured side.
Loose or Lost Cylinder Key. If the key is loose and can be
shimmed up, it is safe to go on. If key is lost and nothing available in its place, disconnect that side to prevent further damage.
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Frames Broken Back of Main Drivers. Take down side rods
on both sides back of main driver and proceed.
Water Glass Out of Order. If the water line in the glass is not
in sight, and moves up and down when the engine is in motion, it
indicates that the water glass valves are either stopped up or
closed, and require immediate attention.
The blow-out cock at the bottom should be opened. If the
water line shows in the glass, and then suddenly rises out of sight
when the blow-out cock is closed, it indicates that the water level
in the boiler is higher than the top end of the glass. If only steam
or a mixture of steam and water passes out through the blow-out
cock, it is evidence that the water in the boiler is too low, and if
no water shows in the glass when blow-out cock is closed, the fire
should be deadened at once.
If gauge cocks and lower water glass valve are stopped up,
get engine and train off the main line onto a siding as soon as possible. Deaden or dump the fire, and report conditions. No engine should be worked in that condition.
If an Engine Works Water. Close the throttle a little at a
time, until the water ceases to pass over into the cylinders. If it
is foaming, this will stop the trouble in the cylinders, and the
water level in the boiler will drop at once. If the boiler is pumped
too full, the water level will be above the gauge cocks.
Broken Blow-off Cock, or Hole Broken in the Boiler. Either
dump the fire or smother it with wet coal ; get steam and water
out of the boiler as quickly as possible. If the blow-off cock is
broken off, it may be plugged ; but if it is blown out, it would be
impracticable to plug the opening, and the only method is to treat
such a case the same as with a hole knocked in the boiler, viz.:
disconnect the engine and be towed in.
In Case the Lubricator Refuses to Work. First, see if the steam
valve to the boiler is open, then shut off the water valve from the
ondenser and open the drip valve in bottom of the oil tank. This
will blow the water out of the glasses into the oil tank with some
makes of cups, and as soon as the glass is filled up with water they
might feed again. Or, shut off steam and water valve and open
drip cock, then give engine steam and have steam from steam chest
blow through the chokes and clean them out. With the new style
63
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of cups having check valves, open the drip from the glass, blow it
out clean and refill it with water. Lubricators usually stop feeding
because some small openings are stopped up or something is wrong
inside the cup.
If an Injector Will Not Work. Be sure the injector gets a
full supply of steam. The steam throttle may be only partially
open. Some injector steam pipes are coupled to a turret. If the
valve between the boiler and the turret is partly closed, the injector
may not get a full supply of steam, and will not pick up the water.
In this case a full supply of water is passing through the injector,
but there is not sufficient steam to force the water into the boiler.
Examine the tank to see how much water there is in it. If
plenty there, examine the hose, strainers and supply pipe to see if
the injector can get the proper supply of water promptly. Next
see if there are any leaks that will let air get into the supply
pipe of a lifting injector. Last, see if any foreign substance has
got into the injector and choked any of the passages.
If an Injector Will Not Prime. The water may be all out of the
tank, or the tank valve disconnected ; air may be leaking into the
supply pipe, the overflow valve stopped up or choked some; or the
jet of steam may not pass exactly through the middle of the tube
which exhausts air or starts the flow of the water.
If an Injector Primes Well, and then Loses Its Priming When
Steam is Turned On Full. The boiler check valve may be stuck
shut so the water cannot get away from the injector, the tubes may
be coated with lime so they are too small or not of the proper shape,
the tubes may be loose so they are not in line, or the supply of
water may not be sufficient to condense all the steam. This may
be on account of the feed water being hot.
When the boiler check valve sticks open or allows the boiler
pressure to back up to the injector, jar the check case or delivery
pipes a little so the check valve will settle into its seat. If it does
not seat tight, but leaks back, report its condition on arrival at terminal. Sometimes something will get into the delivery pipe and
work under the check valve, holding it open. When the check is
ground in, this foreign substance, which may be a part of the injector, will drop back into the delivery pipe and lie there till the
injector is worked the next time, when it will get under the valve
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and hold it up again. Take off the delivery pipe and clean it out.
Failure of Water Supply in Tender. If the water supply in the
tender fails while out on the road away from a water tank, in
warm weather, if possible, haul enough water into the tank to got
it to a water tank, and then fill up the tank. If in the winter, and
there is snow on the ground, shovel snow into the tank and melt it
with steam from the boiler. If impossible to get water by the
methods explained, draw the fire, disconnect the engine and be
towed in.
Broken Whistle Stand. A broken whistle stand means a dead
engine. Remove the broken part from the dome. A handy thing to
have around an engine is a wash-out plug and several sizes of reducers. In the absence of a wash-out plug, use the reducer in the
dome cap, then take the nipple and angle cock off an air-braked car,
and insert into the reducer.
Grates Burned Out or Broken. Block up the broken or burnt
grates with fish-plates, brick, or anything conveniently at hand, and
disconnect the good grate immediately ahead and back of the burnt
section, in order to prevent disturbing the other grates when shaking down fire.
Broken Safety Valve Spring. Remove the spring and block
between valve and cap, allowing the other valve to do the work.
Burst Flue. Dump the fire and lower the steam pressure as
soon as possible, in order to save the water in the boiler, then proceed to plug the flue with an iron plug if one is available. If no
iron plug is at hand, use a wooden one, driving it into the flue for
some distance. It will not burn, because no air can get at it. By
putting on the blower slightly and putting a plank down on the
grates, a man can often succeed in plugging a flue before the pressure is all out of the boiler. Care should be exercised in driving
an iron plug not to drive too hard, as there is danger of cracking
the flue sheet. In freezing weather open blow-off COCKS, let out
all of the water, take down hose connections between engine and
tender, and be prepared to be towed in. With the extension front
end in general use it is next to impossible to reach a flue without
removal of draft plates, so that, generally speaking, the time consumed would not justify repairs on the road.
leaky Flues. In ease of a boiler in which the flues are leak-
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ing at the beads, pump the boiler as regularly as possible; have a
bright, even fire; use great care that no cold air strikes the flues
through the door or through holes in the fire near the flue sheet.
Keep an even pressure of steam, as this means a steady temperature in the fire-box. Be very careful in the use of tl-e blower that
no cold air is drawn against the flues. This especially applies to
the operation of cleaning the fire. Cold air contracts tlio flues, also
the metal of the flue sheet, which causes them to begin leaking at
once.
Most injectors have the heater cocks so arranged that they can
easily be removed. If bran or sawdust can be had, start the injector first, then take out the heater cock and put a small quantity
of the bran through this opening while the injector is working.
The current will carry it to the boiler without any difficulty, and
will often stop the leak. Too much bran will cause the engine to
foam. Gauge and water glass cocks must be opened often, however, to keep them from clogging.

Care and Inspection of
Locomotives.
A locomotive should always be inspected after it has finished its run, when there is no fire in the fire-box so that the
grates, smoke-box, chimney and other parts, can be examined. Theobjctfisnp oewhtranypise
needed before the next run, in which ease the proper repairs
should be made.
Testing Boilers. When inspecting the boiler it should be
tested either with cold water, warm water, or steam pressure.
In making the cold water test the boiler is filled with cold water,
an additional quantity is forced in with a pump so as to raise the
pressure to about 11 times the regular running pressure. When
testing with warm water the boiler may be entirely filled with
cold, water and a fire kindled in the grate. As the temperature
rises the pressure will rise, and when the proper pressure is obtained the fire can be withdrawn and the boiler examined for
leaks. In some cases steam pressure is used, which, however, is
not recommended, because should the boiler not prove strong
enough to stand the test there will be an explosion, and since the
object of testing a boiler is to prevent an explosion, the test may
aggravate the evil it is intended to prevent.
Before old boilers are tested they should be examined carefully inside and outside to see whether they are injuriously
corroded. To do this properly the engineer should, if possible,
get inside of the boiler and examine the various parts for himself, although it is usual to let the boiler-maker, who is employed
for this purpose, make the test.
Examination of Fire-box. The fire-box should be carefully
examined to see if there are any indications of leaks, which may
be due to cracked plates, defective stay bolts, or defective flues.
991
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Should the tubes be found leaky, they may be made tight by
either caulking or by the use of a tube expander. Leaks may
be temporarily stopped by introducing some starchy substance
mixed with the water, such as bran. The leak, however, should
always be corrected as soon as possible after it is found, as it
often indicates a dangerous condition of the boiler. A leak about
the boiler head may be due to a broken stay, which may be indicated by the bulging of the plate which forms the boiler
head. The inside of the boiler must, of course, be kept clean,
which may be done either by using the proper kind of feed-water,
or, where that is not possible, it should be thoroughly washed out
at "frequent intervals.
Washing Boilers. When washing out boilers hot water
should be used, as it is less likely to injure the boiler in case the
boiler is hot. It, of course, involves the expense of beating this
water, but this is considered a small matter compared to leaky
tubes, which may be caused by the use of cold water when washing out the boiler. The hot water system of washing boilers
should be used in districts where there is bad water, especially
where water-softening plants are used, as it will increase the life
of the fire-box. If, however, the boiler is allowed to cool properly,
cold water will remove the scale better than hot water. When
cold water is used it is generally put in at the cheeks through till,
injector pipe. When looking for defects, such as cracked plates,
or corrosion, they will generally indicate themselves by allowing
some water or steam to force its way out at the place where the
defect exists. A defect in the fire-box will often show itself by
a leak at the mud ring. When a fire-box plate is cracked it usually opens suddenly, so that the leak shows at once. If the tubes
which are leaky are not stopped by caulking, the tube plate should
be examined to Ppe whether it is cracked.
Internal Corrosion. Internal corrosion, however, can only
be discovered by an internal inspection of the boiler. To do
this the dome governor must. be taken off, and, after entering the
boiler, every part should be examined carefully. In some cases
the tubes must be taken out, so that every portion of the boiler
can be reached. It is more essential to make an internal inspection when it is known that the water is of a corrosive character.
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Broken Stay Bolts. While broken stay bolts may be indicated by the bulging of the plates or by sounding, the only way
of examining them is by an internal inspection. To prevent scale
and incrustation the best water that can be obtained should be
used. Should, however, the water contain much solid matter,
the boiler must be blown out and washed out. often. If a hard
scale is formed it is necessary to take out the tubes, the crown
bearings, and clean them and the inside of the boiler thoroughly.
The interior of the tubes should be cleaned out every time the
engine is washed. This may be done by the use of a brush
cleaner.
Cleaning Smoke box. The smoke-box door should be opened
occasionally to see whether the petticoat pipe, deflection plates,
and wire netting are in good condition and properly secured.
The smoke-box should be kept clear of ashes and cinders, and it
should be securely fastened so as to be air tight. If the exhaust nozzles become obstructed by a collection of oil and dirt,
they should be cleaned out, and the nozzles should be adjusted so
that blast from the exhaust pipes is discharged in the center of
the chimney.
Grate Bars. When examining the grate bars, it should be
seen that they are not bent, burned out, or broken, in which
case the imperfect bars should be replaced.
Throttle Valve. The throttle valve should be examined to
see that it is steam tight. This can be learned by observing
whether steam escapes from the exhaust pipe or cylinder cocks
when the reverse lever is in full gear and the valve partly closed.
If the throttle valve leaks, steam will accumulate in the cylinder
and may be condensed, which may cause a serious accident. If
the throttle valve leaks, it. should be reground before making
another run.
Safety Valve. When testing the boiler, particular attention
should be paid to the safety valve to see that it blows off at the
required pressure, and that the springs are in good condition.
The steam gauge at. the time of making the pressure test should
be examined to see that it indicates the steam pressure correctly,
and it should be compared with the test gauge, and any incorrectness should be adjusted.
-
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Gauge Cocks and Water Glass. The gauge cocks and water
glass should be tested to see that they indicate the proper water
level, and the sediment and mud should be blown out before
starting on a run. It is important to know whether the injectors
are working satisfactorily, and if either of them is out of order a
new one should be substituted in its place.
Piston Packing. Care should be taken to notice that the
piston packing is not too loose and to find out if it works properly.
This may be indicated while running by a peculiar sound which
takes place between and after each discharge of steam. If the
packing leaks, it may also be indicated by the escaping of steam
from both the cylinder cocks just after the crank passes the dead
point. This may also happen, however, if either or both of the
main valves leak, but by careful observation the engineer can
usually tell what and where the trouble is. It may also happen
that the follower plate of the piston is bolted so hard against
the piston head that it prevents the packing rings from moving.
If the packing is too loose, it may be set out by means of nuts,
in case a packing of that kind is used; if, however, a plain snap
ring is used, it may have to be replaced. The packing should
be examined to see that it is in good condition, and in the case
of soft packing it may be made tight by simply screwing up the
nuts on the gland. Should the rod be found to be cut or scratched,
it should be reground before the engine is again run.
Cross-head Gni& -• The cross-head guides should be lined up,
and the lubricators should be examined to see that they are giving
the cross-head slides the proper amount of oil. Should any lost
motion be discovered between the cross-head and the guides, it
should be taken up by means of gibs or liners.
Crank Pin. The crank pin should be examined for cracks
and flaws, and the brass bearings on the connecting rods and
coupling rods should be adjusted to take up any wear that. has
taken place. When keying np the brasses care should he taken
that they do not bind on the journals. It is always better to
have some little play in the bearings than to have them too

tight.
Valve Gear. The valve gear should he inspected to see that
it is obtaining its proper lubrication, and the eccentrics and ec
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centric straps should be examined to see that they are properly
keyed and that the strap is sliding properly on the eccentric.
Should the engine have given any notification of going lame

before it has been run in to be inspected, it may probably have
been due to the fact that the eccentrics are either too long or too
short. If this is the ease, they should be examined to find out
whether the cut-off is taking place at the same points of the stroke
i.n each side of the engine.
Wheels. All the wheels of the engine and tender should be
carefully examined to see that they are sound. The condition
of the wheels will affect the clear sound which comes from
striking them with a hammer. If they are sound they will give
out a peculiar clear ring, whereas if they are fractured the
sound will be quite dull. The wheels should also be personally
inspected for cracks, as sometimes a crack in a certain portion
of the wheels will not affect the clear sound which comes from
the hammer blow.
Should the engine have had any lost motion in it, it will
have been indicated by a pound or thump. A loose piston rod in
a cross-head or piston may cause a pound, or if the piston strikes
a cylinder head it may cause a thump. There may also be some
lost motion in the connecting rod bearing; just where, however, the lost motion may occur, can best be told by the engineer,
who should stand at the side of the connecting rods and driving
wheels and have his fireman open the throttle valve, so as to move
the engine slowly.
Injector. Should the injector be found to work improperly,
it may be due to an air leak in the suction pipe, a leak in the
steam valve, or to a leak in the boiler check valve. In some cases,
the boiler check valves may stick fast, so that they should be
also examined.
Oil Cups. All of the oil cups should be cleaned, spindles
adjusted, and the oil holes freed front dirt or gum. The oil cups
should be screwed tight in the oil holes. It may be desirable, occasionally, to lift the engine and tender from the tracks and lubricate the bearing plates with tallow. This will cause them to
more easily adjust themselves to the curves of the tracks.
Brakes. The brakes on the engine and tender should 'be
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examined to see that they are in good working order, that. the
bolts, nuts, and keys are all secure; the levers, rods, and chains
properly connected and the shoes properly fastened and not too
much worn.
Water Tank. The water tank should be examined occasionally to see whether it is clean, and also to see that there is no
obstruction over the strainers on the water supply pipe.
Sand Box. The sand box should also be filled before starting
on a run. The bell-rope or bell-ringer should be tested and the
headlight should he examined to see that it is either properly
trimmed or that the gas or electricity is in good working condition.
Starting an Engine. After the engine has been thoroughly
inspected and the fire started and the engine ready to go, the
engine should be started by opening the throttle slowly with the
reverse lever in full gear. If the driving wheels are apt to slide
and the train cannot he started otherwise, the rails must be sanded
by opening the valves in the sand box. Having the train in
motion and the engine gaining in speed, the reverse lever should be
thrown back nearer the center of the quadrant or sector so as
to cut off the steam. The throttle should be wide open and the
speed regulated entirely by the reverse lever, unless the speed
becomes excessive with an open throttle, in which case, of course,
it becomes necessary to partly close the throttle.
Boiler Feeding. The feeding of the boiler should, if possible,
be continuous, and the quantity of water pumped into it should
be adjusted to the amount of work which the engine is doing.
The water should be maintained at a medium level to prevent
overheating of the crown plates, or to prevent priming or foaming. If the water is too low it may injure the crown sheet, and
if it is too high it may carry water over into the engine cylinder.
Should the engine show any indications of priming, the cylinder
cock should be opened at once, otherwise the cylinders, cylinder
heads, or pistons, may be broken. The throttle valve should be
partly closed so as to be able to tell where the proper water
level is in the boiler. If there is too nmeh water in the boiler
the feed may be shut of and the engine rim slowly until the
proper level is again obtained. Should the boiler be foaming, due
to some impurity in the feed-water, it may be best to open the
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surface cock in the back end of the fire box, as foaming or priming may often be caused by oil or other floating impurities. The
use of the surface blo•-off cock will often remedy the trouble.
Precautions when Running. Of course, it is the duty of the
engineer and fireman to carefully watch all the signals along
the road according to the directions given them. When rounding
a curve the speed of the train should be slowed down in proportion to the sharpness of the curve. On approaching an ascending
grade the fireman should see that the fire is in good condition, and
as much coal should be put on it as can be burned to advantage.
The boiler should also be as full of water as safety will permit, and
this water should all be ready for steaming when the grade is
reached. In running up steep grades, allowance should be made
for the effect of the inclination on the track to the water level in
the boiler.
Stopping an Engine. When the engine is being stopped the
steam should be shut off at a distance from the stop which will
vary according to the nature of the grade and track, so that
the engine can be gotten down to moderate speed before the stop
is made. When steam has been shut off the reverse lever should
be thrown into full gear, because in that position there is less
compression of steam in the cylinders, and therefore not so much
liability of raising the valve from its seat. When the end of the
run is reached the fire should be so managed that there will be as
little as possible remaining in the fire-box.
Inspection at the Round House. After the arrival of the
engine at the round house it should be run over a pit, which is
usually provided for the purpose, and the fire should be raked out
of the fire-box by dropping the drop door, if there is one to the
grate, or by turning the grate bars edgewise and allowing the fire
to fall into the ash pan. After all the fire is withdrawn, the
dampers and furnace doors should be closed so as not to allow the
cooling of the fire box and tubes too rapidly. If the boiler requires blowing out, the blow-out cocks should be opened, and
after all the water has escaped the engine should be left to stand
until it has cooled off. If there are any indications of a large
amount of mud or sediment in the boiler, the manholes at the
bottom of the fire-box and the cover of the mud drum should be
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taken off and as much of the mud removed as can he scraped out
A hose pipe attached to a force pump should then be inserted
through these openings and a strong stream of water forced into
the boiler. If the boiler is hot this should be done with hot water,
but if the boiler has cooled off, it may be done with cold water.
Should there be any damage to a grate bar, it must be replaced with a new one. As soon as the engine is run into the
engine house the cylinder cock should be opened and left open
white it is standing still, so that any condensed water may escape.
All grease and oil on the engine should be wiped off, and each part
should be examined to see that it is in good condition.
Laying up the Engine. If the engine is to be laid up in cold
weather, no water must be left in the tender, boiler, or in any
of the pipes. Should this be impossible on account of having to
start up the boiler in a short time, a light fire should be kept in
the boiler, sufficient. to make steam enough to warm the water in
the tender. The water, however, should be emptied from the
pumps, injectors, feed and supply pipes. This may be done by
opening the pet cocks and closing the tender valves and uncoupling
the hose, which will allow the water in the supply pipes to run
out. After the engine has run a few revolutions, the pumps will
be emptied. The pipes and the -pumps can also be prevented
from freezing by uncoupling the hose after the tender valves are
closed and the pet cocks opened. Steam is then admitted into the
supply pipes by the heater cocks, which forces part of the water,
which is in the pumps, out of the pet cocks and warms the rest.
It is better, however, if the engine is to he laid up for any considerable time, to always empty every part of any water which
it may contain.

Points on Engine Running.
Duty of the Engineer. The duty of the engineer is to that.:Jughly inspect his engine for possible defects of machinery. He
should know the condition of the fire-box, grate-bars, etc.; that
gauge and water glass cocks are open and working freely, that the
crown-sheet is covered with sufficient water to protect it from
injury, and that the tender has been supplied with water. Tie
should also know the condition of the engineer's brake valve and
air pump, and take such other precautions as will prevent an
engine failure.
Engine Tools. The engine should be provided with such
tools as are found necessary in everyday work. This includes also
tools with which to make repairs in case of accident. Rake, coal
pick and shovel are classed as tools.
Engine Inspection. The engineer should satisfy himself by
personal inspection that any repair work on valves, brasses, etc.,
has been properly done, that all movable parts have been returned
to place and properly secured by bolts, set-screws or otherwise.
The boiler should be examined to see that it is carrying the proper
steam pressure by examining the safety valves and steam gauge,
which should correspond with the prescribed pressure as established by the company.
Attention should be given to boiler attachments, such as gauge,
cocks, water glasses, etc., and they should be inspected to see that
they are open and working freely at all times.
Preparations for Starting. Before leaving the engine-house
the cylinder-cocks should be open, so that any water or steam
which is condensed in warming the cylinders can escape. The
engineer should know that the tank is filled with water, the sandbox with sand, and that there is a proper supply of oil, waste,
packing, tools and lamps on the engine. Before the engine is
started from the engine-house the bell should be rung and time
enough allowed for any workmen employed about the engine to get
out of the way. While running from the engine-house to the train
999
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the engineer should observe very carefully the working of all the
parts of his engine, and as far as possible see that they are in good
working condition. If the engine is without steam or air-brake,
the fireman should operate the hand-brake on the tender when it
is needed. Before starting, the engineer should see that the engine and tender are securely coupled together, that the frictional
Darts are properly lubricated, that the fire is in good condition,
and that the requisite quantity of steam has been generated. If
the steam is too low, the blower should be started, which stimulates
the fire. The air-brakes should also be tested.
Starting the Engine. After the signal to start is given by the
conductor, the engineer places the reverse lever so that the valve
will work either in full gear or very near it. The throttle should
then be opened slowly, so as to start the train gradually. If the
train is a very heavy one, it is best to back the engine so as to take
up the slack of the train, which pushes the cars together, so that
there will be no space between them, and compresses the car drawsprings. When the cars stand in this way, those at the front end
of the train are started one after another, which makes the start
easier than it would be if it were necessary to start them all at
once. If the throttle is opened too rapidly, the driving-wheels are
at to slip, but with a heavy train, even with the greatest care, this
is liable to occur. If the train cannot be started otherwise, the
rails must be sanded by opening the valves in the sand-box. As
little sand should be used as possible, because the resistance of
cars running on sanded rails is somewhat greater than on clean
rails, and thus the train is more difficult to draw after it reaches
the rails to which sand has been applied.
Attaining the Proper Speed. After the train has been slowly
set in motion, the engineer should ascertain by watching whether
the whole train moves together, and that none of the couplings are
broken in starting, and also whether any signal is given to stop, as
is sometimes necessary after the train has started. On leaving the
station, he should observe whether all the signals indicate that the
track is clear, and that the switches are set right, and also look out
for obstructions on the track. The train should always be run
slowly and cautiously until it has passed all the frogs, switches,
and crossings of the station yard, and not until the engineer has
seen that everything is in order, should he run at full speed. As
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the engine gains in speed the reverse lever should be thrown back
near the center of the quandrant so as to attain shorter cut-off.
Economical Use of Steam. After the engine is started it is
more economical to use steam at a high pressure, which is done by
keeping the throttle-valve wide open, and then regulating the speed
by cutting off shorter, than it is to throttle the steam. If the speed
reduced by partly closing the throttle-valve, the steam is wiredrawn, and it then produces less useful effect than it would if it
was admitted into the cylinder at full pressure. There is also
another practical difficulty in using steam of a high pressure and
running with the trottle wide open and regulating the speed with
the reverse lever alone. The link-motion, as has already been explained, will not be effective in cutting off at a point -below about
one-quarter of the stroke. Now it often happens, even when
cutting off at that short point, with light trains on a level or
slightly descending grade, that the speed will be too great if the
throttle is wide open and with full steam pressure in the boiler.
When this is the case, it is absolutely necessary to reduce the
speed by partly closing the throttle.
Uniform speed should be maintained if possible, and in order
to do so the distance between stopping points should be divided,
and the time given for running it into as small divisions as convenient, so as to be able to tell as often as possible whether the run
is being made too fast or too slow.
Feeding the Boiler. The feeding of the boiler should, if possible, be continuous, and the quantity of water pumped into it
should be adjusted to the amount of work which the engine is doing. Ordinarily one injector is more than sufficient for feeding the
boiler, so that usually only the one on the right side of the engine,
where the engineer stands, is used. In feeding the boiler it must
be seen that the water is neither too high nor too low. If it is
too low there will be danger of overheating the crown-plates, or
even of an explosion ; if it is too high, the steam space in the boiler
is diminished unnecessarily, and will cause the water to rise in
the form of a spray, and thus be carried into the cylinders with
the steam, or the boiler will prime or foam, as it is called. This
water, if it collects in the cylinder, as already explained, may by
the concussion produced by the motion of the piston break the
cylinder.
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Priming of Boilers. Impure water, grease, oil, or soap are
the chief causes of priming. Mud, or other dirt, is also liable to
cause it.
As steam is usually drawn from the top of the dome to which
the safety-valves are attached, the tendency to prime is very much
increased when they are blowing off, so that some engines have
two domes, from both of which the supply of steam is sometimes
drawn. It is generally advisable, when the safety-valves begin
blowing off steam, to reduce the pressure in the boiler as soon as
possible, not only because when they are blowing off it tends to
produce priming, but because the steam which escapes from them
is wasted. The pressure can be most economically reduced either
by increasing the amount of water which is fed into the boiler, or
by opening the heater-cocks and allowing the steam to escape into
the tank, and thus warming the water in the tank. If the boiler is
too full, the former method cannot be employed, and in heating
the water in the tank the engineer must. be careful not to get it too
hot, because in that case neither the pumps nor the injectors will
work satisfactorily. If the steam pressure cannot be reduced in
any other way, the furnace door must be partly opened.
Priming may be sometimes due to the formation of foam on
the surface of the water, for which reason priming is often called
foaming.
Causes and Remedy of Priming. The principal causes of
priming in ordinary practice are due to defective circulation, too
little steam room, impure water, or too much water in the boiler.
The priming of a boiler can generally be discovered by the white
appearance of the steam whiCh escapes from the chimney and the
cylinder cocks. Dry steam always has a bluish color. When an
engine primes or works water into the cylinders, it is usually
indicated by a peculiar muffled or dead sound of the exhaust, which
from this cause loses its distinctly defined and sharp sound. This
can be observed best when the furnace door is opened. It is also
indicated by the discharge from the gauge-cocks as the steam from
the upper cocks is not clear, but is mixed with water. The water
will also rise in the glass water-gauge, and it will not indicate correctly the quantity of water in the boiler.
As soon as there are any indications of priming, foaming, or
that the water is working into the cylinders, the cylinder cocks

should he opened at once, otherwise the cylinders, ulinder-heads,
or pistons may be broken. The throttle-valve should be either
partly or entirely closed. When this is done the foaming will
in most cases cease for the time, so that the engineer can tell the
true water level in the boiler. When the flow of steam from the
boiler is stopped the priming usually stops, and the true level of
the water will be shown by the gauge-cocks and glass water-gauge.
If it is found that there is too much water in the boiler, it is
best to shut. off the feed, and in sonic cases the blow-off cock should
be opened. The latter is, however, attended with some danger, because if any obstruction should gel. into the blow-off cock, or it
should stick fast, so that it cannot be closed, all the water would
escape from the boiler, and with a heavy fire in the fire-box there
would be great danger of overheating, and thus injuring the boiler
or of " burning " it, as it is ordinarily termed. In that event it
will be imperative to put out the fire at once. Another method
of affording relief, if a boiler foams, is to place what is called a
surface-cock in the back end of the fire-box, about half-way between the upper and lower gauge-cocks. With such a cock, the
water can be blown off from the surface instead of from the
bottom.
As foaming or priming is often caused by oil or other floating
impurities on the surface, they can be blown out of the boiler by
means of the surface blow-off. A perforated pipe which extends
for some distance along the surface of the water inside the boiler
is sometimes attached to the surface-cock, so that the water which
is blown off will be drawn from a number of points along the surface. If it is essential to keep the train in motion when the
boiler foams, it is a good plan to place the reverse lever in full gear
and open the throttle valve very little, so as to diminish and equalize the flow of steam into the cylinders.
If the steam is rising rapidly when foaming begins, it will be
well to cool the boiler off by opening the furnace door part way.
This means of relief should, however, be used as little as possible,
because there is always danger of causing the tubes or other parts
of the boiler to leak, by either heating or cooling suddenly or rapidly. If the engine primes when there is but little water in the
boiler, and at a time when the steam is rising rapidly, it may
sometimes be remedied by increasing the amount of feed-water,
1;4
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and thus partly cooling the water inside. The use of pure water,
careful firing so as to keep the steam pressure regular, feeding
the boiler so that the level of the water will be nearly uniform,
and then starting the engine carefully by opening the throttle-valve
gradually, are the most effective means in practice of preventing a
locomotive boiler from priming.
Priming is very uneconomical because it causes a great waste
by the escape of heat contained in the hot water which passes
through the cylinders and which does no work. When steam is
mixed with a great deal of water, the initial pressure on the piston,
if the engine is cutting off short, will not be so great as it would
be if dry steam was used. Wet steam is also more difficult to exhaust from the cylinders than that which is dry, and therefore the
back pressure on the piston is greater when the boiler primes than
when dry steam alone is used.
Precautions When Running.—When running on the open road
the track in front of the locomotive should be constantly watched,
and from time to time the train of cars, especially if it is a long one,
should be observed to see that it is in good condition. Every
signal should be observed and their instructions strictly adhered
to. In running through a curve, the speed of the train should
always be moderated in proportion to the sharpness of the curve,
and before reaching it, as the train has a tendency to continue in
a straight line, and there is thus danger of running off the track.
The higher the speed, of course, the greater is the resistance which
is required to prevent the train from running in a straight line,
and consequently the greater is the strain which is thrown on the
flanges of the wheels and on the rails and axles. On a curve it is
also impossible, usually, to see further than a short distance ahead,
and therefore, if the train is running very fast, it cannot be stopped
in time, should there be any obstruction or danger on the track.
On approaching an ascending grade the fireman should see that the
fire is in good condition, and as much coal should be put on it as
can be burned to advantage. The boiler should be filled as full
of water as it safely can, without danger of priming, and this water
should be heated as hot as possible without blowing off steam at the
safety-valves. The object of this is to have a supply of water
already heated before reaching the grade.
If, as often happens with a heavy train, the boiler will not

make as much steam as the engine consumes, and there is a large
supply of hot water in the boiler, it can be used as a reserve, should
it be necessary to do so, without danger of injury to the boiler. If
there is so little water in the boiler that it would be dangerous
to allow it to get lower, then it becomes necessary to feed cold
water as rapidly as the hot water escapes in the form of steam.
When the engine is working hard, it is often impossible to heat all
this cold water as fast as it is pumped into the boiler without reducing the steam pressure until there is not sufficient power to
boiler, at the critical point on the grade, where the engine is most
pull the train. If, however, there is a supply of hot water in the
liable to fail, the pump or injector can be partly shut off, and thus
less water will be fed into the boiler, and the steam pressure will be
maintained without danger. Undoubtedly it is better to feed
locomotive boilers uniformly, if that is possible, but it often happens that a reserve supply of hot water in the boiler enables an
engine to pull a train up the most difficult place, whereas, without
such a supply, the locomotive would stick fast. This fact gives
engines with large boilers much advantage over those with small
ones.
In running up steep grades, allowance should always be made
for the effect of the inclination of the track upon the position of
the water surface in the boiler, and also for the fact that as soon as
the throttle valve is closed, and steam shut. off, the surface of the
water will be considerably lower than when the engine was working
hard.
If the engine is not equipped with an automatic cylinder oiler,
as soon as the top of the grade is reached the fireman should oil
the main valves, because it can only be clone when steam is shut
off, as the oil will not run into the steam-chest when there is a
pressure of steam in it.; and as the valves are always subjected
to the severest wear while pulling up a steep grade, the valves and
valve-faces are apt to become dry. As saturated steam, to some
extent, prevents valves from cutting, it is not so important that
they be lubricated while the engine is working with steam ; but
as soon as steam is shut off they should be oiled, otherwise there
is danger of their being injured by their friction on the valveseats.
In running down grades, the engineer has the greatest possible
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cause for using every precaution, because not only is the train much
more difficult to control, but usually frequent sharp curves prevent a view of the track for any considerable distance ahead. He
should, therefore, watch the track in front of him with the greatest
vigilance, so as to be ready to give the requisite signals to the
brakemen to apply the brakes, or if the engine and train are provided with continuous brakes, to apply the latter, or even reverse
his engine, in ease of danger.
Preparing for a Stop. When running into a station, the speed
should be checked so that the train will not enter with very great
momentum. Therefore, at a distance varying according to the
nature of the grades and track, the steam should be shut off, so
that the speed will be reduced so much that the train under any
circumstances will be under full control. It is always better to
enter a station at too low speed than to run in too fast, because, if
it is necessary, more steam can always be admitted to the cylinders
to increase the speed before coming to a stop ; whereas it is not so
easy to stop the train if it is running too fast, and it becomes
necessary to check it before entering the station. When steam is
shut off the reverse lever should be thrown into full gear, because
in that position there is less compression of steam in the cylinders,
and therefore not so much liability of raising the valve from its
seat.
Running at Night. Before it begins to grow dark, the headlight must be lighted and promptly trimmed, and the proper lamp
signals placed in front of the engine. A lamp should always be
placed in the cab, so as to throw its light on the steam-gauge, but
not into the engineer's face, because he is unable to see distant
signals so well if his eyes are exposed to the glare of a light near
him. As objects which are passed cannot be seen distinctly, it is
more difficult to tell the speed at which an engine is running than
it is in the daytime, so that the time must be consulted frequently.
Running in Cold Weather. When running in cold weather,
great care must be exercised to prevent the water in the pipes, and
in the tender, from freezing. If it does, it will be almost certain
to burst the pipes. To avoid this the heater-cocks must be opened,
so as to keep the water in the tender warm. In excessively cold
weather the engine should be run with greater caution than at
other times, and everything should be more carefully inspected,

as accidents are more likely to happen, owing to the frozen condition and consequent solidity of the track.
Running with Two Engines. When a train is run with two
engines, both in front of it, the forward engineer always takes the
management of the train. The engineer of the second engine
must be guided by the signals of the one on the forward engine.
In starting, the forward engine must be set in motion first, and then
the one behind it. In stopping, the steam must he shut off first in
the second engine. Likewise in decreasing the speed during the
trip, the second engine must first regulate the flow of steam. If
these precautions are not observed, the forward engine may easily
be thrown from the track by the faster motion of the second one.
When there are two engines the air-brakes should always be operated from the front engine, but the air-pump on the rear one
should be kept running to assist in charging the brake reservoirs
with compressed air. When a train is assisted by a " helper,"
placed behind the train, and therefore pushing it, the forward
engine must likewise be set in motion first, and steam should be
turned on in the rear engine only after a signal has been given by
the engineer of the head engine.
Running Switching Engines. Switching engines should be
moved carefully and severe shocks must be avoided, as the cars, the
goods with which they are loaded, and the persons employed about
them may be injured. In switching service it is of special importance that the engineer give a distinct signal with the whistle or
bell before every movement of the engine, in order to warn in time
those who at such times often stand on the track in the way of the
engine or cars, or the persons engaged in loading, cleaning or repairing the cars, and thus give them time to get out of the way.
Making Long Stops. When a train stops for any length of
time, the engineer should examine thoroughly all the parts of the
engine. All the journals and wearing surfaces should be examined to see whether they are hot, which may be done by feeling
them. If any of them have become very much heated, they must
be cooled by throwing cold water on them, and then thoroughly
oiled. The working parts should be thoroughly lubricated, as
already explained.
Blowing Out Boilers. In order to keep the boiler clean—
that is, as free as possible from sand, sediment or Incrustation-
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it is necessary to blow it out frequently, if the water which is
used contains much solid or incrustating matter. With " bad
water " the boiler should be blown out as often as possible. On
some roads this is done after each trip. In blowing a boiler out,
the blow-off cocks must be left open, and after all the water has
escaped the engine should be left to stand until it is cooled off.
If there is any considerable accumulation of mud or sediment,
the hand-holes at the bottom of the fire-box and the cover to the
mud-drum should be taken off, and as much of the mud removed
as can be scraped out through those apertures. A hose-pipe attached to the hose of a force pump should then be inserted through
these same openings, and a strong stream of water forced into the
boiler. By this means much of the loose mud and scale will be
washed out. The oftener this is repeated, of course, the cleaner
can a boiler be kept. If a large amount of incrustation or mud
has accumulated about the tubes, some or all of them must be
taken out, so as to be able to remove the dirt.
After an engine is blown out, under no circumstances, excepting absolute necessity, should it. be filled with cold water until
it is cooled off. It should be remembered that any sudden change
of temperature in a boiler subjects it to very great strains,
incurs the danger of cracking the fire-box plates, or causing the
tubes to leak.
The tender should also be cleaned of the mud which settles
in it from time to time; but it is not necessary to do this as often
as it is to clean the boiler. The strainers in the tank over the
water-supply pipes should be examined and cleaned frequently.
Al] the plates and flues should have the soot which sticks to them
thoroughly cleaned off.
Although the cleaning of the boiler and the grates is usually
committed to a special set of men, yet the locomotive engineer
should examine them personally to see that it is properly done.
He should pay attention to the condition of the grate, and see
whether it is level and smooth. As soon as one or more of the bars
are bent crooked, they usually burn out. If one of the -bars is
burned out, the fire falls through the hole that it leaves into the
ash-pan, and then the fire under the grate will heat it red hot, and
finally may melt or " burn " every bar. Every grate-bar which
is only a little damaged or bent must, therefore, be removed as

quickly as possible and replaced with a new one. An opening in
the grate larger than the spaces between the bars allows a superfluous amount of cold air to enter the fire-box, and diminishes the
steam-generating capacity of the boiler.
Care of Engine in the Engine House. As soon as the engine
is run into the engine house, the cylinder-cocks should be opened
and left open while it is standing still, so that the condensed water
can escape. All grease which has escaped from the wearing surfaces and the dust or mud which adheres to the engine should be
wiped off with cotton waste or rags. While this is being done
every part should be thoroughly examined. If any defects are
found, they should be reported to the proper person, whose business
it is to have them repaired.
Laying Up the Engine. If engines are laid up in cold weather
for any considerable time, no water must be left in the tender,
boiler or any of the pipes. If, however, the engine must be soon
used, and it is impracticable to let the water out of the boiler and
tender, then, if exposed to the cold, a light fire must be kept in the
boiler sufficient to make steam enough to warm the water in the
tender. The water should, however, be drawn out of the pumps,
injectors and the feed and supply pipes. This can be done by
opening the pet-cocks and closing the tender-valves and uncoupling
the hose, which will allow the water in the supply pipes to run out.
By running the engine a few revolutions the pumps will then be
emptied. The pipes and the pumps can also be prevented from
freezing without uncoupling the hose if the tender-valves are closed
and the pet-cock opened, and steam is then admitted into the supply pipes by the heater-cocks. This forces part of the water
which is in the pumps out of the pet-cocks and warms the rest.
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REVIEW QUESTIONS
POINTS ON ENGINE RUNNING.

1. What are the duties of an engineer in regard to inspecting his locomotive?
2. What precautions should an engineer take to see that his
locr,niolivc is in proper condition before starting?
3. Name the different parts of a locomotive which should
lx inspected by the engineer before starting.
4. Describe how you would start a train if the signal to start
is given.
5. How should the valves and reverse levers be adjusted as
the train attains its proper speed ?
6. Suppose with a short cut-off the engine is running too fast,
what would you do to slow down the train without putting on the
brakes?
7. Explain how the boiler should be fed so as to got the
best results.
8. Name several causes for priming in a boiler.
0. When priming is first. discovered, what should be done?
10. Suppose priming is caused by too much water in the
boiler, what would you do to decrease the priming?
11. If the foaming or priming is caused by oil or other flowing impurities, how can they be removed ?
12. When running at a high speed, what precaution should
be taken in going around curves ?
13. How much water should be in the boiler before a large
grade is to be ascended ?
14. How do you prepare your engine for a stop?
15. What precaution should be taken when running at night ?
16. What precaution should be taken when running in cold
weather ?
17. When two engines are coupled to the same train, describe
the proper management of them.
18. When starting a train having two engines, which nne
should be started and which nne should he stopped first, and which
engine should control the air brakes?
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The self-contained motor car for railway use has had a considerable growth in this country, as it possesses many desirable
features of operation, especially on suburban and branch lines,
which have made it attractive to railway engineers.
Types of Motor Cars. In general, motor cars may be divided
into three types, each of which has its inherent advantages and
disadvantages. These are the gasoline type, the gas-electric type,
and the steam type.
Taking the class of motor cars as a whole, they seem 10
give good service mechanically, but the principal disadvantage
is that the motor power and car are inseparable, and it is necessary to put the whole car out of commission when the mechanical
portion needs attention. Another objection to their use on standard railroads seems to be that they cannot be handled in the
same place and manner as the other motor power of the road.
They are particularly adapted to light passenger service, and
have been used for this purpose both in this, country and in
Europe for some years.
Gasoline Type. In this type are included the gasoline motor
cars, which have a direct mechanical drive from the gasoline
engine. The most extensive development work in this country
has been done by the Union Pacific Railway on this type.
The latest type of gasoline car used by the Union Pacific
Railway is equipped with a 200 horse power motor, especially
built for the rough service incident to suburban lines. The
motor consists of six cylinders, ten inches in diameter by twelve
inches stroke. The total weight of the car is 61,300 pounds,
equivalent practically to 200 pounds per horse power. This car
has been running regularly between Beatrice and Lincoln, Nebraska, and a number of other branch lines are being served
1011
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with this type of car, which has shown remarkable regularity in
service, and in some instances has proved superior to steam
train service.
The average cost of fuel a year around, using 72 degree
gasoline, amounts to 31 cents per car mile. As a substitute for
gasoline, California distillate has been used in regular service
with good results. The distillate, being much cheaper than gasoline, reduces the cost per car mile, and it is expected that when
denatured alcohol becomes low enough in price, this kind of fuel
will come into use on these engines.
Another type of car which uses the gasoline motor with
mechanical transmission is used for service in Yellowstone
Park. This car has a four-cylinder gasoline motor, cylinder
6x 6 inches, and develops 50 horse power at 700 revolutions per
minute, the maximum speed of the car being about 35 miles
per hour. The transmission is of the mechanical type, with
three speeds forward and three reverse, with a chain drive of
the Renold silent chain type.
Gasoline-Electric Type. A number of other railroads have
been using gasoline motors with electrical transmission. Several
of these types have been used in regular operation between
Kansas City and Olathe, and are known as the Strang car. The
transmission used in the Strang system is of the electrical type,
the generator being direct connected to the motor, forming a
self-containing generating unit. Directly from the brushes of
the generator, main wires lead to a controller of the series parallel
type; from this controller wires lead to an electric motor, hung
on the axles of the front truck, according to Standard Electric.
Railway practice. A small storage battery is connected in multiple with the wires, between the generator and controller, and
in one of the main wires, between the battery and the generator,
is placed a rheostat, which is used for the purpose of temporarily
converting the generator into a motor when starting the engine.
With this type of car, it is claimed that the gasoline consumption has averaged about one-half of a gallon of gasoline per
motor ear mileage of sixty thousand miles. The equipment of
the Strang car consists of a 100 horse power gasoline engine
and 50 kilowatt generator, two 05 horse power motors, and a
storage battery of 112 cells with 250 ampere hour capacity.

Another type of gasoline motor car with electric transmission is used on the St. Joseph Traction Co. lines. The service
of this car consists in hauling from one to three trailers, three
• round trips per day, over a road 111 miles in length, making
the above trip in 35 minutes, with four stops, the heaviest grade
being 1 per cent. It is claimed that with one trailer, the gasoline consumption is .1 of a gallon per mile. The motor of this car
consists of a four-cylinder 70 horse power gas engine, direct connected to'a 30 kilowatt. 250 volt generator in parallel, with which
is connected a battery. Four 50 horse power motors are used
on the trucks.
Another type of gasoline electric car is built by the General Electric Co. The equipment of this car consists of an
eight-cylinder gasoline motor of about 150 horse power, which
is direct connected to an eight. pole 90 kilowatt generator of
the commutating pole type. There is an exciter of 34 kilowatt
capacity, for the purpose of exciting the fields of the main
generator and effecting the variable voltage control. From the
generator, wires are led to two 65 horse power motors, situated
one on each truck of the car. These motors are also connected
in parallel, the required torque or speed being obtained by varying the field current of the generator through a separately constructed controller, which is suitably arranged to give out fifteen
steps. The gasoline motor is of the four cycle type, equipped
with two separate systems of ignition, one high tension system
using an induction coil, connected to a four volt storage battery,
the other being used to make a make-and-break system connected
to a direct driven low tension magneto. The carburetor is of the
single nozzle, long compensated type, gasoline being supplied to it
by means of a diaphragm pump. Radiators for cooling the water
are located on the roof of the car. The claimed speed of the motor
is 550 revolutions per minute. The car is heated by passing as
much of the exhaust gases through pipes as is required. These
pipes are placed in approximately the same position as steam
pipes in the Standard Railway coach.
Steam Motor Cars. In the steam motor car field, one of the
most interesting ears is used on the Canadian Pacific Railway.
One of these cats is in operation between Montreal and Vaudrenil, a distance of 24 miles, giving a service of three round trips
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per day on a regular schedule. The boiler is of the return tube
marine type, carrying 180 pounds pressure, equipped with superheated coils and a Morrison furnace, brick-lined. Crude oil is
used as fuel, with the burner of the Booth type. The cylinders
are 11 inches in diameter by 15 inches stroke. The valves are
of the piston type and are fitted with the Walschaert gear.

average fuel consumption is claimed to be from ten to twelve
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pounds of coal per mile.

Ganz Steam Motor Car Used on the Erie Railroad. The Erie
Railroad is using on one of its suburban lines, near New York,
a Ganz steam motor car, which consists of two compound enclosed
steam motors of GO horse power each, which are mounted on the
forward truck and drive the axles through gearing. In the forward end of the car above the truck is a steam generator, which
furnishes superheated steam at 270 lbs. pressure for the motors.
The car body is of wooden construction, and in exterior appearance is very similar to a composite passenger and baggage
suburban car. It measures 58 feet over all and seats 50 passengers. The compartment at the forward end is 6 feet long,
and contains the steam generator with its accompanying pumps,
and also the control apparatus for the motors, engineer's brake
valve, etc. The fuel, which is either anthracite coal or coke, is
carried in a bunker in the forward end of the car, projecting
out beyond the car and arranged to be filled from the outside.
This bunker will hold enough coal for a continuous run of
miles. Just back of the generator room is a 6 foot compartment
for baggage, behind which is a smoking compartment to seat
12 passengers. The remainder of the car is a general passenger
compartment. This car weighs 45 tons in working order. The
ear which is used by the Chicago, Rock Island Sr. Pacific Railway weighs but 26 tons, and is of approximately the same size.
This difference in weight is due to the fact that the Rock Island
car is of all steel construction, white the Erie car has a wooden
body.
The steam motors have cylinders 4.7 and 6.7 x 5.5 in., and
are arranged so that either can be operated independently, or
both work together. The maximum tractive effort, is 3,700 lbs.
They are completely enclosed in dust proof cases, which are
partially filled with oil, so that all moving parts receive continuous
and thorough lubrication. The cylinders are steam jacketed, and
the motors operate at a normal speed of 600 r. p. m., although they
will run satisfactorily up to 900 r. p. m. A by-pass valve is provided for admitting high pressure steam to the low pressure cylinder to increase the tractive effort at starting, or when otherwise
necessary. The motors arc hung from the frame of the truck by

Fig. 1.
GANZ BOILER.

Ganz Car. Motor cars of this type are being used by four
different roads. The boiler or steam generator, as shown in
Fig. 1, is of special design, carrying a working pressure of 270
pounds, the steam being superheated. The boiler capacity is
rated at 120 horse power. The steam motor is of the enclosed
type with compound cylinders, all the moving parts running
in oil. It is mounted on the forward truck and drives the rear
axle through one set of gears. The cars are designed to maintain a speed of 33 miles per hour on a level track, and the
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spring suspension, the steam connections to the generator being
flexible. Universal joints are fitted to all of the operating rods
for controlling the motors. There is an intermediate shaft interposed between the crankshaft and the driving axle, which carries
three gears, one being in permanent engagement with the gear
wheel on the axle, and the other two being fitted with friction
clutches. These are of different diameters, and can be thrown in,
one at a time, one combination giving full gear and the other
half gear speed.
The steam generator, Fig. 1, is 42 inches in diameter and
5 feet high. It is of the water tube non-explosive type, and consists essentially of four steel cylinders arranged concentrically.
The spaces between the two outer cylinders and the two inner
ones form the water legs of the boiler, and these two spaces are
connected by a large number of small tubes, which constitute
the bulk of the heating surface of the boiler. The water level
is below the upper tubes, and hence these act as a superheater.
The total amount of water in the boiler is comparatively small,
and a continuous feed is provided from the pumps. This boiler
has a heating surface of 212 square feet, and a grate area of
6 square feet. It is rated at 120 horse power, delivering the
superheated steam at 279 lbs. pressure. It is claimed that steam
at this pressure can he obtained in from 20 to 30 minutes from
cold water, using either coke or anthracite coal.
Provision has been made for exposing the tubes for cleaning, and the feed pipe is arranged so that the feed water assists
in cleaning out any mud that clings to the tubes. The water
supply is carried in a tank of 600 gallons capacity, built in the
underframe of the car.

Compound, Superheated Steam, Motor Car Used on the Chicago,
Rock Island & Pacific Railroad. Steam motor cars are also used
on the Chicago, Rock Island & Pacific Railroad. The motive
power of these cars consists of a 250 horse power, two-cylinder
compound steam engine, having cylinders 94 and 141-12 inches,
operated by superheated steam of 250 lbs. pressure, generated
in a horizontal return tubular boiler. The cylinders drive a
pair of 38 inch wheels, forming the trailing wheels of the leading or motor truck. The car is of steel construction similar to
Fig. 2, with interior finish of wood, is 55 feet 9 inches total
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length, weighs 100,000 pound in working order, and has a
capacity of 40 passengers, in addition to a good sized baggage COMpartment. Test runs have shown it to be Capable of speeds of
60 miles per hour. The distribution of weights is such as to
give 38,300 lbs. on the trailing truck, and 61,700 lbs. on the
motor truck, of which 34,400 lbs. is on the driving wheels. The
theoretical tractive effort, working compound, is 4,100 lbs.
The boiler is a very interesting design, being altogether different from anything that has previously been applied to a ear
of this type in this country. The conditions require that the
largest amount of heating surface possible shall be obtained in
the very small space allowed, and, since a fire tube type of boiler
was desired, the return tubular type was decided upon. It consists of a fire box, 33i inches long by 434 inches wide, which is
fitted with fire brick and arranged for burning oil; 214 11 inch
tubes, 3 feet 9 inches long, extend to the combustion chamber,
and an equal number of return tubes of the same diameter and
3 feet 114 inches long terminate in the smoke box directly above
the fire box. The barrel of the boiler, which is in one sheet,
61/ inches long, measures 49 inches in diameter at the - fire box end
and 44 inches at the combustion chamber end. The total amount
of heating surface is 624.4 square feet, of which 527.8 square
feet are in the tubes, 37.6 square feet in the fire box, and 59
square feet in the combustion chamber. The arrangement of the
inclined smokestack and location of the dome, etc., is shown
in Fig. 3.
A smoke box type of superheater is located in the combustion chamber, where the temperature of the gases is very high.
This superheater consists of a header, divided transversely into
two compartments by means of a vertical partition, and 16 superheated tubes, bent into the shape of a double loop and extending
down into the combustion chamber. This header is bolted to a
east steel saddle casting, which is secured on the top of the boiler.
The steam passes from the dome through a short dry pipe into
the saturated steam compartment in the header, and through the
superheater loops into the superheated compartment, and then
through the steam pipe to the high pressure steam chest. The
Miler is securely fastened to the motor truck frames, thus eliminating the necessity of flexible steam joints.

RAILWAY MOTOR CARS.
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The engine is of the two-cylinder, cross compound type,
using the Mellin system of compounding, the intercepting valve
being located in the high pressure cylinder casting. The high
pressure cylinder, which is 94 x 12 inches, is located on the right
side of the truck, and the low pressure cylinder, 141 x 12 inches,
on the Left side. Both cylinders are equipped with piston valves,
actuated by Walschaert valve gear. The cylinders, with their
valve chamber, are in separate castings, and are bolted to the
side frames of the motor truck, the centers being 69 inches ahead
of the center of the driving wheels. Connection to the drivers
is made through a small crosshead, having a single bar guide
and short main rods located outside the frames.
The motor truck is of the four-wheel, spring bolster type,
having cast steel side frames 34- inches wide, which are rigidly
tied together by cast steel transoms and crossties. The bolster
is carried on double elliptic springs. The weight of the car,
or driving journals, is carried by a semi-elliptic spring, suspended
between two cross equalizers, the ends of which rest on the
journal boxes, and the weight on the forward journals is carried by coil springs, one on top of each journal. In this manner a three-point suspension truck is obtained. The boiler is
supported from the truck by plate braces, both transverse and
longitudinal, which are stiffened where necessary.
The trailer truck is of the four-wheel, two-bar equalizer
type, having swinging bolsters of the built up type, and has 34
inch wheels and 41 x 8 inch journals. Both the motor and
trailer trucks are equipped with New York Air Brake Co.'s
brakes, air, however, being obtained from an 8 inch Westinghouse air pump. The New York air signal equipment and Gold
steam heating equipment have been applied. The iighting is
by oil lamps.
The oil for fuel is carried in a tank located in the engine
room, which has a capacity of 100 gallons. A water supply of
1000 gallons is caried in three tanks suspended beneath the
floor of the car.
Development Abroad. The development of motor cars
abroad has made greater strides than in this country, and there
are a large number of roads in England and on the continent
where different types of motor cars are in regular use. On a

number of German railroads the Daimler gasoline car, with a
mechanical transmission, is used. It is equipped with a 30 horse
power engine, having four cylinders, 51 inches diameter by 6
inches stroke. It is located in the middle of the car, and power
is transmitted from the motor through a leather-faced cone friction clutch and through a sliding coil transmission to one of the
axles. There are four forward speeds and one reverse.
In England a number of gasoline cars with electric transmission are used. The power plant consists of a four-cylinder
horizontal gasoline engine, direct connected to a compound wound
separately exciting generator of 55 kilowatt capacity, which furnishes current to two 50 horse power electric motors.
In Hungary a number of gasoline electric cars are also used.
These have 70 horse power gasoline motors, direct connected
to a 45 kilowatt generator, which supplies current to the ordinary railway type motor attached to the two axles. The usual
series parallel controller is provided for starting, and after the
ear is once started the speed is almost entirely controlled by
the throttle of the gas engine. Very satisfactory results are
said to be obtained from these cars. The cars are equipped with
air and hand brakes, air being supplied by a small compressor,
driven from the outer end of the armature shaft. Jacket water
from the motor is passed through the coils inside of the car
for heating during the cold weather, and when no beat is required the water is passed through a coil of tubes on the roof.
Of the foreign steam cars in use, a large number are used
on the Great Western Railway of England. The boiler, as shown
in Fig. 4, is of the vertical fire tube type, with no superheater.
The motor consists of two single expansion cylinders, 12 x 16
inches, coupled direct to the rear driving wheels, which in turn
are coupled to the front drivers. Walschaert valve gear is used.
The water supplied is carried in tanks hung underneath the
car body midway between the trucks. A mechanical speed of
55 miles per hour has been obtained, although the average running speed is about 35 miles per hour.
Another type of steam motor car used in England differs
chiefly from the ones used on the Great Western Railway in
that the boiler is of the fire tube type and consists practically
of two horizontal barrels, placed on either aide of the central
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furnace. The boiler is placed transversely with reference to
the car body, and rises directly upon the truck frame back of
the forward axle. The cylinders are placed outside of the car,
and the valves are operated by an ordinary link motion with a
rocking shaft. The Lancashire and Yorkshire Railway has cars
of a similar type, except that the boiler is of the usual locomotive
type with horizontal fire tubes. The engine is built practically
on the small locomotive design with the drivers coupled.

angular water spaces, joined together by means of slightly inclined steel water tubes. Within the inner cylinder is another
cylinder of slightly smaller diameter, through which the fuel is
fed to the grate below the flame, and hot gases pass around the
water tubes to the stack. The motors are two cylinder cross compound. The largest of these cars in used is 80 horse power.
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Fig. 5.
Fig. 4.

PURREY BOILER, USED ON FRENCH RAILWAY MOTOR CARS.

VERTICAL TYPE MOTOR CAR BOILER, USED ON THE GREAT

In France steam motor cars equipped with the Purrey system are used. The boiler shown in Fig. 5 is tubular, consisting
of two drums, the lower one of rectangular section and made of
cast steel, the upper one cylindrical and of cast iron. The lower
drum is divided into three compartments, two of which are provided for water, the third being for superheated steam. The
outer and lower compartment is connected with the upper drum
by two large return pipes. It is also connected with the intermediate compartment of the same drum by U-shaped tubes. The

WESTERN RAILWAY OF ENGLAND.

The Ganz motor cars are also used extensively in Central
Europe, the boilers being placed at the forward end of the car
together with the fuel bunker, feed-pumps and controlling apparatus. The motor is placed horizontal on the leading truck,
and drives the rear axle through spur gears. The boiler consists of four concentric cylinders with headers, forming two
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feed-water enters the lower compartment, is heated in passing
through the tubes, and rises to the upper drum; the steam thus
formed is returned from the upper drum to the third drum in
the lower drum, where it is superheated and from which it is
taken to the motor. Coke is used for fuel, being fed automatically from a hunker attached to the side of the boiler. The
motor is a four-cylinder tandem compound, rated at 260 horse
power when running at 650 revolutions per minute. Valves
of the ordinary D-type are used, operated through a Stephenson
link motion. The car is capable of maintaining a speed of
about 56 miles per hour, and it is claimed that the cost of operation per train mile is about 7 cents. Other types of motor cars
are used in Europe, the principal difference being in the type
of boiler used.
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Compressed Air.
Compressed Air is usually conceded to mean air under a gage
pressure of from 30 pounds per square inch up ; 3,000 pounds per
square inch being the usual limit, and pressures of from 60 to 100
pounds being the usual practice. Before going into the subject of
Air Compression, however, it might be advisable to state briefly
the chief characteristics of free air in order that its actions under
pressure may be the more easily understood.
The most important characteristic of free air and the one
which bears most directly upon its efficiency when compressed is
the fact that it expands when heated and absorbs moisture. The
following table (Table 1) shows the effect of heat upon a given

TABLE 1.

JoNAPA....

oo

ee e

e
558
OOO 6oO o0 0ca oo.000ek

RraO@FE5iEga5Tin3

focaco.p .40-444 toioioCoio laioio loiat-t-ii-

=Q. .=ca oaataoc aco

cailin4adoixk o ot ca

MnItTgralreal

8

66,=■ =:36 0eta l

I E gin a5 §§§§B§§E§g,

QCTIT3a3 :Igra I!

Weight of a
cu bic too t iu lb.

l

laa
)mum 1
Il lanttnpA

[I t

•saaaap

-

8

rENNITP"Iila
88

oo8- 09!a"

WiE M MIRRNM 4 q,

10 5

1

laa; a tqu a
a ; 3ninio p,

sagifi4p
ti t

48spiuqdm t

■•■•

66

,

I
I—

1141.:j,
W:14:1

weight o f a
cubic foo t in lb.

Of the volume and weight of dry air at different temperatures under a constant atmospheric pressure of 29.92 inches of mercury in the barometer
(one atmosphere), the volume at 32° Fahrenheit being 1.
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These tables apply to dry air only. The effect of moisture
will vary the figures of temperature and to some extent will effect
the pressures, but many useful deductions may be drawn from the
tables. It is seen, for instance, by studying Table 1, that a volume
of dry air will be doubled if its temperature is increased about 500
degrees, and conversely, of course, if the volume remains constant
an increase of about 500 degrees in temperature will double the
pressure. The addition of moisture serves to increase these figures,
because moisture increases both the specific heat and the heat-conducting capacity of the air.
The thermal results of air compression and expansion are
shown by the accompanying diagram (Fig. 1). Both the temperature of the air and its volume are shown at different stages of
compression. The simplest application of this diagram is that
which gives the gage pressure; represented at different points of the
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Heat Produced by Compression of Air.
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volume of air, and it will be seen that if this air is not allowed to
expand and is confined in a given space the effect of heating
is to raise the pressure. Conversely, therefore, when air is compressed, its temperature is raised as shown in Table 2.
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stroke. This is shown in the vertical lines. But in compressing
air we produce heat, and it is important to know the temperature
at any given pressure, also the relative volume. All of these are
shown in the diagram. The initial volume of air equal to 1 is
taken and divided into ten equal parts, each division between two
horizontal lines, shown by the figures at the right, representing
one-tenth of the original volume.
The vertical and horizontal lines are the measures of volumes,
pressures and temperatures. The figures at the top indicate pressures in atmosphere above a vacuum; the corresponding figures at
the bottom denote pressures by the gage. At the right are volumes
from one-tenth to one. At the left are degrees of temperatures
from zero to 1000 0 F. The two curves which begin at the lefthand corner and extend to the lower right are the lines of compression; the upper one being the "Adiabatic" curve, or that which
represents the pressure at any point on the stroke with the heat
developed by compression remaining in the air. The lower is the
"Isothermal," or the pressure curve at constant temperature. The
three curves, which begin at the lower left-hand corner and rise to
the right, are heat curves, and represent the increase in temperature
corresponding with different pressures and volumes, assuming in
one case that the temperature of the air before admission to the
compressor is zero, in another 60 degrees, and in another 100
degrees.
Beginning with the adiabatic curve, we find that for one volume of air, when compressed without cooling, the curve intersects
the first vertical line at a point between 0.6 and 0.7 volume, the
gage pressure being 14.7 pounds.
If we assume that this air was admitted to the compressor at
a temperature of zero, it will reach about 100 degrees when the
gage pressure is 14.7 pounds. We find this by following down the
first line intersected by the adiabatic curve to the point where the
zero heat curve intersects this same line, the reading being given
in figures to the left immediately opposite. If the air had been
admitted to the compressor at 60 degrees, it would register about
176 degrees at 14.7 pounds gage pressure. If the air were 100
degrees before compression, it would rise to about 130 degrees at
this pressure.
Following this adiabatic curve until it intersects line No. 5,
representing a pressure of five atmospheres above a vacuum (58.8

pounds gage pressure), we see that the total increase of temperature on the zero heat curve is about 270 degrees; for the 60 degree
curve it is about 370 degrees, and for the 100 degree curve it is
about 435 degrees. The diagram shows that when a volume of air
is compressed adiabatically to 21 atmospheres (294 pounds gage
pressure) it will occupy a volume a little more than one-tenth; the
total increase of temperature with an initial temperature of zero
is about 650 degrees; with 60 degrees initial temperature it is 800
degrees, and with 100 degrees initial it is 900 degrees.
It will be observed that the zero heat curve is flatter than the
others, indicating that when free air is admitted to a compressor
cold the relative increase of temperature is less than when the air
is hot. This points to the importance of low initial temperature.
It is plain that a high initial temperature means a higher temperature throughout the stroke. The diagram gives the rise of temperature during compresssion from initial temperatures of 0, 60
and 100 degrees. If we compare the compression line from zero
with the compression line from 100 degrees we observe that in
compressing the air from, say, 1 atmosphere to 10 atmospheres, the
original difference, which at the start was only 100 degrees, has
now been about doubled ; that is, it has reached 200 degrees, and
in carrying the compression to 20 atmospheres the difference
becomes about 250 degrees. Each horizontal division represented
by the figures at the left is equal to 100 degrees, and the space
between any two adjacent horizontal lines may be subdivided into
100 equal parts representing 1 degree each.
Where there is a system of cooling the air during compression,
the lines on the indicator cards can be traced between the adiabatic
and isothermal curves on the diagram. In practice the best compressors show a line about midway between these two curves.
Compressors using a spray of water for cooling show a pressure line
a little nearer the isothermal.
For all practical purposes in using this diagram it is best to
follow the adiabatic curve in all determinations, except where the
exact pressure line is known. This diagram will be found convenient for those who are called upon to figure the pressures at
different points in the stroke of an air compressor, and it points
out the common error of neglecting to take into consideration in
one's figures the fact that, at the beginning of the stroke, one atmosphere in volume already exists. Beginning at the upper left-hand
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corner, the adiabatic pressure curve intersects the first vertical line
at that point in the stroke when the pressure on the gage will register 14.7 pounds.
The next vertical line shows where the gage reaches 29.4
pounds, and it is evident here that the piston of an air compressor
travels much farther in reaching 14.7 pounds than in doubling
that pressure or in reaching 29.4 pounds; thus an air compressor is
an engine of unevenly distributed resistance. During the early
stages of the stroke it has a slowly accumulating load to carry,
while later on this load is increased very rapidly. This is one of
the reasons for heavy fly wheels on air compressors.
The loss due to the heat of compression is the greatest loss in
the production of compressed air, and to prevent this a cooling
medium is supplied that will abstract the heat of compression.
Water is usually employed, and it has been used in various ways,
calling into existence two distinct classes of compressors:—

dry or jacketed compressor; its commercial efficiency, however, is
not so high, owing to the fact that it must operate at a very low
speed, the water preventing proper cylinder lubrication and impurities in the water attacking the walls of the cylinder. On this
account, at the present time, there is probably not a single compressor builder who follows the wet process.

DRY COMPRESSORS.
In the dry compressor the external walls of the cylinder are
flooded with water. This has scarcely any cooling effect upon the
air being compressed, however, as only a thin film of air is in
contact with the cylinder walls, and that for a very short time.
Jacketing is therefore effective only for cooling the cylinder walls
sufficiently to prevent the lubricant from carbonizing. Efficient

1. Wet Compressors,
2. Dry Compressors.

WET COMPRESSION.

In the first class, water is introduced directly into the cylinder during the compression process, and in the second case no water
is admitted to the air during compression.
Wet compressors may be subdivided into two classes :(a.) Compressors in which water is sprayed into the cylinder
during compression, and
(b.) Those which use a water piston for compressing. The
first class of wet compressors has shown the highest degree of
efficiency for single-stage (or simple) compressors, because the
water is thoroughly mixed with the heated air and takes up the
beat readily (due to the difference in the specific heats of water
and air). The injected water must not be excessive, or damage will
result to the compressor. An increased capacity also results from
using water in the cylinder to fill the clearance spaces.
The spray-injection compressor has been used mostly in
France. It will show a higher thermodynamic efficiency than the

Fig. 2

cooling can only be effected in compressors of the dry type by what
is known as " stage compression," that is, compressing in two or
more cylinders connected in series and passing the air through
an intercooler, or nest of pipes through which cold water is circulated, between each two stages.
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It should be stated here that when air is compressed in a cylinder without the removal or escape of any of the heat produced, the compression is
known as " adiabatic." When compression is carried on in such a way that
heat is removed is fast as it is produced, the compression is isothermal."
In the first case the air delivered under pressure will be at the high terminal
temperature corresponding to that pressure. In the second, the compressed
air will have the same temperature at which it entered the cylinder. Adiabatic compression is the kind which all pneumatic engineers seek to avoid,
while isothermal compression is the impossible ideal. The actual results secured in the best compressors are intermediate between these, but nearer to
the adiabatic. With intercooliug the compression obtained is nearer the
isothermal than is possible with any other form of dry compressor.

Two stage for pressures of 100 to 600 pounds. Either three or
four stage for pressures above 600 pounds.
The accompanying table (Table 3) shows the loss due to heat
by adiabatic compression as compared with isothermal compression, or compression without gain or loss of heat. Any beneficial
effect due to jacket cooling is not considered, but in the figures for
stage compression the air is supposed to be cooled to atmospheric
temperature (60° F.) by the intercoolers.
Tables 4 and 5 show respectively the horse power developed
in compressing a cubic foot of free air front atmospheric pressure
(14.7 lbs.) to various gage pressures, and the per cent of work
saved by compound compression compared with simple compression.
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TABLE 3.
Showing the Maximum Loss of Work Due to Heat in Compressing Air from
Atmospheric Pressure (14.7 Pounds) to Various Gage Pressures by
Simple and Compound Compression.-" Copyrighted by F. M. Hitchcock."

Initial Temperature of the Air in Each Cylinder Taken as 60° F
( Jacket Cooling Not Considered)
.

Gage
Pressure

Number of
Atmosphel as
of Cornp:ession

Maximum or Theoretical Per Cent. of Work Lost
by Adiabatic Compression Compared
'With Isothermal Compression

:

+
One

Two

Stage

Stage

30.5
32.7
34.7
36.6
.41.1
51.2
61.1
68.7
75.0
80.4
89.4
96.2
102.9
108.6
113.4
117.8
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.
.
.
.
.
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The process is the same as though, supposing the compression
to be carried on in a single cylinder, the piston were stopped for a
moment at different points in the stroke, and the air, already partially compressed and heated, withdrawn long enough to be cooled
by some external means to its initial temperature and then returned to the cylinder to be further compressed. It is evident that
a fairly uniform temperature could be maintained in the air volume throughout the range of pressures from initial to terminal.
The result would be in effect nearly that of isothermal compression.
This is essentially what takes place in a stage compressor, and the
practical results are made evident by a study of the combined indicator diagrams shown in Fig. 2. In this case the air was compressed in the low-pressure cylinder to 23 pounds per square inch
absolute. Here it was passed through an intercooler and reduced
in volume to such an extent that the compression line was brought
very near to the isothermal line. The subsequent compression in
the high-pressure cylinder carried the pressure to 85 pounds per
square inch, at which point the compression line was still much
nearer the isothermal line than the adiabatic, although the compression in this cylinder was practically adiabatic.
After much experimenting the manufacturers of air compressors have fixed upon 80 pounds gage pressure as the maximum
terminal pressure which can be most economically obtained in a
single cylinder, and for pressures from 85 pounds up they have
adopted compound compression in two, three and four stages, the
number of stages increasing with the pressure, as follows:Either single or two stage for pressures of 80 to 100 pounds.
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Three
Stage

Stage

Four

8.8
9.4
10.1
10.5
11,7
14.2
16.3
18.0
19.3
20.3
22.2
23.2
24.7
25.8
26,4
27,2
27,8

6.08
6.36
7.31
7.82
8.8
10.5
12.0
13.0
14.0
14.9
16.2
16.9
17.7
18.5
19.2
19,8
20.2

_._
5.76
6.44
7.12
7 .130
9.50
14.61
21741
28:21
35.01
41.82
55:42
69.03
82:63
96:24
109.84
123.45
137.05

.

122.0
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TABLE 5.

TABLE 4.
Horse Power Developed in Compressing a Cubic Foot of Free Air from Atmospheric Pressure (14.7 Pounds) to Various Gage Pressures.-" Copyrighted by F. M. Hitchcock."

Initial Temperature of the Air in Each Cylinder Taken as 60 0 F
;Jacket Cooling Not Considered)

Showing the Per Cent of Work Saved in Compressing Air from Atmospheric
Pressure (14.7) to Various Gage Pressures by Compound Compression
Compared with Simple Compression." Copyrighted by F. .31.Hitcheock."

Initial Temperature of the Air in Each Cylinder Taken as 60a P.
(Jacket Cooling Not Considered)

Gage
Pressure

Adiabatic Compression

Two Stage

Three Stage

Pour Stage

-

I sothermal

I

.

.122

[119

.131
.139
.146
.161
.174
.196
.229
.253
.272
.288
.302
'.314
.325
.335
.353
.368
.381
.393
.403

.127
.135
.14E
'.157
,169
,190
c220
.242
.260
.275
.289
.299
.310
.318
.333
.347
.359
.369
.379

•
.

.128

.137
.146
.154
.171
,186
.210
.247
.276
.299
.318
.335
.349
.363
.375
.397
.414
.432
.447
_460

12.7
13.5
14.2
14.7
16.1
19.2
21.9
23.7
25.2
26.5
27.3
28:3
29.0
29.7
30.9
32.1
32.8
33.5
34.3

4=

._

F r

Our
Stage

0
0

.

.

Three
Stage

tr)

-

2,9 ,95128,51g8A288
§888 88 §;;;;-. ..s,....pic.) incr.,cso cn c.4"rcpco§

.

.0358
.0623
.0842
.1026
.1187
.1331
.1465
.1585
.1695
.1800
.2036
.2244
.2600
.3164
3613
.3889
,4318
.4608
.4873
.5114 .5337
.5742
.6102
6427
.6724
.7003

Stage

,

.

■

_

1
INTERCOOLERS.

Intercoolers are of various designs, some being constructed
to cool the air by passing it through coils of pipe, or nests of tubes,
contained in tanks kept filled with cool running water, and in
others the water is passed through the coils or tubes, and the air
made to circulate about them, being split into thin streams and
forced back and forth over the pipes by means of baffle plates,
Fig. 3. In any design, however, the object is to remove all the
heat produced by one compression before the next is begun. The

Fig. 3
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When compressors are operated at altitudes considerably
above sea level it is necessary to make radically different calculations as to the volume of air required, owing to the difference
in the density of the atmosphere or free air. The barometric pressure of air, usually taken at 30 inches at sea level, and which
corresponds to an atmospheric pressure of 14.75 pounds per square
inch, absolute, decreases with the increase in height above sea
level.
When stating the amount of air required to operate pneumatic tools and machinery, the amount at sea level is always
meant, unless otherwise specified. As free air, however, varies in
its weight at different heights, the amount of compressed air
delivered by a compressor at a given terminal pressure varies at
different altitudes. The volume of air displacd by the compressor
piston is, of course, the same under all conditions, but the efficiency of an air compressor of a given capacity, measured in
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best intercoolers are provided with a sufficient amount of cooling
surface to accomplish this, so that the air is taken into each compression cylinder at practically initial temperature.
The amount of cooling surface that intercoolers should have
depends upon the capacity of the compressor and the number of
compressions in each cylinder, together with the initial temperature of the air and of the cooling water ; but in ordinary two-stage
compressors, working under average conditions, about one square
foot of cooling surface should be provided for every 10 cubic feet
of free air per minute. If the intercooler has an exceptionally
generous allowance of cooling surface, and the cooling water is
sufficiently cold, it is quite possible to cool the air passed through
it to a temperature considerably lower than it had as free air when
taken into the low-pressure cylinder. It is usual to figure on
supplying a compressor with about one gallon of cooling water for
every 50 cubic feet of free air it compresses.
Receiver intercoolers should always be used, as they are
much more efficient than intercoolers of small capacity, because
they allow the air more time for cooling between stages, and also
decrease the losses due to wire-drawing. If the intercoolers do
not have good efficiency, there is no economy derived from using
stage compressors.

COMPRESSED AIR

Pounds
Per
Soma-a
Inch

COMPRESSED AIR.

'Percentage of Efficiency of Air at Altitudes Considering Its Volume 10Per Cent. at Sea Level
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Table 7 gives the horse power required to compress one cubic
foot of free air at various altitudes from atmospheric pressures to
gage pressures in one and two stages. At sea level it is advantageous to compress air to 85 pounds or over in two or more stages.
Owing to the fact, however, that air is of less density at high
a]titudes, the number of compressions that are necessary for the
required gage pressure are increased, and there is, therefore, far
more economy in compounding at high altitudes than at sea level.
For the same reason it pays to compound at altitudes for lower
pressures than at sea level.
As an illustration of the use of the tables, consider that 1000
cubic feet of free air is compressed to 80 pounds at sea level by
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delivered compressed air, decreases rapidly with the increase in
altitude.
As a matter of fact, however, this difference is partially compensated for by the fact that the compressed air motor discharges

against a lower pressure, thus securing practically the same ratio
of expansion in both cases, provided the air could be used expansively. Usually it is not advisable to permit of much expansion,
owing to the freezing at the exhaust. If reheaters are used, however, considerable expansion may be effected.
Mr. F. M. Hitchcock has written authoritatively upon air
compression at altitudes, and the tables shown herewith were calculated by him and are reproduced by his permission. The first
table (Table 6) is derived from the following formula, which
represents the relation of the volume of air at an altitude to that
at sea level when compressed to a given pressure.
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simple compression. The horse power developed is 1000x.158
(Table 7)=158. Considering the compression to be at an altitude of 10,000 feet, from Table 6 it is seen that the volume must
be increased 39.4 per cent in order that the compressed air at the
altitude may be equivalent in effect to that at sea level. In other
words, a volume of 1394 cubic feet of free air is required. The
horse power factor for simple compression to 80 pounds at 10,000
feet altitude is seen to be 0.134 (Table 7), so that 1394 feet x
0.134=186 horse power is required for the same effect. This
may also be obtained by multiplying the horse power required at
sea level (158) by the percentage of increase given in the righthand column of Table 8 (0.18).
The figures for horse power given in Table 7 do not include
friction losses, for which 10 to 15 per cent should be added, depending upon the efficiency of the compressor used. In connection with the air end, it should be borne in mind that steamactuated compressors exhaust into lower atmospheric pressure at
altitudes, so that the back pressure is less; therefore, for the same
steam pressure as at sea level there is a gain in the net mean effee•
tive pressure obtainable from the steam, which should be considered in designing steam actuated compressors for use in high
altitudes.
-

P.8 ri t.. tEAR8ta 3 -6-

O

1041

THE COMPRESSED AIR POWER PLANT.

Concentration and centralization in the generation of power
are now the standard practice in all industries, and the central
compressed air power plant is, therefore, of considerable interest,
as it is a comparatively recent departure in compressed air work,
and is receiving widespread attention. For, while compressed
air as a means for transmission of power is by no means new, it
is only within the last few years that the central air compressing
plant for general power purposes has become a recognized feature
of industrial economy.
Central compressed air power plants may be classed under
two headings:—
Temporary Plants.
Permanent Plants.

rhico•iiicer:coad
...

The former are made up largely of compressed air installations for contractors, and comprise only such apparatus as may be
67
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easily transported and erected. In selecting a compressor for
such a plant it is first necessary to know the number of cubic feet
of free air per minute required.
The reader has probably noticed the extensive number of
tables contained in this article, and in the section devoted to formulas and tables he will find a great many more. The authors
believe that too much emphasis cannot be ]aid upon the value of
tabulated data in connection with compressed air work, and it has
been their desire to present a sufficient array of tables to enable
anyone to figure out his own requirements.

Fig. .4
After ascertaining from tables, therefore, the amount of air
required, it is advisable to select a compressor of considerably
larger capacity ; first, because practically all air compressors are
rated at higher speeds than it is advisable to operate them; and,
secondly, because all builders of air compressors rate their machines by " piston displacement" In other words, if a machine
is rated to deliver 300 cubic feet of free air per minute, it means
that this is the volume which the piston displaces per minute at
rated speed and not the actual quantity of air delivered. An
allowance of at least 10 per cent should be made for the volu-
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metric inefficiency of the compressor, and it is usually advisable
to purchase a machine of 50 per cent greater capacity than the
work in hand requires in order that proper provision may be made
for future growth in the plant.
Practically the only type of air compressors adapted for use
in temporary plants is the straight-line type. This class of compressor, as may be seen from the illustration, is self-contained,
supported on a single frame, easily transportable, does not require
a special foundation, and may be quickly lined up and erected.
Furthermore, machines of this class are strong, durable and simple
in construction, are adapted to rough usage, and do not require
the services of a skilled mechanic in the engine room.
In installing a temporary plant care should be taken to
obtain cool air for the compressor, for every five degrees' reduction in temperature of the intake air means a gain of about 1 per
cent in the volumetric efficiency of the compressor. Circulating
water should be provided for the cylinder jackets, and, if it is
desired to economize in the use of water, water heated in the compressor may be used to feed the boiler after leaving the compressor
jacket.
Before leaving the subject of the straight-line air .:ompressor,
it might be well to say a few words regarding the valve gears in
use on these machines. As a general rule the steam cylinders,
especially on the larger machines, are fitted with Meyer cut-off
valves, smaller machines being fitted with plain slide valves.
The air end of the compressor, however, presents a variety of
valve types, a common one being horizontal poppet valves for both
inlet and outlet. Some makes of straight-line compressors are
fitted with Corliss air inlet valves and poppet outlet valves.
Straight-line air compressors are sometimes constructed with
two-stage air cylinders, arranged in tandem and with Corliss steam
valve gear. There is but little demand for such machines, however, and they are not to be commended, for, if the requirements
of the plant point to the installation of a two-stage machine, the
duplex type is much more efficient than the straight-line, owing
to the fact that the load is more evenly distributed, thereby giving
higher economy in compression, better equalizing of the strains in
the machine and better regulation. Furthermore, if one is to pay
the higher price for a two-stage straight-line machine fitted with
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Corliss valves, it would be as well to spend a little more and obtain
a duplex compressor..

CORLISS VALVE GEAR ON STEAM CYLINDERS.
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Approximate

PERMANENT PLANTS.
Permanent compressed air power plants should represent all
that is best in compressed air practice. As a matter of fact, very
few of them do, especially the plants in coal mines, where fuel is
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Fig. 5
cheap. This condition is to be regretted, as it acts as a handicap
to compressed air and creates a false impression of its economy
and efficiency. The permanent compressed air power plant should
be fitted with only the latest and most economical compressors and
operated condensing. The two-stage compressor is, therefore, the
best machine for this service and should be fitted with compound
steam cylinders, if the steam pressure is high enough to warrant
it Such a machine will be very economical of steam and will
require but slight attention, the air regulator governing the speed
to conform to variations in load.
Compressors for use in permanent plants are constructed in
a variety of styles and types and may be classed as follows:—

Approximate

per
1. H. P. Per Hour
Condensing

STFOI OF COMPRE9.9011

Small machine shops are generally fitted with belt-driven
compressors, or either electric-motor or gas engine-driven machines. The water rates given above are approximate only, and
are the average of a great many tests. In some individual cases
differences of from two to four pounds occurred, but the authors
believe that they are close enough for all practical purposes and
that they represent performances under ordinary conditions. It
will be noted that the Corliss compressors are rated at a lower
steam consumption than the Meyer valve machines.

CARE OF COMPRESSORS.
Lubrication. The Droner lubrication of air compressors is
most important, as air cylinders do not require oil either in quality
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or quantity as do steam cylinders. What is good for one is bad for
the other. A steam cylinder needs oil of low flash point and in
large quantities, as the tendency of wet steam is to wash the oil
out of the cylinder. Not so with air; there is no washing tendency
and very little oil will last a long time. This oil should be of the
best quality obtainable and of a high flash point. It should be a
non-coking oil, that is, when evaporated on a piece of hot metal it
should not leave a deposit of carbon. This is a point which has
been very much neglected, and this neglect is responsible for much
waste of money and, what is worse, for explosions, which destroy
property and threaten lives.
The actual amount of oil which should be used in an air
cylinder is one-quarter of that which should be used in a steam
cylinder of the same size. This might be considered a maximum,
as very much less will often suffice, especially where the oil is of
the best quality. Too much oil, where there is a coking tendency,
results in the choking and gumming of valves and ports. A discharge valve may stick through coking, in which case it will
admit some of the hot compressed air into the cylinder against
the receding piston, which upon the return stroke is compressed
and carried to a temperature beyond the flashing point.
Cleaning Valves. Sometimes when discharge valves give
trouble they are cleaned by injecting kerosene; this is a fatal error.
Kerosene should never be used in the air cylinder, but, instead,
the oil-cups should be filled with soap-suds, made preferably of
soft soap, which should be fed into the cylinder ; the compressor
should be run on soap-suds instead of oil for a day each week,
care being taken to feed oil for a half hour before shutting down,
so that the parts may not be subject to rust, which is the only
danger from soap-suds.
It is very good practice to keep an extra set of discharge valves
on hand, as this enables the engineer at any time to replace those
on the compressor with clean ones. The change may be accomplished in a very few minutes and the dirty valves may be thoroughly cleaned by the engineer at his leisure.

the fluctuations in the air line and of the pulsations of the compressor. A receiver also gives the air a chance to deposit part of
the moisture expelled through compression and prevents this water
from being carried over into the air mains.
The proper size of receiver to handle a given quantity of
compressed air may be ascertained by consulting the trade catalogs. In case, however, it is desired to determine this factor theoretically, it may be easily accomplished by the following method :1st. Determine the maximum capacity of the compressor per
minute in free air (piston displacement per minute will do).
2d. Calculate what volume this air will occupy at the working pressure, and this will be the required volume of the receiver.
This is a very easy calculation to make, as the following
example will illustrate:
Suppose the maximum piston displacement of compressor
per minute is 65 cubic feet.
Working pressure=80 pounds (gage).
To determine the volume of 65 cubic feet of free air when
compressed to 80 pounds' pressure, the following formula may be
used:
14.7 V,
V2 P2 +14.7
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RECEIVERS.
Every compressed air power plant should be fitted with an
adequate receiver, or, sometimes, several receivers, to take care of
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In which V,=maximum piston displacement in cubic feet per
minute= 65.
P 2 =working pressure (gage) =80 pounds.
V2 =volume of the air at the higher pressure.
Substituting in this formula we have:
14.7x65

V2 = 80+14.7 —10 cubic feet.
This would be the volume of a receiver 18 inches in diameter
and 6 feet long. It is therefore possible, by using the above formula, to determine approximately the minimum sized receiver
necessary, but in making selection a larger one is preferable.
There is no drawback in having the receiver too large; in fact, most
troubles are caused by the receiver being too small to overcome
fluctuations in pressure and by not allowing the air to remain
stationary long enough to cool and to deposit part of its moisture.
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AFTERCOOLERS.
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There are numerous formulas for the flow of compressed air
in pipes, of which D'Arcy's is the most generally used. In this

The following tables give values for w, -Vw, and for 0/d5
which will greatly facilitate the making of calculations with
D'Arcy's formula:

swipe /
aarare ia

TRANSMISSION.

p
D=cN- id5x
w

Pave/

REHEATERS.
It has already been shown that air when heated expands. It
is, therefore, evident that if compressed air be heated just before
it enters a motor cylinder its volume will be increased and more
work may be obtained from it. By reheating air, therefore, some
of the work which was lost in compression, due to inefficient cooling, may be regained and the efficiency of the cycle increased. It
pays then to use a reheater. Just how much it pays is still a
matter open to discussion; it depends, for one thing, on the cost
of fuel. It is certain, however, that theoretically the cost in heat
units of the volume of air produced by reheating is less than oneeighth of the cost of the same volume produced by compression.
As a general rule, a gain in efficiency of from 15 to 20 per cent
may be counted upon as a result of reheating. In order, however,
that reheating may be effective, the reheater should be placed very
close to the motor cylinder, as air cools very rapidly when transmitted through pipes exposed to the atmosphere.

formula D=cubic feet of compressed air discharged per minute
Under the terminal pressure from a pipe of any diameter and
length; d=inside diameter of pipe in inches; p=allowable drop
in pressure during transmission; w=density of the compressed air
at the initial pressure; 2=length of pipe in feet; c=a coefficient
found by experiment ; then

1d
.1wpm:era

It is often necessary to obtain -dry" air from the compressor
plant. This is notably the case in railway yards where compressed
air is used for operating switches and signals. In this work the
pipes are laid horizontally under the ground, and there is usually
no point at which entrained moisture may be allowed to accumulate and be drained off. Furthermore, the pipes are small and the
switch mechanisms so delicate that any water carried into them
would be liable to cause trouble. " Dry" air is secured by means
of an aftercooler, or a receiver fitted with pipes through which cold
water is circulated in the same manner as in an intercooler. Sometimes, however, aftercoolers consist simply of a nest of pipes
exposed to the atmosphere, and the compressed air is led through
them on its way to the receiver.
Aftercoolers may be installed at slight expense and form a
very valuable addition to a compressed air plant where the air is
used in operating pneumatic tools and other delicate appliances.
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Mr. Lucius I. Wightman has calculated a set of tables for the
transmission of compressed air at different pressures. Two of
these tables are given herewith and are sufficient for most cases,
compressed air being generally used at pressures of from 80 to 100
pounds.
Valves and bends should be considered as adding to the length
of the pipe line and should be taken into account in making calculations. The following tables may be used to advantage for this
purpose:
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These additional lengths of pipe for globe valves, elbows and
tees must be added in each case to the actual lengths of straight
pipe. Thus a 6-inch pipe, 500 feet long, with 1 globe valve, 2
elbows and 3 tees, would be equivalent to a straight pipe 500+36
+(2X24+(3X24)=656 feet long.
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for elbows and tees. For globe valves multiply byl:
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Compressed air transmission lines should preferably be laid
above the ground, as in this way leaks are more easily located and
corrected. Great care should be taken to insure absolutely tight
joints, as more money can be lost through a few seemingly insignificant leaks in the line than can be saved by the utmost refinement of compound steam and air cylinders. Long turn elbows
should always be used and proper expansion joints inserted at
frequent intervals. Every low point in the line should contain a
trap for the drainage of entrained moisture and all valves should

be of the gate pattern, as these offer less resistance to flow.
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COMPRESSED AIR FORMULAS AND TABLES.

Pi=absolute intake pressure in pounds per square inch.
Pt=absolute discharge pressure in pounds per square inch.
N=number of stages in which compression is to be accom
plished.
M. E. P. t =theoretical mean effective pressure.
H. P.-,=theoretical horse power.
H. P. f=horse power including 15 p.n. cent friction.
E=altitude in feet.
TABLE 13.
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For one stage
M. E. P.1=3.45 PiR APTY.29-11
I

(C)

For two stages
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M. E. P.c.-6.90 Pi [(1=7.)
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For three stages
M. E. P.,=10 35 Pi

[G,Pg-ir-ii

(E)

For four stages
.0725

M. E. P.,-=13.80

Pi [(A ° —1]

(F)

For five stages
pi

M. E. P.,-=-17.25

.058

Pi [( ..).1.)° —1 ]

(G)

In general
M. E. P.,=3.45 N Pi [G--irl

(H)

The following formulas were &heed by E. F. Schaefer,
M. M. E., and published in Compressed Air, March, 1906:
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Two STAGES.

Adiabatic Compression for Sea Level Conditions.
For one stage
H. P., =0.10163 (Pt 4129-2.183)

For 60-pound Gage Pressure.

(I)

For two stages
H. P.,=0.30043 (Pt 0.145-1.477)

(J)

For three stages

H. P. t=0.51319 (Pt

0.097-1.297)

(K)

For four stages

H. P. =0.1177-0.0000038E

(T)

H. P..=0.1354-0.0000022E

(U)

For 80-pound Gage Pressure.
H. P. 0.1374-0.0000024E

(V)

H.P. 0.1580-0.00000275E

(W)

For 100-pound Gage Pressure.

H. P. ,=0.72983 (Pt 0. 0725-1.216)

(L)

H.P.,=0.1535-0.0000028E

(X)

H.P. f=0.1765-0.0000032E

(Y]

In general

H. P.
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^0.2215695 N[

29

(14.75w) Pt —

( 14.751

(M)

For 125-pound Gage Pressure.
H.P.,=0.1708-0.00000325E
H. P. f =0.1964-0.0000037E

Adiabatic Compression for Altitude Conditions.

For 150-pound Gage Pressure.

SINGLE STAGE.

H.P. t=0.1859-0.0000036E

(CC)

H. P. f=0.2138-0.0400042E
-

(DD

For 60-pound Gage Pressure.
H. P. 1 =0.1333-0.0000019E
H. P. ,=0.1533-0.00000215E

(AA,
(BB'

(N)
(0)

For 80-pound Gage Pressure.
H. P. 1=0.1586-0.0000024E
H. P. =0.1824-0.00000275E

(P)
(Q,)

Stage Compression.
Condition for best proportion.

For 100-pound Gage Pressure.
H. P. 1=0.1804-0.0000029E

(R)

H. P.f =0.2075-0.00000325E

(S)

N

r,=-,rt=r,=..rN
68

R.

(EE)
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TABLE 16.

TABLE 14,

FACTORS FOR ALTITUDES.

TABLE OF THE VOLUME OF FREE AIR REQUIRED FOR
OPERATING HOISTING ENGINES

Factors

Di m

THE AIR COMPRESSED TO 60 POUNDS GAGE PRESSURE
Single Cylinder }lois ing Engine

Revolt'.

'Stroke
lhes
es Inc

tions per
7ini.lte

Normal

Weight
•Lured
Single Rope

Actual
Horsepower

Horsepower

'0 00 00 0 0

0

Ci

P. P. P.IP .111

I2.1

Level
,000

15 1

170
238
330

16.8
18.9
26.2

111:7,1
'6
:4 r4

Preasure I. Drill

60
Lbe.

70
Lbe.

.894
.92.9
.552
.983
1.016
1.049
1.085
1.119
1.157
1.198

9.70
0.84

.789
.814
.839
.865
.893
.922
.952
.982
1.015
1.049
1.082
1.119
1.157

8.98

1.197 1.870

8.66
8.32

1.236 1.415
1.279 1.485

so

90
Lb..

100
Lbe.

1.000
1.033
1.066
1.102
1.189
1 -176
1.218
1.257
1.800
1.847
1.890
1.439
1.488
1.543
1.594
1.652

1.105
1.142
1.179
1.220
1.261
1.308

1 - 211

1.449
1.491
1.642
1.599
1.556
1.7
1.775
1.840

1.686
1.642
1-896
1.760
1.824
1.889

Lbe.

Ilea

Cubic' Feet of
Free Air
RequOred

2.000
8,000
4,000
6,003
8,000
7,000
8,660
9,000

14.75
14.20
19.67
18.111
12 67
12.20
11.73
11.80
10.87
10.46

'10,000

20.07'

75
So
125

5. 9
6. 3
9.9
0

Diameter. of
Cylinder

Air

11,000
19,000

18
14,
16.000

1.231
1.270
1 322

/.608
1.298
1.888
1.888
1.481
tam 1. 487
1.895 1-684

1.966
2.026

Double Cylinder Hoisting Engine
2❑0
CO

o 0 00vlo

cl■

0

ck+

i6o
760
125
125
110
Ito
ZOO

I000

12.6
19.8
24.2
33.6

1650
2500
350❑

600o
8000
10000

37.8
52.4
89•2

❑

90

11.8

TABLE 17.

150
160
250
302
340
476
66o

FLOW OF AIR THROUGH AN ORIFICE IN CUBIC FEET OF FREE
AIR PER MINUTE FLOWING FROM A R01.'N D HOLE
IN RECEIVER INTO THE ATMOSPHERE

Orifice
inches

1587

125.

Receiver Gage Pressure

Dimeetc- of

112 5

a lbs.

5 lbs.

so lbs.

r5 lbs.

2o As.

25' lbs.

so lbs: 115 lbs.

40 lbs.

1

.033
.153
•647
2.435
9.74
21.95
39.00
61.0o
87.6o
119.50
156.

TABLE 15.
sa;ai

11 ;.1Dp

-13 It‘ oyo

lalome ia

I% 2%

2h

8% 2 %

836

4;.4 535

1
88.a
96.1

790

.084 2

.103

.119

.242

.342

.418

.4 8 5

.965

3.86
15.40
34.60
61.60
96:50
133.
189.
247.
38 4.
55o.
985.
so lbs.

00

U.

3
53

4.

121.

215
215.

❑
noqr7 'tot .•
Mr

1
3.4

8,535,8,930

3-36

2,65.qiugo

14,440'4,790

45 lbs.

8
43-

1 ,8311 1,448
1 ,775 1.925
2,218'2,400

2 42-

350,
625.

6
33
.

1.36

1.67

5.45
21.8
4987.
136.
196.
267.
350543.
780.

6.65
36.70
6o.

6o lbs.

.225

. 26

.9 1 4
3.64
14.50
58. 2

1 .05

4.2
16.8
67.

1.93

7.7
30-8
69.

107.

123.

167.
240.
326.
427.
66595o.

193.

7o lbs.

. 295
1.19
4.76
19.0
7 6.

.133
.54
2.16

8.6
34.5
77.
138.
21 6.

310.
422.
550.
86o.

277.
378.
494.
770.

&lbs,

5.32
21.2

161.

179.

252.
362.
493.
6 451000.

280.
40055o.
7 1 5-

so lbs.

364

.33
1 .33

.173
.1.632
.71
2.52
2.80
11.2
to.
44.7
40.
100.
90.

1 .47

5.87
23.50

'

'Go lbs.

sx5 lbs.

-40
1.61
6.45

1 .97

2 5. 8
103.

85.

94.

130.

151.

171.

191.

21T.

231.

232.

268.
420•
604.
622.

304.
476.
685.
930.

340.
53 2 .
765.
1004.

376.

41 2.
6 45.
92 5-

364-

{82.
cy
6.

L
.208

2571.040
,110 1,205

3

692

813
890

728

0

co

688

ENEni na.5§§§§n

130 Ill
228 247
838 851
442 478
542 187

.0597

522.
71o.

.

we

931

58 7 .

8 43•

486
7.85
3 1 .4
125.
282.
502.

78 5-

.19
. .77
3.07
12.27

49.09
110.45
196.35
306.80
44 1 .79
601.32
78 5.40

•
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TABLE 18.

TABLE 20,
Air Required for the Operation of Piston Air Drills.

31

Non-Reversible

2201 4

41

3 52 22f 4

4f

230 51

4

itg

3

1 — f 1 — 220 20

3

Po 11 — 1 1 — 290 25

1

4

A•

290 35

1

3 — 2123 4 170 45

1

31 — — — 23 - - — 350 20

3

12M201 4

41

3

11 4 1 1 23 275 25

1

13 52 22

41

4

23 —

235 35

1

2 — ir — / 3 — 350 20

/

RIVETERS
li

1-118. x 5
x6
x6
11 x 8
131r x 9

Reversible

•

gi

II

2

17
19
22
26
28
24

1 1-16 x 4

gl

Dimensions and Air Consumption of Valveless Stone-working Tools.

1-3

1

—

14, —42

51

61

11

1

1

5 4
-

71

81

15u

ILli

lit

il

i

1

11

Total length of stroke

i$

i

I

I

Length of stroke to working point, inches

14i

1

4

l'e

Air consumption, cubic feet per min.

5.5

6.5 il..$
'

8.5

Length over all, inches
Outside diameter, inches
Diameter of piston, inches..

..

—

'

MO
1:1

1 27 191 3

31

•

/P,

2i -

-

PUMPING BY COMPRESSED AIR.

TABLE 19.

Weight, pounds and ounces

spu nod

16
17

ed1j-RD

15

x3
x4

T- ;.7.'
z. i-

4,-,,

I csi _l
_ .1

x2

a 't

sry

13

-

-7.

..

I

x 13

Style

ws ► S

1

Free Air
per Minute.

spuuud
osiH ' LOW acid

1 7 191 8

Cu. ft. of

CHIPPING HAMMERS
Size Cylinder X Stroke

08ri' W' 11

salaut .qilkori

Reversible

1

Mom. from aide to
center of im indlo,
!items

Air Consumption of Pneumatic Tools.

Compressed air, for a number of years, has been used for
pumping water, usually in direct-acting pumps in mines. It is
not economical, however, to use compressed air in pumps of this
class, and one of the three systems described later can be used to
much greater advantage.
To find the amount of air and pressure required to pump a
given quantity of water a given height in a direct-acting pump,
find the ratio of diameters between the water and air cylinders and
multiply the number of gallons of water per minute to be lifted
by the figure given in the table below for the required lift. The
result will be the number of cubic feet of free air per minute
required.
For example: Suppose the ratio between cylinders to be 2
to 1. Required to pump 100 gallons per minute to a height of 250
feet. Find under 250 feet at ratio 2 to 1, the figures 2.06. Multiplying 2.06 by 100 gives 206 cubic feet of free air per minute

111-2
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TABLE 21.

as being required to handle the water. By inspecting the leftband section of the table in column headed " 2 to 1 " it will be
seen that the gage pressure required is 33 pounds per square inch.
In using this table, however, an allowance of from 30 to 50 per
cent should be made for friction in the machine, in order that
accurate results may be obtained.
The most economical system of displacement pumping is the
Return-Air System, invented by Prof. Elmo G. Harris, which has
the great advantage of using the compressed air expansively. The
illustration (Fig. 6) shows diagrammatically how this result is
attained. Suppose the compressor to be in operation with switch
set, as in the figure; the air will be drawn out of the right-hand tank
and forced into the left-hand tank ; and, in so doing, will draw
water into the former and force it out of the latter. The charge
of air in the system is so adjusted that when one tank is emptied

Gage Pressure in
Pounds Per Square Inch

Cubic Feet of Free Air per 31inute
to Lift One Gallon of Water

Ratio of Cylinder Diameters

Ratio of Cylinder Diameters

fZ

Z;

II

101 E

01

i 0 it

01

01

.22

6
11
16
21
26
31
36
42
47
52
65
7:
90

7
1(1
13
40
17
'50
20
60
23
70
2b
so
30
90
34
100
42
125
50
150
58
175
200 105 67
83
250
100
300
350
400
45

_

7
9
12
14
16
18
21
23
29
35
40
46
58
G8
80
92
105

7
9
10
IL
14
15
17
21
25
30
34
42
50
5:
67
75
85

100

500

7
8
9

11
12
13
16
20
23
26
3
39
45
52.
58
65
78

600

92

700

105

800
900
1000

IN E

01z

Ng

iN fi

INf t

oi

°1

Head of water in feet

Volume of Air and Pressure Required to Drive Direct-Acting
Steam Pumps.

10
20
30

10
13
15
17
21

25
29

33
37
42
50
60

67
75

I

.1(w;
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85

9
10
12
15
17
20
2
2.
29
35
42
47

52
58

.28 .37
.33 .42
.38 .47
.44 .53
.49 .58
.541i--.63
.61 .68
.66 .75
.72 .82
.86 .95
1.00 1.08
1.12 1.23
1.28 1.37
1.64
1.92

.53
.58
.65
.70
,..
.45
.79
.87
.91
1.06
1.20
1.32
1.47
1.75
2.00
2.28
2.57
2.88

.72
..79
.82
.8
.95
.9
1.05
1.18

.9
.99
1.03
1.11
1.15
1.20
1.3
1.31 1.50
1.47 1.63
1.60 1.75
1.86 2.06
2.12 2.31
2.39 2.57

2.68 2.87
2.94 3.13
3.27 3.42
3.76 4.00
4.58
5.15

TABLE 22.
Lifting Capacities of DIRECT-ACTING Air HOISTS, with Volume
Free Air per lift and Cost per Single Lift and per Hundred Lifts,
with a Maximum Lift of 4 Ft. and a Maximum Air Pleasure of
90 Lbs. Air Furnished at 5 ets. per 1,000 Ft.

1.67
1.88 2.31
2.00 2.40
2.14 2.60
2.41 2.89
2.68 3.08
2.95 3 37
3.22 3.66
3.48 3.95
3.82 4.24
4.35 4.80
5.0 5.50
5.50 5.96
6.00 6.45
6.70 7.00

Diameter
Cylinder

Effective Ares
Piston
Square Inches

Maximum
Weight Lifted
Pounds

Cu. Ft Free
Air per 4 Ft.
Lift

Gut of Air
Per Lift

Cost of Air
Per 100 Lifts

2"

3.05

274

0.74

$0.000037

$0.0037

3"

6.87

618

1.67

0,000084

0.0084

4"
544

12.22

1,099

2.97

0.000149

0.0149

19.09

1,718

4.64

0.000232

0.0232

27.49

2,367

6.68

0.000334

0.0334

7"

37.42

2,474

9.09

0.000455

0.0455

8"

48.87

4,398

11.88

0.000594

0.0594

9"

61.85

5,566

15.03

0.000752

0.0752

10"

76.36

6,872

18.56

0.000928

0.0928

92,39

8,315

22.46

0.001123

0.1123

109.96

9,898

26.73

000.337

0'1337

6 44

11"

12"

•

COMPRESSED AIR

COMPRESSED AIR

the other is just filled. At that moment the switch will reverse
the pipe conditions so that action in the tanks will be reversed.
Another system of pumping water by displacement is by
means of the Halsey pump. This pump is very simple in construction and possesses the advantage of being entirely automatic
in its operation. As may be seen from the diagram (Fig. 7), it
consists of a cylindrical steel tank 5 feet 6 inches in height and
2 feet 9 inches in diameter, which is submerged in the liquid to

supplementary valve, which turns the air into one or the other
end of the main valve chest precisely like a common steam pump.
It is plain that the machine is entirely automatic, extremely
simple, and adapted to a very wide range of uses.
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Fig. 6
be pumped. From the air valve contained in the top casting a

rod descends into the tank. The water flows into the tank when
the air exhaust is open, a float riding on top of the water. When
the tank is full, the float engages with a collar on the rod, lifting
the same, thus opening the air valve and closing the exhaust. The
air is admitted directly to the surface of the water and forces it
out. As the water level descends, the float follows. Its weight
pulls down the rod and reverses the valve, thereby discharging the
air, when the operation is repeated. The rod described operates a

Fig. 7

THE LATTA•MARTIN PNEUMATIC DISPLACEMENT PUMP.
Still another system of displacement pumping is one perfected by the Latta & Martin Pump Company, and which embodies
a number of improvements over the Halsey System. In general,
the advantages possessed by the Latta-Martin pump are the same
as those of the Halsey pump as regards application and operation.
But the Latta-Martin pump has the distinction of possessing no
floats or other attachments which might get out of order ; further-

COMPRESSED AIR.

COMPRESSED AIR.

more, the water does not come in contact with the operating
mechanism. This pump consists of two plain cylinders with a
valve mechanism attached to their heads. This valve mechanism
comprises a main valve and an auxiliary valve, each operated by
air pistons, and an oscillating slide valve situated underneath the
main valve, and operated in the following manner: In each
cylinder there is situated a copper bucket which fills with water
as soon as the pump is put in operation and remains full there-

and operates the auxiliary valve which throws live air into the
piston valve above, which in turn operates to admit compressed
air into the tank filled with water and exhausts the air from the
other tank. This operation being repeated alternately produces
a continuous flow of water.
Installations of this system of pumping have been very successful, and it is used for the water works system of the city of
Hickory, N. C., where water is pumped from the South Fork
River at a distance of three miles from the compressed air power
plant located within the city limits.
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1.067

AIR LIFT SYSTEM.

This system is adapted only to the pumping of artesian wells,
where considerable submergence of pipe may be obtained, and is
not adapted to shallow wells. It is said to have been invented in
the eighteenth century and to have been in use at Freiberg, Saxony. In this country the name of Dr. J. G. Pohla is most intimately associated with the advancement of the system. The original Pohl4 system has been modified and improved, however, so
that to-day the system is in general use in breweries, manufacturing plants, power houses, and is being used extensively in connection with city and town water supply.
The advantages of the airlift system are numerous and important. The chief ones may be enumerated as follows :-

1•Pw...1

Fig. 8
after. These buckets are suspended from horizontal levers attached to the oscillating valve mentioned above. It will be seen
that when one tank is filled with water (the other having had
the water expelled by the action of compressed air) the bucket
in that tank will be submerged in water, and will, therefore, be
very much lighter than the bucket in the other tank which is
suspended in air. The latter bucket, therefore, becomes a dead
weight and pulls down on the rod and lever to which it is attached,

1. Involves the use of no submerged working parts to get out of order.
2. Will handle mud and gritty matter without injury to the apparatus.
3, Uses no pistons, plungers, suction or discharge valves to get out of
order.
4. Absence of all obstructing mechanisms in well allows each well to be
pumped to its full capacity.
5. The production, therefore, does not depend upon the pump, but
rather upon the capacity of the well, Results reaching from two to five
times the quantity possible with any system of mechanical pumping.
6. The action of the compressed air tends to clean the well and increase
its capacity.
7. Provides cool water. This is most important where water is used for
condensing purposes,
S. System is most flexible in its operation, and may be applied to any
number of wells, no

matter bow scattered.
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Method of Operation. In the air-lift system a pipe, known
as the " discharge " or " eduction " pipe, is submerged in the
water. This pipe does not touch the bottom of the well, but is
elevated above it so as to freely admit water through its lower end,
which is open. Alongside of this pipe, either on the outside or
within, is a small pipe properly proportioned and intended to convey compressed air to a point near the bottom of the eduction pipe.
It is usual to provide what is called a " foot-piece," which forms
the nozzle connecting the air pipe with the water pipe, but in what
is known as the " central-pipe system " this foot-piece is not
needed, the air pipe being placed within the eduction pipe to a
point near the bottom where it discharges the compressed air into
the water column
It is evident that as soon as the air is admitted to the eduction
pipe it displaces a considerable percentage of the water being distributed through it in the form of bubbles. These bubbles of
compressed air, therefore, have the effect of making the
column of water in the eduction pipe lighter than the column of
water outside, causing a constant flow and discharge of water and
air at the surface. This is what takes place when lifts are moderate; when lifts are in excess of 25 feet, however, the increased
weight of the water column produces a different effect. The compressed air bubbles cohere as they ascend, forming piston-like
layers which expand as they near the surface and the pressure upon
them decreases, causing the discharge to be alternately a mass of
water and then a portion of air.
In order that an air-lift system may be operated to best
advantage, the eduction pipe should be submerged not less than
50 per cent of its total length nor more than 60 per cent. The
following table (Table 23) gives the approximate efficiencies which
may be expected for various percentages of submergence:

It is evident that the greater the submergence the greater
will be the air pressure required, it being necessary to use a pressure a little greater than is required to support a column of water
of the given height. It is also evident that the starting pressure
will be slightly greater than the working pressure, as all the water
in the air and eduction pipes must be displaced before the system
settles down to working conditions. As a general rule, pound
per foot of submergence may be allowed for the starting pressure
and the working pressure is obtained by multiplying the number
of feet submergence by 0433.
Size of Pipes. The area of the eduction pipe should permit
of discharging 15 gallons per minute to each square inch of area
of the pipe. The accompanying table gives sizes of eduction and
air pipes and the number of gallons of water per minute to which
they are adapted.
TABLE 24.

TABLE 23.
Submerged Per Cent of Length of Water
Pipe.

60
50
40
33
30

Efficiency Per cent.

50
40
30
25
22

Size of Well in Inches. Wat.erPipein Inches Air Pipe in

4

4i
5
6
7
8
9

10

2
3
3i
4
5
6

1
1

14
2

2
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Gale. Water per Minute.

25
50
75

100
150
200
300
450

An approximate rule for estimating the amount of compressed air required to lift different quantities of water is known
as the " Pohle formula," and is as follows :—
Cub. ft. free air per minute=--

Gals.water required per minute x lift in
125

Individual conditions vary so in character, however, that it
is always better to seek the advice of an expert before deciding
upon the size of pipe to be used or the air compressor to be installed.
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TABLE 25.

Air Prerure for SpecialLift Submerg.
BO Per Cent Pounds.

Cub. FLFree Air per
Gallon per Minute.

38
75
113
150
188
225
263
300

50
100
150
200
250
300
350
400

17
33
49
65
82
98
115
130
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109
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152
173
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25
50
75
100
125
150
195
200

Volume of A ir to 1
Cubic Foot of Water.

Lift, Submergence and Air Required for Air-lift Pumping.

p4
W

0.0184
0.0426
0.0828
0.1320
0.1910
0.2544
0.3150
0.3808

CONCLUSION.
For the benefit of those who contemplate installing cam.
pressed air machinery the following remarks are given and we
believe will be found of value :1. Remember that all air compressors are rated higher than
their actual capacity, therefore always purchase one of larger
capacity than your requirements demand.
2. Remember also that as soon as compressed air is introduced in your plant a thousand and one usages for it will occur
to you which you never thought of before. It is better, then, to
purchase a compressor at least 50 per cent larger than you think
you require, to allow for this future " expansion."
3. It pays to buy a high-grade compressor. Such a machine
will pay in the end many times the difference in cost
4. Be sure that your intake air is secured from a cool, clean
place.
5. Use only the best lubricating oil of high flash point and

light body.
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6. Never use kerosene to clean outlet valves; use soap and
water. 7.
It pays to install a two-stage compressor if air is used
at 85 pounds or over and in quantities of 150 cubic feet per minute or over.
S. Volumetric efficiency in air compression is the ratio of
the free air delivered in a compressed state to the piston displacement. It may be taken at from 80 to 90 per cent, depending upon
the class of compressor. Some compressors have shown a volumetric efficienc— s.s high as 94 per cent.
9. Roughly sneaking, the volumetric efficiency of an air
compressor is lowered 3 per cent for every 1000 feet of altitude
above sea level.
10. An increase in economy of 10 per cent may be expected
from the use of a two-stage air compressor for ordinary pressures.
11. A gain of 1 per cent in volumetric efficiency is to be
expeCted for every 5° F. decrease in temperature of intake air.
12. A compressed air transmission line should be laid in such
a way as to avoid pockets. In case it is impossible to lay the line
without pockets, these should be drained with suitable traps or
blow-off connections. Sharp bends should be avoided and the pipes
should be of ample capacity.
13. It is important that the air receiver be of sufficient size.
A correctly proportioned receiver obviates fluctuations of pressure
due to pulsations of compressor, and acts as a drain on the air
line.
1,4. The air connection to the pressure regulator should always
be run from the receiver, as it is necessary to have a pressure free
from pulsations. Furthermore, if connection was made to air
discharge pipe, the pressure might be below normal due to rapidity
of flow in that line.
15. Dry air may be obtained by the use of an aftercooler.
16. In cross-compound air compressors the ratio of low to
high pressure cylinder areas=

\I absolute pressure of compression
atmospheric pressure

17. The most effective factor operating to reduce the efCr
ciency of a compressed air installation is leakage.
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18. Percentage of clearance in air compressors runs from
11 to 3. Some manufacturers have a fixed rule that the clearance
between piston and cylinder head shall be Ile inch.
19. A safety valve should be provided on intercooler or passage leading from low-pressure cylinder to high-pressure air cylinder.
20. In starting up a new compressor, one discharge valve
should be left out at each end of the air cylinder. Steam should be
allowed to blow through steam cylinder with drips wide open until
cylinders are thoroughly warmed up. The drips should then be
closed and machine run without raising any probsure in the air
cylinders. The discharge valves may then be replaced and machine
operated at full load.
21. An interesting point in air compressor operation is the
fact that, although the steam and air cylinders may be of the same
diameter, it is possible to compress air to a higher pressure than
the steam pressure in the steam cylinder. This is because the
M. E. P. in the steam cylinder may be made greater than the
M. E. P. in the air cylinder, by causing the cut-off to occur late in
the stroke. This extra energy is stored in the fly-wheel, which
in turn carries the machine over the point where the pressure in.
the air cylinder is higher than the steam pressure.

Compressed Air Locomotives.

12,51:o-POUND COMPRESSED AIR LOCOMOTIVE USED AT THE
HOSMER MINES, HOSMER, B C.

a

Although the compressed air locomotive is now used for many
purposes, it took nearly 25 years from the time that the first air
locomotive was built before its advantages for special purposes
were appreciated.
The first compressed air locomotives were built for the Plymouth Cortege Co. at North Plymouth, Mass., about 1873, and
that company is still using some of the original locomotives. The
next lot of compressed air locomotives were built in 1891, for
W. H. Brown & Sons, Old Eagle Mines, for service at the coal
mines at Elkhorn Station, Allegheny Co., Pa. The tanks in this
machine were charged with air at a pressure of 400 pounds per
square inch and contained 174 cubic feet. They had cylinders
8 inches in diameter by 14 inches stroke, and weighed about
16,700 pounds. They were capable of hauling a train from 1,000
to 2,000 feet on one charge of air.
The first compressed air locomotives to be operated in the
anthracite region in Pennsylvania were built in 1895, and from
then on a large number of compressed air locomotives have been
used throughout this country for mine service.

Advantages of the Air Locomotive. The air locomotive has

28,000-POUND COMPRESSED AIR LOCOMOTIVE USED BY THE
BRIER HILL COKE CO.
(H. K. Porter Co )

several distinct advantages over the steam or electric locomotive.
With no boiler requiring renewal of tubes and staybolts, the cost
of maintenance is less than that of the steam locomotive. While
the cost of installation of compressed air haulage is approximately the same as that of electricity, the cost of operation is less.
The compressed air locomotive is the best type of service where
absolute safety from fire or explosion of gas is required. Simplicity, absence of fire or necessity for wires or other conductors
in connection with the operation of the locomotives render them
1073
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extremely desirable for a wide range of service in mines and industrial establishments.
Essential Features. Among the essential features which are
required of a compressed air haulage plant are the following; One
or more compressed air locomotives to suit the conditions; one or
more air compressors of sufficient capacity ; one or more charging
stations depending on the length of the line; and a storage system to admit of placing charging stations at convenient points.
The locomotives must be suited to the conditions, and heavy
enough to secure sufficient adhesion. The adhesion is usually
about one-fifth the weight on driving wheels, and ordinarily the
tractive force developed by the cylinders should be equal to the
adhesion, and both the adhesion and tractive force, due to the
cylinders, must be fully up to the requirements imposed by the
weight of train, grades, rolling friction and curves. Ordinarily,
the gauge of track may be made to suit the convenience of the
user.
Adaptability of Compressed Air Locomotives. The compressed
air locomotive is especially adapted to certain classes of service
requiring absolute security against fire or explosion of gas. With
the use of compressed air as a motive power, there is absolutely
no danger from fire. This feature gives the air motor a distinct
advantage over steam and electric locomotives for underground
haulage in dangerous coal mines, or in powder mills, cotton
mills, lumber yards and other industrial plants engaged in the
manufacture of explosive or inflammable materials. The air
motor is also the most satisfactory type of locomotive for plantation service, where the dryness of the fields at certain seasons of
the year requires some form of haulage positively safe from fire.
But the field of the air motor is not limited to that class of service where freedom from danger of fire or explosion of gas is essential. Its simplicity, economy, and efficiency have led to the
increasing use of the air motor in all kinds of mine and industrial
service.
The machinery of the air locomotive is similar to that of the
steam locomotive; but, instead of a boiler in which the power is
generated, the air motor is equipped with one or more main storage tanks which are charged with air at a high pressure. The
eapaeity of the tanks and the pressure of the air required are

governed by the conditions of the service for which the locomotive
is intended. Where height and width are very limited, it is necessary to use tanks of small capacity and air at high pressure. From
the main tanks, air is delivered through a regulating valve to an
auxiliary low pressure reservoir, in which the air is carried at a
uniform working pressure, and from which it is admitted to the
cylinders by means of a suitable throttle. The locomotive storage
tanks receive the air at the charging stations through a filling
pipe fitted with suitable couplings and flexible joints. If the locomotive is equipped with one or more storage tanks, the filling
pipe connects with each tank and check valves are provided, permitting any one of the tanks to be shut off if necessary.
Method of Charging Compressed Air Locomotives. Two methods may be used in charging the locomotive; it may be charged
direct from the compressor or from a reservoir. Direct charging
requires a larger compressor than if the reservoir system is used.
Except where the intervals between trips are long, the latter
method is the more,economical. With the reservoir system, the
reservoir is recharged with air at the required pressure while
the locomotive is making its trip, and the compressor is thus kept
running continuously at a fairly uniform speed. The reservoir
may consist of a storage tank or a pipe line. In the majority of
eases, the pipe line is used; because, with this system, the air
may be carried to any part of the plant where it may be desired to
operate the motor, and charging stations may be installed at the
most convenient points. The choice between the pipe line and the
tank storage system depends entirely upon the character of the
service and local conditions. The compressor may be installed
in connection with an existing steam plant, if there is one, under
the care of the same engineer, thus involving no increase in the
cost of the attendance of the plant.
Gauge of Air Locomotives. Thirty-six inch gauge is usually
wide enough for the heaviest compressed air locomotive built.
Gauges from 18 inches to 24 inches are used when the gangway
in a mine is very narrow, or when unavoidable obstructions near
the track render the use of a very narrow locomotive essential.
In such cases the locomotives used are generally small, and the
narrow gauge presents no serious difficulties. Locomotives of 6
tons weight are built for 18 inches gauge, and a 14-ton locomo-
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tive can be built to suit 24 inches gauge without departing to any
great extent from standard designs.
Pressures Used. The present practice in regard to the pressure used in charging compressed air locomotives is 1,000 pounds
per square inch in the pipe line, and 800 to 900 in the tanks on
the locomotive. All the new plants being built to-day are using
approximately these pressures. In order to use compressed air
locomotives, it is, of course, necessary that a compressed air
haulage plant be used for the purposes of charging the compressed air locomotive.
Design of Compressed Air Locomotives. After determining
the gauge, weight, size of cylinders, width and height of the compressed air locomotives required, the next essential feature to
be settled is the capacity of storage reservoirs on the locomotive,
the required capacity depending upon the amount of work to be
performed with one charge of air. This amount of work depends upon the weight of train, the grades, the distance, and the
design and condition of track and rolling stock. This last determines the co-efficient of rolling friction. On standard railroads
the co-efficient of rolling friction is frequently as low as 61
pounds per ton of 2,000 pounds. In industrial or mining operations a co-efficient of 30 pounds per ton is by no means uncommon
where favorable conditions exist, and poor design and neglect assist in making the cars run hard. The co-efficient of rolling
friction as here used is the force measured in pounds that must
be exerted in order to move one ton of 2,000 pounds at a uniform
velocity of six miles per hour on straight and level track. If
then the system of tracks operated over by a locomotive are nearly
level, and if the cars and track are in such condition as to make
a co-efficient of 30 pounds apply, about four and one-half times
as much power will be required to do any given amount of work
as would be required to do the same amount of work with a coefficient of rolling friction of 61- pounds per ton. With heavy
grades the influence of the co-efficient of rolling friction is not so
great, but it is always an important factor in determining the
amount of work which must be performed.
Main Storage Tanks. The main storage tanks on the locomotives should be made of the best quality flange steel plates,
of a tensile strength of 60,000 to 65,000 pounds per square inch.

The longitudinal seams should be sextuple or octuple riveted,
with butt joints and welt strips inside and outside; the circumferential seams should be double riveted. All rivet holes should
be reamed after the tanks are fitted up. The rivets should
be of soft steel, and should be driven by a power riveter capable
of exerting a pressure of 300,000 pounds. All caulking should
be done with a round-nosed tool and pneumatic hammers on edges
planed to a true bevel. The heads of the tanks should be spherical in shape, formed by hydraulic pressure from steel plates 35
to 50 per cent thicker than, and of the same quality as, the cylindrical sheets. After the heads leave the flanging press they
should be turned in order to insure a perfect fit. The front head
is generally fitted with a man-hole. The man-hole cover should
be of cast steel, and the plate around the hole should be heavily
reinforced by a steel casting. The man-bole is an essential feature of good construction, as it allows of riveting in the last head,
and provides for inspection and a proper method of securing
tanks to saddle. If there is no man-hole, the last head must be
put in with patch bolts, or else must be flanged concave. The
tanks, after they are completed, should be subjected to a test pressure of about 30 per cent greater than the working pressure, and
should be made absolutely tight at this test pressure.
The exceptions to the above method of storage tank construction are: for very high pressure, seamless steel tubing
tested to double the working pressure is sometimes used; and for
tanks of small diameter, for ordinary pressures, welded wrought
iron cylinders, tested to a pressure of 50 per cent in excess of the
working pressure, are uesd.
The Automatic Reducing and Stop Valve. The duty of these
parts of the compressed air locomotive is to maintain automatically a specified uniform pressure at the throttle valve (usually 140 to 150 pounds per square inch), the pressure in the
main storage tanks meantime fluctuating between the limits of
800 or 900 pounds just after charging, and 140 or 150 pounds
just before charging. The valves should be absolutely tight
when the locomotive is at rest, or drifting down grade, and
also be capable of maintaining the specified pressure at
the throttle valve when the locomotive is working at its maximum power, and when the pressure in the main storage tank is
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reduced to approximately the same pressure that is required at
the throttle valve.
Porter Reducing and Stop Valve. The valve used on compressed air locomotives built by the H. S. Porter Company consists of one automatic reducing valve and one automatic stop
valve. The reducing valve consists of a double-seated balanced
valve and an actuating piston. The air pressure in the auxiliary
reservoir acts on one side of this piston, tending to close the valve.
This action is opposed by a spring properly adjusted to hold the
valve off its seat until the maximum allowable pressure is reached
in the auxiliary reservoir, when the pressure of the air overcomes
the resistance of the spring, and the valve closes. The pressure
in the auxiliary reservoir is adjustable, as the pressure varies
with the tension of the spring, which can be altered by turning
two nuts. This valve alone would be sufficient, if the locomotive
was always using air. The necessity for a supplementary valve
is only apparent when the locomotive is not using air. To meet
this condition, a second valve is placed between the above described valve and the main storage tanks on the locomotive. This
valve is single-seated and closes with the pressure. The motion
of this valve is controlled by the throttle lever and the high pressure air. When the throttle valve is open the valve is entirely
open, and when the throttle valve is closed this valve is closed
with sufficient pressure to insure tightness. Thus, by the use of
two valves, close regulation at all times and tightness when no
air is being used are attained.
The Auxiliary Reservoir. The auxiliary reservoir simply
serves to equalize the fluctuating demands of the cylinders. It
is usually a piece of pipe from 4 to 9 inches in diameter, and
from 6 to 15 feet long.
The Throttle Valve. The throttle valve is generally of special design. Difficulty in the use of the ordinary double-seated locomotive type of throttle valve is sometimes encountered, so that a
single-seated balanced valve of special design is often used. It
is a compound valve in which a small valve first opens to equalize
the pressure on the two sides of the larger valve, which is then
readily opened.
The Cylinders. The cylinders of compressed air locomotives
are ribbed for the absorption of heat from the atmosphere, instead

of being lagged to retain the heat, as in steam locomotive practice.
Valves, Links, Frames and Running Gear. The valves, links,
frames and running gear are in all respects the same as in steam
locomotive practice.
Sand Boxes. Sand is always needed (more especially in
mines) to prevent slipping of the driving wheels. Dry sand
must be used, and all compressed air locomotives are equipped
with sanding apparatus operated by compressed air.
Oiling Devices. The crank pins are generally supplied with
compression grease cups, the cylinders and slide valves with automatic lubricators. The driving boxes are provided with cellars
racked with woolen waste, the eccentrics and guides with oil cups.
These are the most important bearings and wearing faces. All
other bearings have oil holes.
The other details of compressed air locomotives are in all
respects similar to the steam locomotive, except that the exhaust
is taken as directly as possible to the atmosphere, as it is not
needed to create a draught.
Reheating. Reheaters are used on compressed air locomotives, and the increased efficiency attained makes the subject a
most attractive one, more especially for surface work; but it is
doubtful if the increased efficiency justifies the additional complication, except in special cases where the locomotives are making an unusually large mileage and the cost of fuel is extremely
high. Compressed air locomotives are equipped with reheaters
whenever the circumstances justify it.
Charging Stations. The charging stations consist of a flangetee, or elbow, a stop valve, and flexible metallic coupling and
bleeder valve. The valves used for this purpose should have the
valve seat of case-hardened mild steel and a hard bronze valve.
The valve and seat should both be easily renewable. The flexible
metallic coupling generally consists of three ball joints and three
pieces of extra heavy 14-inch wrought iron pipe, and a screw
coupling. The thread is coarse, so that only a few turns are
required to couple the locomotive to the charging station. Without this flexible coupling it would be necessary to stop the locomotive exactly at the same point every time a charge of air was
taken. With it a range of several inches each way is permissible.
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This feature saves much time in charging. A bleeder valve is
used for exhausting the air between the charging station stop
valve and the check valve on the locomotive, after the operation
of charging is completed.
Pipe Lines. When pipe is used for stationary storage two
forms of pipe couplings are used; one the usual sleeve coupling,
and the other a flange coupling. With the sleeve coupling, if a
leak should occur, a strip of soft metal hammered into the recess
will put a stop to the difficulty. The flange coupling is intended
for use at intervals of 200 to 400 feet, in order that any joint in
the pipe line may be easily accessible, in case a length of pipe
should for any cause require renewal, or in case a change of
location should become necessary. The flange couplings are also
to be used when the location requires the introduction of bent
lengths of pipe into the pipe line, it being generally impossible to
use sleeve couplings with bent pipe on account of the great radius
through which the bent end swings.
In installing pipe lines, care must be exercised to relieve
the line of all initial strains. If a bend is required, heat the pipe
to a red heat and bend it to the required shape. Do not attempt
to spring it into position after screwing it into the preceding
length.
The Compressor. For charging air locomotives the pipe line
pressure to be maintained by the compressor is seldom less than
700 or more than 1,200 pounds per square inch. For these pressures the three or four-stage compressor is required. The threestage straight-line machine is the most economical construction,
and the four-stage duplex the most expensive. Massive construction, properly proportioned water-jacketed cylinders, good casting, intercoolers of ample capacity and valves and pistons of
proper design, and the best of material and workmanship throughout, are the essential features of the successful high-pressure compressor. The compressors are furnished with speed and pressure governors, and gauges to show the pressure after each stage
of compression.
The design of the compressor may be modified to meet special conditions. The operating power may be water power or
electricity, if preferred to steam. If driven by steam the engine
may be the simple slide valve, or the highest type of compound

condensing engine, or any type of engine between the two whicli
may be called for by the cost of fuel and the character of the
installation. An auxiliary two-stage locomotive compressor with
intake of air at 80 to 100 pounds pressure may be used where
there is a surplus of low pressure air, but this plan is not recommended, because in practical working it is impossible to avoid objectionable fluctuations in the supply of low pressure air.
How the Plant is Designed. The work to be performed may
be calculated as follows:
Let 0=-Co-efficient of rolling friction in pounds per ton.
G=Grade resistance in pounds per ton.
R=Resistance due to curves in pounds per ton.
W=Weight of train and locomotive in tons.
D=Distance in feet.
Then the work to be performed, expressed in foot pounds,
will be equal to DW (C+R±G), or DW (C+R—G). G is
plus when the train is going up grade, and minus when the train
is going down grade. When G is minus, and greater than CR,
the train will roll down grade without using power. The grade
resistance is equal to 20 pounds per ton for each one per cent of
grade. The ton used in these calculations is a net ton of 2000
pounds. If down grades do not require the brake in order to
control the speed within safe limits, the grade resistance G may
be averaged without causing an error. After determining the
total amount of work to be performed between charges, provision
must be made for storing sufficient compressed air on the locomotive to do the required amount of work. It may be found that the
tanks required to contain the air are too heavy or too bulky, in
which case arrangements for charging more frequently must be
made.
The calculations indicated above must be gone through with
for each installation, and if there are several trips in different
directions, with differing grades, curves, and loads to be hauled,
calculations must be made for each run, and the locomotive tanks
proportioned and charging stations located to secure the best results at minimum cost.
Storage Requirements. There are two requirements of the
stationary storage—first, it must be capable of containing a sup-
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ply of compressed air immediately available for charging tlye
tanks on the locomotive to the full specified pressure. To secure
this result the conditions represented by the following equation
must be fulfilled:
Let V=voIurne of the stationary storage in cubic feet.
v=volume of tanks on the locomotive in cubic feet.
P=pressure in stationary storage in pounds per square
inch.
p=desired pressure in tanks on locomotive in pounds
per square inch.
p'=residual pressure in pounds per square inch in
the tanks on the locomotive just before charging.
Then V (P—p)
(1)- 1)') •
To illustrate the use of the above equation, suppose the
tanks on a locomotive contain 100 cubic feet, and that. it is desired
to charge them to 800 pounds, the residual pressure before charging being 100 pounds, and the pressure in the stationary storage
is not to exceed 950 pounds. What must the volume of the stationary storage be in order to instantly charge the tanks on the
locomotives to 800 pounds ?
Then V is unknown.
P=950 pounds.
p=800 pounds.
p'=100 pounds.
v=100 cubic feet.

tives and the work. The compressor must be located as near the
boilers as possible in order to get dry steam. Other things being
equal, the shortest and most direct connection which can be made
between the compressor and charging stations will be the best.,
but attention must be paid to convenience in laying, and accessibility for inspecting and repairing the pipe. The pipe should be
kept in plain sight as far as possible; its condition will then be
known, and leaks, if they occur, may be found and remedied.
The pipe line should be made as straight as possible; though a
few bends are a good thing as they serve to take up expansion. If
the line is of considerable length, the pipe should be of sufficient
size to give the required volume. This plan cannot be improved
on, and in the majority of cases is the one that has been used.
There are exceptions to this nile, as follows; If the required
volume necessitates the use of pipe larger than can be economically handled and laid; if the surrounding conditions are such as
to make the preservation of the pipe in good condition difficult
and expensive; in either case a smaller pipe should be used to
convey the air, and one or more storage tanks used to make up the
required volume. In the use of compressed air at lower pressure
for pumps, oval cutters, rock drills, etc., lines of pipe convey the
compressed air from the compressor to the drills, cutters and
pumps. In this case it is primarily a passageway; the air is in
almost constant motion, and the size of the pipe depends upon the
quantity of air needed, the pressure required at the machines,
the pressure at the compressor, and the length of the line. The
pipe is then made sufficiently large to convey the required quantity of air at a velocity which the pre-determined difference in
pressure is capable of imparting to the air contained in the pipe.
The difference in the function of a pipe line for compressed air
locomotives is that the pipe line in this case is primarily a receiver. Air is pumped into it constantly, and drawn intermittently. When a locomotive charges, the air nearest the charging
station flows into the tanks on the locomotive, the air farther away
simply expanding to fill up the vacant space. The compressor
running constantly is, however, only crowding air into the end of
the line.
An example with figures and dimensions may serve to explain more clearly this meaning. Suppose the locomotive tanks

(13-170
Transposing the above equation V=v
(Pp) . Substituting
(800-100)
=466i cubic feet.
(950-800)
When two or more locomotives are to draw on the same stationary storage system, the capacity of the stationary storage
should be somewhat increased, so that if two or more locomotives
should be charging at about the same time each may receive approximately a full charge.
The second requirement is that it must consist of such
pipe, or combination of pipe and tanks, as will best serve to connect the compressor with the charging station, or charging stations. The charging stations must be located to suit the locomo-

the above values 17=-100
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to contain 100 cubic feet; the pressure just before charging, 100
pounds; the desired pressure after charging, 800 pounds; the
pressure in the stationary storage, 950 pounds. By the previous
calculation, the capacity of the stationary storage is to be 1661
cubic feet. Suppose the compressor to be located 5600 feet from
the charging station, then 4-inch pipe would give the required
capacity, as 12 lineal feet of 4-inch pipe contain one cubic foot.
The operation of charging consists of the air nearest the charging
station flowing from the stationary storage into the tanks on the
locomotive until the pressure in the tanks on the locomotive is
equal to the pressure in the stationary storage, when the flow will
stop. To increase the pressure in the tanks on the locomotive
(800-100) 100.
from 100 to 800 pounds will require
—1672 cubic
14 7
feet of free air. One cubic foot of air at pressure of 950 pounds
964.7
gauge is equivalent to 14.7 —65.6 cubic feet of free air. It will

time occupied in replacing the air drawn off in charging is anywhere from ten to sixty times as great, depending upon the number of locomotives and the character of the work. It is plain,
then, that if large pipe is to be used to reduce the friction, it
should be put in near the charging station rather than near the
compressor'.
The Compressor. The capacity of the compressor is determined by the frequency with which the locomotives must be
charged, and the quantity of air required for each charge. Having calculated by the method above indicated the amount of air
required per trip, the number of trips per charge (or of charges
per trip) will depend upon the capacity of the locomotive tanks.
To compute the required compressor capacity in cubic feet of free
air per minute:
Let C=the required capacity of the compressor expressed
in cubic feet of free air per minute.
C'=the cubic feet of free air required to charge the
locomotive.
I■T=the number of charges required to do the required
amount of work in any specified time.
T=time in minutes.
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4762
therefore require— =721 cubic feet of air at 950 pounds gauge
65.6
pressure, to furnish the amount of air required to charge the locomotive tanks. It will require 721X12=870 lineal feet of flinch pipe to contain this amount. The air contained in the 870
lineal feet of pipe nearest the charging station will, therefore,
be pushed into the tanks on the locomotive by the expansion of
the air contained in the remaining 4730 feet of pipe. The compressor is working during the time of charging, but the quantity
compressed during so brief a period does not materially affect the
above-described operation. When the charging station valve is
first opened, the difference in pressure is 850 pounds per square
inch, sufficient to give the air a very rapid motion. As the
operation of charging nears completion, the difference in pressure
decreases, but the quantity of air to be moved decreases as the
difference in pressure decreases, so that unless the pipe is made
small, no serious delay can occur. The entire operation of charging, including the time occupied in making the coupling and
breaking it, seldom occupies more than one and a half minutes;
and the charging station valve is never open more than 40 or 50
seconds for each charge. At the compressor end of the line, the

Then C—
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If the locomotives are to be charged at approximately equal
intervals of time throughout the day, one application of the above
equation will be sufficient. In any other case several applications
should be made to determine the maximum and minimum rates
of consumption, and a compressor selected capable of supplying
air in sufficient quantity for all conditions of service, and, at
high altitudes, the rarifled condition of the atmosphere must be
taken into consideration.
Care of Compressed Air Plants. With a plant properly designed and installed, only ordinary care and mechanical ability
are required to maintain it in serviceable condition. Use a low
cold test oil in the cylinders of the locomotive. A pure, natural
West Virginia well oil which shows about 29 gravity and a
cold test of five degrees below zero Fahrenheit is one that is
recommended. A small quantity of good air compressor oil is
used in the cylinders of the compressor. See that all hearings
•
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are properly lubricated with good engine oil, and that all parts of
both locomotive and compressor are kept reasonably clean, and
the compressed air haulage will not ordinarily give much trouble.
Largest Installation of Compressed Air Locomotives. The largest installation of compressed air locomotives is at the Anaconda
Copper Mining Company's Reduction Works at Anaconda, Montana. These reduction works operate twenty-four hours per day
and seven days per week. When running full, twelve compressed
air locomotives are used sixteen hours a day, and nine are used
the remaining eight hours. Twelve of these locomotives weigh
26,000 pounds, having cylinders 9i inches in diameter by 14
inches stroke; driving wheels, 28 inches in diameter; a rigid
wheelbase of 60 inches; main storage tanks of 218 cubic feet
capacity; tractive force 5700 pounds. The largest locomotive
weighs 42,000 pounds, has cylinders 12 inches in diameter by
18 inches stroke; driving wheels 36 inches in diameter ; a rigid
wheelbase of 60 inches; main storage tanks of 218 cubic feet
capacity, tractive force 9180 pounds.
The compressed air locomotives are operated over about 18
miles of standard gauge track laid with 60-pound rails, located
inside of an irregular area about half a mile square.
The main storage tanks are charged, at intervals of from
twenty minutes to one hour, with air at a pressure of from 700
to 800 pounds per square inch, which is then reduced to a pressure of about 150 pounds for use in the cylinders of the locomotives. When the pressure in the main storage tanks, as shown by
a gauge facing the engineer, has dropped to a point near 150
pounds per square inch, the locomotive is stopped at the next
charging station and recharged, this operation of recharging taking from one to two minutes.
The compressed air required by the locomotives is furnished
by two compressors, having cross-compound steam cylinders
equipped with Corliss valve-gear, and four-stage air cylinders.
The compressors are duplicates. The high-pressure steam cylinder is 20 inches, and the low-pressure steam cylinder 40 inches in
diameter; all air cylinders are single-acting; the intake air cylinder is 371 inches in diameter, first intermediate cylinder 201
inches, second intermediate cylinder 124 inches, high-pressure
cylinder 6 inches. a n d the common stroke is 48 inches. The

I
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intake and first intermediate cylinders are placed behind one
steam cylinder; the second intermediate and high-pressure cylinders behind the other. All the air cylinders are water-jacketed,
and intercoolers are provided for cooling the air after each stage
of compression.
The compressors are equipped with automatic speed and
pressure governors. They are operated with steam at 150 pounds
pressure and with a vacuum of 17 inches in the condenser, perfect vacuum at the elevation being 24 inches. The rated speed
is 70 revolutions per minute; the horse-power developed per revolution, 8.7; the steam consumption per horse-power-hour when
operating at speed of 55 revolutions per minute, 18.87 pounds.
The remainder of the haulage equipment consists of a system of piping varying in size from 2 to 6 inches.
Small Air Locomotives. Small compressed air locomotives
are used for various purposes, the smallest practical compressed
air locomotives ever built being used by the Loretta Iron Co.,
Loretta, Michigan. The weight of the machine is 5500 pounds;
gauge of track, 27 inches; rigid wheel base, 22 inches; extreme
width, 36 inches; height, 4 feet 9 inches; length, 7 feet; cylinders,
4 inches diameter by 7 inches stroke, inside connected by a crank
axle to the rear driving wheels.

1088

COMPRESSED AIR LOCOMOTIVES.

REVIEW QUESTIONS.
COMPRESSED AIR LOCOMOTIVES.
1. What are the advantages of a compressed air locomotive
over steam and electric locomotives?
2. What are the essential features required of a compressed
air haulage plant ?
3. When was the first compressed air locomotive built in
this country ?
4. For what purposes are compressed air locomotives best
adapted?
5. In what way does the machinery of an air locomotive
differ from that of a steam locomotive?
6. Give two principal methods of charging compressed air
locomotives.
7. What is the gauge generally used on air locomotives?
8. What pressures are used for charging compressed air
locomotives?
9. How should the main storage tanks which take the place
of a boiler in a steam locomotive be made ?
10. What is the duty of the automatic reducing and stopping valve?
11. Why are repeaters used on compressed air locomotives?
12. Of what value is the auxiliary reservoir?
13. Describe briefly a compressed air charging station and
explain what features are essential for proper operation.
14. What type of air compressor is generally used for
charging compressed air locomotives?
15. What are the two principal storage requirements of a
compressed air haulage plant?
16. How is the capacity of the compressor determined ?
17. What care should be given to compressed air plants ?

Electric Railroading.
The engineer of to-day, no matter in what kind of a plant he
may work or in what branch of engineering he may be interested,
0

0
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re I

must of necessity be acquainted with the laws of electricity and
the application of the electric current to commercial uses.
Ohm's Law. The fundamental principle of all electric circuits
depends upon three things : Electro-motive force, current and
resistance—and the first law of electrical science that must be
learned is Ohm's Law. This law states that the current strength
in the circuit is equal to the electro-motive force divided by the
resistance, or putting it in the form of a formula, it is written

0
X

Current strength-
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4
to

ti
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Let the current strength equal C, the electro-motive force, E, and
the resistance, R, and the formula becomes

F
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Electro-motive force
Resistance

C=

E
K

In practice the unit of a current is called an ampere, the unit of

electro-motive force is called a volt and the unit of resistance is
called an Ohm.
Electro-motive Force. The electro-motive force, or E.M.F. as
it is often written in abbreviated form, is produced in various ways.
It may be converted from chemical energy, as in a battery, or it
may be converted from mechanical energy by a dynamo or
generator. The electric current is made to flow through a conductor by electro-motive force. As all conductors possess some
resistance, and as the current moves through each part of the conductor with equal intensity, the electro-motive force is expended
by driving the current through each part of the conductor. The
70
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unit of the electro-motive force is the volt, named after the Italian
scientist, Volta, and is the electrical pressure furnished by a
certain kind of battery whose poles are zinc and mercury, known
as the standard cell.
Resistance. The resistance of a wire or conductor depends
upon its length and area of cross-section. The resistance of a wire
is directly proportional to the length and inversely proportional
to its area; that is, a wire two feet long would offer twice the
resistance of a wire one foot long, and a wire whose diameter is
twice the diameter of another wire would have only one-fourth
the resistance, providing the wires were made of the same material.
Conductivity, or conductance, is the reverse of resistance,
and is used to designate the conducting power of any size wire of
any material. The relative conductivity of different metals with
copper as standard is shown in Table 1.

doctor which has been universally adopted. The length of onethousandth of an inch is a linear mil or simply a mil. The area
of a circle one-thousandth inch in diameter is one circular mil.
A wire of copper of commercial purity one foot long and
one circular mil in cross-sectional area has a resistance of 10.79
Ohms at a temperature of 75 degrees Fahrenheit, so that if a wire's
cross-sectional area is known its resistance can be determined by
simple division, as the resistance varies inversely as the crosssectional area of a conductor ; therefore, if the resistance of the
wire of one circular mit is divided by the circular mils in the area
of another wire of the same length, the result will be the resistance
of the latter wire.
Wire Gauges. There are various wire gauges in use which
are based upon the cross-sectional areas of the wires, each size
being designated by a number. The numbers range from No.
0000 up to No. 36, and so on, the lower the number the larger the
diameter of the wire and the lower the resistance. The wire gage
generally used in the United States for copper wire is the Brown
and Sharp gage, usually called "B & S wire gage," or "American wire gage." The Birmingham or Stub's gage is sometimes
used, but is not so much heard of as formerly. A table of the
resistance of bare copper wire with its different properties will be
found in table No. 2.
In studying the table it will be noticed that the weight and
area about double with every three numbers.
Rules for Resistance. if the wire table is not handy, the
resistance of pure copper wire can be found by multiplying its
length in feet by 10.5 and dividing the product by the crosssection in circular mils.
Current. The intensity of the current flowing through any
circuit is measured in amperes, and is the direct result of the
eleetro-motive force and resistance of the circuit. The existence
for any length of time of a current of electricity always implies
the existence of a circuit. When a current is passing through an
electric circuit., electro-motive force must he expended to drive it
through, as the resistance of the circuit opposes the transmission
of the current, and the current driven by electro-motive force
through a resistance indicates electric energy.
Heat Developed by a Current. When a current does work in
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TABLE 1.
Relative
Conductivity.

Silver .
Copper
Gold
Aluminum
Zinc
Brass
Iron
Platinum
Lead
Mercury
German Silver (18 per cent. Nickel)
German Silver (30 per cent. Nickel)

102
100
77
64
30
22
16
11
9
1.6
5.5
3.6

Relative
Resistance.

.98
1.00
1.3
1.5
3.3
4.5
6.2
9.9
11.1
63.2
18
28

The unit of resistance is the Ohm, and is based upon the
resistance of a column of mercury 41.85 inches long and weighing
223 grains at 32 degrees Fahrenheit.
Circular /itil System. Since the conductivity of a conductor
varies with its cross-sectional area, the mil or circular mil furnishes
a system of designating cross-sectional area of an electric con-

■I

overcoming a resistance, the work performed is converted into
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TABLE 2.

such machines must be designed without. becoming too hot, which
is accomplished by increasing the radiating surface and by supplying radiation.
The utilization of this heating effect is illustrated in the
incandescent lamp, electric stoves, cooking utensils, car heaters,
soldering irons, etc. Wires carrying current may become heated
so as to become dangerous, so that the wires are limited as to their
safe carrying capacity, as shown in Table 3. Wires smaller
than No. 14 are never used in wiring except for special purposes.

PROPERTIES OF BARE COPPER WERE.
BuRaturnit Alt

Blows & SHARPS GAGE.

Oa 811:113

Ganz.

Number.

Diameter
in parts
of

Diameter
in mils

Area
in circular
nails.

cocotohltrat.P
tz4—.Doom --amc..4.

2
wcaP—o toco—l mcn.0. wta ..0. 0 M 1
g

an inch.

.46

460.

.4096

409.6

.3648
.3249
.2893
.2576
.2294
.2043
.1819
.1620
.1443
.1285
.1144
.1019
.0907
.0808
.072
.0641
.0571
.0508
.0453
.0403
.0359
.032
.0285
.0253
.0225
.0201
.0179
.0159
.0142
.0128
.0113
.01
.0089
.0079

364.8
324.9
289.3
257.6
229.4
2042
181.9
162.
144.3
128.5
114.4
101.9
90.74
80.81

211 600
167 800
133 100
105 500
83 690
66 370
52 680
41 740
33 100
26 250
20 820
16 510
13 090
10 380
8 243
6 530

71.96

5 278

64.08
57.07
50.82
45.26
40 3
35.89
31.96
28.46
25.35
22.57
20.1
17.9
15.94
14.2
12.64
11.26

4 107
3 237
2 583
2 048
1 624
1 288
1 022
810.1
642.4
509.5
404.
320.4
259.8
201.5
159.8
126.7
100.5
79.7
63.21

10.03
8.93
7.95

Weight
in pounds
pit

ftlni, feet.

624.
546.
437.
350.
272.
244.
203.
172.
146.
124.
98.
82.
66.
54.
43.
35.
27.
21.
15.
12.
10.
7.3
5.3
8.7
3.1
24
1)
15
1.2
10
0.7
0.6
0.51
0 43
3.30
0.24

Resistance
in ohms

'

per .100 1 ft. '
at 6E01.

Diameter
in mils.

.048
.061
.076
.006
.122
.153

.194
.245
.307
.388
.491
.621
.783
.979
1 229
1.552
1.964
2.485
3.133
3.914
5.028
6.363
7.855
9-942
12.58
15.9
19.93
25.2
31.77
40.27
50.49
64.13
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TABLE 3.
TABLE OF SAFE CARRYING CAPACITY OF INTERIOR WIRES.

Fire of wire.
B. Zs S Gage.

14
12
10
8
6
5

4
3
2

1
0
00
000
0000
300,000 CM.
500,000 Chi.

1,000,000 CAI.
2,000,000 CNL

Current in Amperes.
Circular Palk

4,107
6,530
10,380
16,510
26,250
33,100
41,740

52,630
66,370
83,C90
105,500
133,100
167,800
211,600
300,000
500,000
1,000,000
2,000,000

Rubber Insulation.

Other Irunilations,

12
17
24
83
46
54
65
76
90
107
127
150
177
210
270
390
650
1,050

16
23
32
46
65
77
92
110
131
156
185
220
262
312
400
590
1,000
1,670

79.73
101.8
128.5
159.1

heat. This production of beat causes a rise of temperature in the
conductor, and the temperature will continue to rise until the
heat generated is exactly balanced by the rate of dissipation of the
heat by conduction, convection and radiation. The necessary
resistances of electrical machines involve the production of heat in
their operation, which causes a rise of temperature; but as insulating materials can only stand moderately high temperatures,

Power, The unit of electrical energy is called the watt and
is the amount of power expended when one ampere is flowing in
a circuit at a pressure of one volt. It is equivalent to 7-6 of one
horse power. The number of watts utilized in any circuit
can be found by multiplying the drop of voltage by the current
passing through it, or by squaring the current and multiplying
by the resistance, or,
Watts=EC-C2R..
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For commercial currents and voltages the watt is a very small unit,
so that a kilowatt (=1,000 watts) is generally used as the unit
of electrical power. It is represented by the abbreviation K. W.
A horse power is equal to 746 watts, or approximately three-fourths
of a K. W.
Electric Circuits. Ohm's law, E=CR, states that with a
constant current the electro-motive force varies directly with the
resistance, so that whenever the resistance in the circuit is changed,
the electro-motive force will change. This is known as a constant
current circuit, a typical illustrati .n of which is an are lamp series
system, and the more lamps there are in series the more energy
must be expended.
The constant potential circuit maintains a fixed difference of

Ili Rs R3
RI R2 +111 R3-FR2 R3
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Fig. 1
potential at the terminals of any apparatus, and is illustrated by
the ordinary incandescent lamp system.
Resistance of Circuits. When a circuit consists of various
parts, all of different resistances, but connected in series forming
a single path, the total resistance of the circuit is the sum of all
the resistances. When a circuit is in branches, that is, connected
in parallel, each of the parallel paths must he calculated separately.
The resistance of any number of wires in parallel is equal to
the product of the resistance of each circuit divided by the sum of
those same resistances. For instance, suppose in Fig. 1 the resistance of the three parallel circuits, R„ R„ R„ is to be obtained ;
then the resistance which, when substituted for the three resistances, will give the same value of current flowing through it
as is represented by the formula
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In the case of two similar wires connected in parallel the resistance

is reduced one-half.
MAGNETISM AND THE ELECTRO MAGNET.
-

Uses of the Eleetro-Magnet.

While the scientific world in
general is acquainted with all the laws of the magnet and electromagnet and its apparent peculiarities, the average person, however
much he might be familiar with machinery and devices which contain this interesting piece of mechanism, has usually not given
much thought to its fundamental laws of action. That it is an
important device in the generation and utilization of the electric
current need scarcely be mentioned. All one has to do is to lnok
around and see what an important part it plays in the life of the
world. It is the so-called " lines of induction," generated by the
electro-magnet's of a dynamo, that makes the electric current possible, and it is this same principle which causes the motor to revolve
with such power, the telephone to reproduce the voice. the telegraph
to respond to the touch, the arc lamp to burn all night, the transformer to become almost a magician by changing volts and amperes
into each other, and many other applications which can be
thought of.
What is this device which plays such an important role in all
electric apparatus ? It is a very simple arrangement of three
things: an iron core, a coil of copper wire and an electric current.
When the current is turned on it flows around the iron core and
magnetizes it, and it is usually a magnet only so long as the
current is turned on.
Magnets in general are known as permanent magnets and
electro-magnets. The use of the former is practically limited, but
there are many important features of the electro-magnet that can
be best explained by the permanent magnet, as they both come
under the same laws of magnetism.
Every magnet has two poles or ends, called the north pole
and the south pole, named after the poles of the earth, because
from the earliest days it has been known that the earth is a
magnet, and that a magnetic needle, if mounted on a pivot so that
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it can swing freely, will point north and south. The north seeking point has therefore been called the north pole of the magnet
and the other end the south pole. By means of a magnetic needle
many laws of the magnet have been found. If a bar of iron that
contains magnetism, and all iron does contain magnetism to a
greater or less extent, is held near the magnetic needle, it is observed
that one end is attracted by one end of the bar while the other end
is repelled. If two magnetic needles are used, it is found that
two of the ends will attract each other, -while the other ends will
repel each other. From this is derived the first laws of magnetism,
that "Like magnetic poles repel one another; unlike poles attract
one another."
Among the peculiarities of magnetism is that a magnet must
have two poles; it cannot have one. If a magnetic bar be broken
into two pieces, each piece will have two poles, and possess the
sanie properties as the larger piece, and if the pieces are broken
again and again, each piece must have a north and a south pole.
It is found that, by placing two magnets near each other, some
will attract or repel each other with greater force than others.
This is called magnetic force, and it gives the second law of
magnetism: " The force exerted between two magnetic poles is
proportional to the product of their strength, and is inversely
proportional to the square of the distance between them." In
other words, the stronger two magnets are, the greater is the magnetic force exerted, and this force diminishes very rapidly as the
distance between them is lengthened, and increases very fast as the
magnets approach each other. This can easily be illustrated by
taking a magnet and placing it near a nail; at a certain distance
the nail will not be in the least attracted by the magnet, but. as the
magnet is moved closer the force becomes so great that the nail
will suddenly move to the magnet and cling to it.
In speaking of magnets in general, it is assumed that they are
made out of iron or steel. The only other metals of importance
that possess the power of magnetism are nickel and cobalt, but they
are rarely if ever used.
Magnetic Induction. Magnetism may be communicated from
one piece of iron to another in two ways: by actual contact or by
induction. It is this latter method of inducing magnetism that
is the most important. A magnet is supposed to throw out around
it a number of magnetic lines, and when a piece of iron comes

within the range of those lines it becomes a magnet by induction.
The lines are called lines of induction, and the stronger the magnet
the more lines of force per square inch it throws out. The strength
of a magnet depends upon the kind of iron from which it is made.
When a body possesses a high degree of magnetism it is said to
possess a high degree of permeability; that is, some irons are
better conductors of lines of induction than others, and the more
permeable the iron the higher it can be magnetized, and hence the
greater the magnetic force it is capable of exerting.
Not all magnetic substances retain their magnetism permanently. Hard steel retains some of the magnetism imparted to it,
but cast iron and many impure qualities of wrought iron retain
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Fig. 3
IRON-CLAD MAGNET.

their magnetism imperfectly. This property of retaining its
magnetism is called residual magnetism, so that steel would be
said to contain considerable residual magnetism, while very soft
iron possesses very little residual magnetism.
Another method, and by far the one most widely used to produce magnetism, is the electric current, and magnets produced by
the electric current are therefore called electro-magnets. They are
made in numerous forms, depending on the purpose to which they
are to he put, the bar electro-magnet, the horse-shoe electro-magnet,
the ironclad eleetro-magnet and the solenoid and plunger, as shown
in Figs. 2, 3, and 4, being familiar types. The polarity of an
eleetro-magnet depends upon the direction in which the current is
Sowing around it. Various rules for remembering the relation of
the electric current and the magnetic force have been given. One
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of the best rules is that the direction of the current and the flow
of the magnetic flux are related in the same way as the rotation
and travel of a right-hand screw ; that is, when the current travels
around the bar in the direction a right-handed thread turns, the
north pole would be represented by the point of the screw, and the
south pole by the head, as shown in Fig. 5.
Permeability. In any elodro-magnet the degree of magnetism
depends upon the number of turns of wire, the strength of ths current., and the permeability of the iron. As a product of the number
of turns and the amount of current is called ampere-turns, this can

becomes stronger, but nowhere in proportion to the first amount.
As the current continues to be increased, this portion grows less
and less until the amount of magnetism gained by increasing the
current is very small. The iron is then said to be saturated; that
is, no more lines of force can be crowded into a square inch economically. When the magnetizing current is removed the iron loses
its magnetism and becomes as before. Fig. 6 shows three curves
for wrought iron, steel and cast iron, illustrating the above
principle.

Fig. 4
COIL AND PLI1NGXE.
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RENT AND POLARITY.
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Fig. 6
be simplified by saying that the magnetization depends upon the
number of ampere-turns and the reluctance of the circuit, the term
reluctance being used the same in a magnetic circuit as the term
resistance is used in an electric circuit and the term permeability
being very similar to conductivity. Certain kinds of iron have a
certain permeability, so that. if the number of ampere-turns on the
magnet are known, the degree of magnetization is known. These
are not proportional in the least, but vary as follows: When there is
no current passing around the core of an electro-magnet it has very
little magnetism, and what it has is called residual magnetism.
When the current is turned on the degree of magnetization romps
very rapidly, and as the current is increased the magnetic field

RELATION OF MAGNETIZING FORCE AND MAGNETIZING
EFFECT.

ai

Ampere-turns. As the amount of magnetizing force depends
upon the number of ampere-turns, it does not make any difference
whether the small current with a large number of turns or a large
current with a small number of turns be used ; that is, 2000 turns
of wire with 10 amperes passing through it will give the same
degree of saturation to an iron core as 200 turns with 100 amperes,
the product in each case being 20.000 ampere-turns.
Magnetic Laws. In general, it can be stated that the laws of
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the magnetic circuit follow very closely the laws of the electric
circuit, and while Ohm's law is given as

of in a compound machine for strengthening the electro-magnets,
and hence the fields.
In the motor the electro-magnets are used for creating a
magnetic field, which acts upon the currents flowing through the
armature conductor so as to drag the armature around. Therefore,
very powerful magnets are used, so that a great torque can be
produced without requiring /Buell current in the armature.
Other 'Uses of Electra-magnets. When used with the electric
telegraph, the electro-magnets attract an armature which emits
audible sounds. When first used with the telephone, the speaker
talked to an elastic plate of thin sheet iron, which vibrated and
transmitted its every move to a similar plate in a similar telephone
by electro-magnetic induction. As now used in the carbon transmitters, the vibrations of the voice change the resistance of the
granulated coke placed behind the metal disc, so that currents are
set up in the circuit receiver, which is composed of a magnet and
a magnet coil. When the current is strong, due to the voice, it
increases the magnetic field and draws the elastic plate toward
it and when it is weak it causes it to recede, the electric coil on tho
permanent magnet tending to increase or decrease the magnetism.
This sets in vibration the disc, which throws the air into similar
vibrations at the transmitting end, thus reproducing the sound.
The mechanism of an arc lamp is adjusted by electro-magnets, so
that the carbons are kept always a certain distance apart as the carbon is consumed. In a transformer the alternations of the current
in the primary coil magnetize and demagnetize the iron core, which
in turn sets up currents in the secondary coil in whatever ratio
in respect to the 'voltage and current that is desired. A transformer is a closed electro-magnet with two coils upon it. Usually
the primary coil consists of many turns of fine wire to receive
small currents at high pressure and the secondary, of a few turns
of large wire at a low pressure. This combination can be reversed,
in which case it is called a step-up transformer.
Design for Different Purposes. These are only a few of the
many applications of the electro-magnet. Their design in each
ease depends upon the particular purpose for which it is to be used.
In general, it may be said that when a very powerful attraction at
very short distances is required, a short cylindrical magnet of the
ironclad type is found to be the best. To attract iron across a
wide bar gap which offers much reluctance, a horseshoe shape with
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ripe ro-1n calve force

resistance

for the electric circuit, the law of the magnet circuit is
MAGNETIC FLUX—

magneto-motive force
reluctance

the magnetic flux being the amount of magnetization or magnetic
current, the magneto-motive force being the number of ampereturns creating the magnetic field, and the reluctance depending
upon the size, section, length and material of the iron core and the
magnetic circuit.
When an electro-magnet is used for lifting and pulling, such
kind as is used on cranes for lifting iron plates, the number of
pounds that it can lift depends upon the square of magnetic
induction and the area of poles. It is therefore of necessity to have
the iron highly magnetized and a large contact surface available
in order to have the greatest lifting power. The strength of the
magnet depends upon the kind of plate lifted and the kind of
contact between the pole and the plate. The plate in this ease acts
as an armature, and its distance from the pole faces plays an important part in the reluctance of the magnetic circuit.
Action of Dynamo Magnets. In a dynamo the armature or
field must revolve, so that there must necessarily be some air space
between the poles and the armature. This air space adds materially to the size that the electro-magnets must be in order to drive
the required magnetic flux through it. In the case of a dynamo
the lines of magnetic force are not used for attracting the armatura,
the function of the poles being merely to provide a great number
of these magnetic lines, as the electro-motive force of a dynamo
is proportional to strength of the field, the number of conductors
on the armature, and the speed of rotation. In a shunt dynamo
the voltage drops as the load goes on, unless the current is increased
to make the field stronger. In a series machine the voltage increases as the load increases; so this principle is taken advantage
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long cores is used, as it requires a great number of ampere-turns
to generate the necessary force to drive the magnetic flux across
the gap. To give a gentle pull over a long range a solenoid, or
coil and plunger device, is used. For giving a very quick-acting
magnet, the coils are not wound all along the iron, but only at the
poles. As the tendency of a magnetic circuit is always to make
itself shorter, the yoke and armature should form as nearly as
possible a closed magnetic circuit.
The kind of pole tips, or pole shoe, used on an electro-magnet
also depends upon the purpose for which the magnet is to be used.
On a dynamo the pole shoes are put on the ends of the pole pieces
to distribute the magnetic flux over a large area in order that the
lines of force between the poles and the armature will not be so
concentrated, thus reducing the resistance of the magnetic circuit.
Value of Laminated Cores. When used with alternating currents, the cores of the electro-magnets should be made of very thin
plates or of very small iron wires. The alternate rapid reversals of
the magnetism in the magnetic field of an electro-magnet, when
excited by alternating currents, set up so called "eddy currents" in
every piece of metal. The effect of these " eddy currents " in the
iron is to heat it, which means loss of power. By subdividing the
core into layers or laminations, the effect of the eddy current is
minimized, as the strength of this lost and useless current depends
upon the thickness of the plates.
Principles of Dynamos. The generation of electro-motive force,
and the various manifestations of electric energy met with in engineering practice, depend upon the principle of electro-magnetic
induction. If an electric conductor lies in a field of force, near
some magnetic pole, it will not be affected by this field so far as the
eleetro-motive force in it is concerned. If, however, either the
wire is moved so as to cut these lines, or the magnet is moved while
the conductor is stationary, electro-motive force will be formed in
1 he conductor. If the ends of the conductor were connected to a
proper instrument, such as a voltmetre, it would be evident that
the electro-motive force existed. The cutting of these lines of
force by an electric conductor represents the impressing of force
upon the conductor, and if the proper conditions are established
the electro-motive force impressed on the conductor by the field of
force will produce a current.
There are two conditions necessary for producing a current,

namely, the conductor must form part of a closed circuit and the
number of lines of force through the conductor must vary in
number, or only a portion of the circuit must cut lines of force. In
the case of dynamos both of these conditions exist at once. As the
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Fig. 7
armature conductors cut lines of force they vary the number of
lines of force. Figs. 7 and 8 represent two movements of a conductor in a uniform field of force in which no electro-motive force
is produced in the conductor, as the number of lines of force

Fig. 8

I

cut by the conductor in its movement does not vary. Figs. 9 and
10, however, represent conditions such that the number of lines
of force is varying, and hence electro-motive force and current
will both result. In the case of Figs. 7 and 8 no power is expended in moving the ring through the field ; in Figs. 9 and 10
power must be expended.
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Field of Force in Practice. Magnetic fields of force in practice are generally produced by electro-magnets. The number of
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as in inductor generators. In all cases electro-motive force is
impressed on the circuit.
Dynamos. Dynamos may be defined as machines used to
convert mechanical energy into electrical energy by means of the
principle of electro-magnetic induction. In all commercial
machines the mechanical energy is supplied in the form of rotation,
and the electrical energy is delivered either as direct current or as
alternate current.

PRINCIPLE OF DYNAMOS.

0

If a loop of wire be revolved in a magnetic field about an axis

Fig. 9
poles used vary in practice, but the same general plan for varying
the north and south poles alternately is followed. Fields of force

Fig. 11

r-

Fig. 10
may be moved past conductors or past coils forming parts of
circuits; or the conductors and coils may be moved past them ;
or the relations of field to conductors or coils may be kept changing

perpendicular to the lines of force, as in Fig. 11, then each side of
the loop is a conductor moving across the lines of a magnetic field,

and as such will have an electro-motive force induced in it. The
directions of the induced electro-motive forces in the two sides will
be opposite to each other, and since they are on opposite sides of
the loop, the pressures, instead of opposing each other, will be added
together. If the two ends of the wire from which the loop is made
be connected to slip rings and a circuit be completed through
contacts sliding on them, a current will flow. For each complete
revolution the current changes its direction twice, and the arrangement shown in Fig. 11 is an elementary alternating current dynamo
or alternator.
71
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The Commutator. A commutator is used in a shaft of a
machine when it is desired to get a direct current. In the case of
Fig. 12 a commutator having two similar cylindrical parts of
metal, insulated from each other and affording sliding contact for
two brushes, would be sufficient. One end of the wire would be
attached to one part of the commutator and the other end to the
other part. The brushes are so placed that at the instant that the
electro-motive force in the loops changes its direction the brushes
slide across from one segment of the commutator to the other, and
thus the current, while reversed in the loop, is left following in the
same direction in the outside circuit. In practice, however, a

any even number of poles, alternately north and south, are arranged
concentric to the armature. Almost all modern machines belong
to the multipolar type.
The magnetic circuit of a dynamo is shown in Fig. 13. The
field coils are wound on the poles, and the current required to set
up the magnetic field is furnished by the dynamo itself, even at
starting, when the residual magnetism in the magnets is utilized.
The portion connecting the poles is called the yoke, and the space
between the magnet poles and the iron core of the armature is

Fig. 12
great number of conductors and commutator bars are required, as
the electro-motive force would fluctuate, which is not permissible
in ordinary direct-current generators.
The Armature. The general arrangement of the loops of wire
in which the electro-motive force is induced, the iron core which
sustains them, and the necessary insulation constitute what is known
as the armature of a dynamo. They are made in various forms,
which will be described later.
Field Magnets. All commercial dynamos at the present day
have their magnetic field produced by electro-magnets, called field
magnets. In small machines there are usually two poles, but in
large machines it is usual to use multipolar field magnets in which
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Fig. 13

called the air space, or air gap. This air space must be made as
small as possible in order to prevent excessive leaking of the
magnetic flux, and also to reduce the reluctance of the magnetic
circuit, as the air space possesses a very high reluctance. The
smaller the air space, the smaller the magnetic force required, and
the smaller, consequently, the number of ampere turns needed on
the field coils of the eleetro-magnet. To reduce the air space as
much as possible, the armature's disks are often toothed so that
the wires may set down in the grooves and the teeth may come as
close to the pole pieces as practice will permit.
The total reluctance of the magnetic circuit is the sum of all
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the reluctances of the yoke, field cores, pole pieces, air gaps and
armatures.
Calculation of Electra-motive Force in Dynamos. The fundamental formula upon which all dynamos are designed is as follows:
N n
E— - -10°
in which E=electro-motive force in volts ; N is the strength of the
field; 0 is the number of conductors on the armature; and n is the
number of revolutions per second. In drum armatures, N is equal
to twice the number of loops; in ring armatures, N is equal to the
number of loops.
The capacity of any dynamo is equal to the number of watts
which it generates and supplies to the outside circuit, so that the
zapacity varies as EC. The value of E in any machine can be
increased by increasing either N, 0, or n. In practice the value
of the number of revolutions, N, is limited, (1) by considerations
of mechanical safety and economy and (2) by the desirability, in
the case of a dynamo, of connecting it to the steam engine or other
prime mover. The speed of small machines is greater than that
of large ones, but the peripheral velocity of the circumference of
armature of all sizes lies between 25 and 100 feet per second. The
value of the magnetic flux N, depends upon the size of the machine,
and the permeability or reluctance of its magnetic field. The
field magnets and armature core are therefore made of low reluctance, and the air gap between the pole pieces and armature is
made small. The number of conductors, 0, on the armature can
be increased by decreasing the size of the wire, but sufficient crosssection must be left in the conductors to carry the maximum current of the machine without causing excessive heating. Good
practice demands from 400 to 800 circular mils cross-section of
armature conductor per ampere, the larger values being for
machines that run continuously.
Laminated Armature Cores. Since the iron core of the armature is practically a conductor moving in a magnetic field, it has
induced in it an electro-motive force, which should be kept as small
as possible, as the energy thus generated appears in the form of
heat, and will produce an excessive temperature of the armature
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if not prevented. This is done by making the iron core of the
armature of thin iron disks insulated from one another.
These currents produced in the core are called Foucault or
eddy currents, and they are proportional to the square of the thickness of the disks or laminae. In practice the thickness of the
armature disks will be found to vary from .01" to .06". For
insulation between the disks, reliance is usually placed on the iron
oxide that forms on them during their manufacture. Generally
every six disks or so, insulation is made perfect by interposing
shellac, japan or paper. For small armatures, the disks are
punched whole from sheet iron. These punehings are assembled
on the shaft, and are held in place by brass collars at each end of
the disks and are tightened by means of nuts on the shaft or
similar device.
In large machines the armature disks are punched in parts
and these are assembled with their joints staggered. With large
machines the disks are not directly attached to the shaft, but they
are mounted on a spider, which in turn is connected with the shaft.
Rating of Dynamos. The American Institute of Electrical
Engineers recommends that all electrical and mechanical power be
expressed, unless otherwise specified in kilowatts; that the full
load current be that current which with the full load voltage gives
the rated kilowatts; that all guarantees on heating, regulation, and
sparking should apply to the rated load, except where expressly
specified otherwise; that direct current generators should be able
to stand an overload of 25 per cent for one-half hour without an
increase of temperature elevation exceeding 15 degrees centigrade above that specified for full load ; and that direct current
motors should, in addition, be able to stand an overload of 50 per
cent for one minute.
Temperature of Electrical Machinery. The rise of temperature
of the parts of a dynamo or motor should be referred to the
standard conditions of a room temperature of 25 degrees centigrade, and the apparatus should neither be exposed to draft or
inclosed, except when otherwise specified. If the room temperature differs from 25 degrees centigrade, the observed rise of temperature should be corrected degree for each degree difference.
The temperature should be measured after a run of sufficient duration to reach practical constancy. This is usually from 6 to 19
hours, according to the size and construction of the apparatus. It
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is recommended that the following maximum values of temperature
should not be exceeded :

attained in any winding, and a systematic method must be adopted
before even the simplest can be understood.
Types of Armatures. It is usual in the discussion of this subject to divide the different types of armature windings into the
" closed-coil " and " open-coil " types, ring and drum types and
the kind of windings into lap and wave windings. When the inductors and commutator segments are not all electrically connected with each other, the winding is called an open-coil winding.
Open-coil windings are used chiefly on are lighting dynamos.
Closed-coil windings are more generally used for incandescent
lighting and power purposes. In the case of the closed-coil wind-

Field and Armature
50°C.
.55°C.
Commutator and Brushes
Bearings and other parts. .. .40°C.
.

In using a thermometer care should be taken to so protect the bulb
as to prevent radiation from it and at the same time not to interfere .seriously with the normal radiation from the part to which
it is applied. Cotton waste around the bulb of the thermometer
will usually answer the purpose.
Armature Windings. The electro-motive force of a dynamo,
or the voltage which it gives out, depends upon three factors: the
strength of the field, the number of conductors on the armature
and the speed of the armature. It is a well-known fact that
strengthening the field of a dynamo increases its voltage, and increasing the speed also increases the voltage; but for any
constant potential machine the number of conductors on the
armature which are active in producing electro-motive force always
remain constant.
The designer of a machine, in taking these things into consideration, fixes upon the strength of the field and the speed of the
machine, from which he derives the number of conductors on the
armature required ; or, be assumes the number of armature conductors, and calculates the field and speed to produce a certain
voltage; but, whatever the method, the result is, that a large
number of conductors must be placed upon the armature in such
a way that the proper elect ro-motive force is generated, the size
of the wire must permit sufficient current to pass through it without overheating, and proper connections must be made to the commutator, etc.
The principle difficulty experienced by the early student of
electricity was in understanding the armature winding, and a man
who, in those days, could perform the task of successfully winding
an armature so that it was in balance and did not short circuit or
overheat, or who could finish the maze of wires bristling from the
armature in a neat series of connections to the proper commutator
bars and get a desired voltage, was looked upon as a wizard. A
careful study of the subject reveals that certain objects must be
.

Fig. 14

Fig. 15

ings all the inductors on the armature are engaged all the time in
adding. electro-motive force to the circuit, except when short circuited by the brushes at commutation, and while there are many
forms of closed-coil windings the inductors in all of them form one
or more endless circuits around the armature core. The two principal types of closed-coil armatures are the ring armature and the
drum armature.
The ring armature consists of an annular ring around which the
armature conductors are wound in a continuous spiral or number
of spirals which are tapped off at equal intervals to the commutator
bars. Fig. 14 shows a simple, bipolar, two-circuit ring winding.
The magnetic lines of the field pass from the north pole to the
south pole. As the armature rotates, the conductors on the exterior
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surface cut across the magnetic lines twice in each revolution, and
since there is no flux on the inside of the ring, the conductors on
the inside serve merely to connect the outside conductors in series.
A four-pole ring winding is shown in Fig. 15. The winding
is similar to that shown in Fig. 14, but the number of brushes is
doubled, and the number of coils should be a multiple of the number of poles. There are two negative and two positive brushes,
the brushes of the same polariiy being connected together. There
are other types of ring windings which are arranged to give
different results. For instance, if in Fig. 15 two brushes were to
be used instead of four brushes, the end connections would be con-

conductor in such a manner that the electro-motive force is cumulative. The return coil always lies under a pole of opposite
polarity, so that it involves a series of end connections, which
entirely cover the end of the armature core.
The end view of a drum winding is shown in Fig. 17. The
coils are so connected that the current passes from bar to bar.
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In the figure but two complete turns are shown, but all the other
coils are connected similarly. Coil No. 2, after traversing longitudinally along the south pole, is brought across the end to
commutator bar marked A, from whence it goes to coil No. 19
on the other side of the armature, which traverses longitudinally

along the north pole and across the back of the armature indicated

Fig. 16

Fig. 17

nected together as shown in Fig. 16. For machines with a larger
number of poles there would be a corresponding increase in the
number of circuits in the armature.
Drum Armatures. Windings for drum armatures are very
complicated, and an attempt to show by a diagram a complex winding would only result in confusion. They differ from ring windings, inasmuch as the conductors lie on the outside surface of the

core, and hence all the wire is active in producing electro-motive
force except the end connections, while in the ring armature a
large amount of wire is utilized in merely serving as conductors
on the inside of the ring. In a ring armature the adjacent coils
are in series with each other, while in a drum armature the connections must be so made that each conductor must join another

Fig. 18

Fig. 19

by the dotted line, and back along wire marked No. 4 to commutator bar marked B, to which wire No. 21 is also attached, and
so on all around the armature. Fig. 18 represents a completed
winding of a simple drum armature where there are as many bars
as there are coils. Fig. 19 represents a winding two layers deep
for a two-pole machine. As the number of poles increase and the
number of conductors on the armature multiply, the winding becomes still more intricate, but still the same law applies of joining
a conductor under one pole to a conductor under another pole of

reversed polarity.
The open-coil winding is similar to the closed-coil, with the
exception that each coil is alternately cut in and out of circuit and
is not connected to any other coil by end connections. The opposite
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coils are connected in series. This style of armature winding is
used chiefly for arc light machines. The electro-motive force is
varied by shifting the brushes, which cut coils in and out of
circuit, so as to maintain an even current on the line.
The coils are wound on drum armatures in one of two ways,
known as lap winding or wave winding. The winding of an
armature is very much simplified these days by the formation of
coils, shown in Figs. 20 and 21. Fig. 20 represents a coil for a
lap winding, and Fig. 21 a coil for a wave winding. For small
machines wire is used in their construction, but for large size

winding the wire doubles back on itself at every turn. Fig. 23
represents a developed lap winding.
Whatever the style of drum winding, great care must be
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Fig. 22
exercised both in regard to insulating and fastening the coils,
especially the end connections. They are usually insulated with

Fig. 20

Fig. 21

machines they are formed of flat rods. They are insulated carefully and are formed by machinery so that they will exactly fall in
place when placed on the armature. The different forms of windings can be shown in a different manner from those shown in Figs.
16, 17, 18, and 19. In those figures the windings are shown as
they would appear on the armature looking on them at the end.
A far easier way is to look at them at right angles to the plane of
the coils and assume the circumference of the armature to be one
flat plane. In this manner the conductors on the armature and
the connections to the commutator can be shown more clearly.
Fig. 22 represents a developed wave winding, the coil goes across
the armature and back without crossing itself, while in the lap

Fig. 23
mica, where the best of insulation is needed, but on account of its
cost and the difficulty of manipulating the mica, canvas, oiled paper
and vulcanized fibre are among the insulations used. Japan and
shellac are used liberally, especially when canvas is used. All
armature conductors must be banded to prevent their dislodgment
under the centrifugal action at high speeds. The wire used for
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this purpose is generally composed of hard drawn brass, phosphorbronze or steel. It is wound over insulating strips, forming a band
of several turns, which are sweated together with solder. With
toothed cores, a strip of maplewood is fitted into the recesses, and
acts like a cover to the slot, which firmly holds the windings in
place. The fastening of the ends to the commutator is usually
done by placing the tinned ends of the core in the commutator slot
and sweating them in with solder.
Although the external appearance of the armature is such that

of Figs. 24 and 25, which are reproductions of armatures of large
generators in which each coil consists of but a single turn. Fig.
24 is a wave winding in process of construction, and, as is clearly
shown, the ends to the commutator run in the opposite direction
from those at the back of the armature. Fig. 25 is a lap wound
armature in the finished state, and, as will be noticed, the coil ends
bend down at both sides. Front this it can be found that with a
large armature, so large so that each coil consists of but one turn,
all that is necessary is to look at the coil ends, and if these turn in
the same direction at both ends, as in Fig. 25, the connection is of
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Fig. 24
one not experienced in the subject would = M. be able to see any
difference between a lap and a wave winding, a difference does
exist, and a knowledge of this difference is of value, as it can then
be told what the type of connection is in an armature that requires
repairs, and knowing this much, the cause of the trouble can more
readily be found, and the proper remedy provided. In Figs. 22
and 23 it will be seen that in the first figure the ends of either
side of the coil do not run in the same direction. In Fig. 23 both
ends of the same side of the coils turn in the same direction. From
this it can he seen that if an armature is wound with single turn
coils it can at once be determined whether the connections are of the

lap or of the wave type. This fact can be made clear by means

Fig. 25
the lap-type, and if they turn in the opposite direction, as shown
in Fig. 24, the connection is of the wave type. If the armature is
small and the coil consists of more than one turn, it is not so easy
to determine the nature of the connection, as then the coils will
have the same form for both types of winding; but if it is examined
more closely, the direction in which the wires run from the coils
to the commutator segments can be determined as well as the
character of the connection ; for if it is a lap winding, the connections with the commutator segments will be found to run to two
adjoining coils, while if the connection is of the wave . type the

ELECTRIC RAILROADIN'G.

ELECTRIC RAILROADING.

wires from the commutator segments will spread out and run to
coils separated from each other by a considerable distance.
Types of Dynamo Field Magnets. While the horseshoe shape
of magnet is as simple as a magnet can be made, this form is not
commonly used in the construction of modern dynamos. For a

leakage would be excessive; the dotted lines in Fig. 28 illustrate
roughly this leakage.
Fig. 29 shows another arrangement of this type of magnet,
which was used to limited extent some years ago, but is no longer
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Fig. 26
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Fig. 27
Fig. 30

number of years it was the standard type, but has gradually been
superseded by other forms which have magnetic and constructional
advantages that more than compensate for the loss of simplicity.
The horseshoe type, which is repeated in Fig. 26, herewith, is
still used, however, to some extent in small machines, but even in

Fig. 31

built in this country. It is open to the same disadvantage as the
vertical type of Fig. 26, namely, an iron base-plate cannot be used
without increasing leakage ; in this case the leakage being from the
pole-piece, a, across to the back end of the magnet core at b, thus

a

Fig. 32
Fig. 28

Fig. 33

Fig. 29

such machines it is more generally used inverted, as indicated in
Fig. 26. The advantage of the inversion of the magnet is that an
iron bed-plate can be used without increasing magnetic leakage.
If the form shown in Fig. 26 be set on an iron bed-plate, even with
blocks of wood in between, as indicated in Fig. 28, the magnetic

shutting a large part of the magnetism away from the armature.
Fig. 30 is precisely the same as Fig. 26, except that a single coil is
wound on the horizontal portion of the field magnet instead of
having two coils, one on each vertical pole. Fig. 31 bears exactly
the same relation to Fig. 27, being simply an inversion from Fig.
30. Fig. 32 is an equivalent of Fig. 29, and is the only single

1120

ELECTRIC RAILROADING.

ELECTRIC RA I ',ROAM NG.

bipolar magnet that can be mounted on a heavy hard-wood base.
Fig. 33 shows a bipolar type which was in high favor in this
country a few years ago, and is still used considerably in England.
This is known as the Manchester type. It has a slight disadvantage of requiring considerably more wires in the magnetizing coils
than the other types mentioned. In this machine there are two
magnetic paths through the field magnet in parallel with each other,
the magnetic flux through the armature separating at each polepiece into two parts, one half passing to the left, and the other half
to the right. Such a machine, as compared with Fig. 32, would
require only one-half the cross-section in each magnet limb that the
machine in Fig. 32 requires in its single magnet limb. This, of
course, would make the diameter of the field magnet coils smaller,

ical injury, and a smaller amount of wire is required. This form
of magnet was used by many of the smaller manufacturers a few
years ago, when the advantages of the multipolar field magnets
became better known and adopted exclusively for the larger mar Alines. The circular form of magnet frame used with these
machines was then applied to the smaller bipolar machines, with
the result shown in Fig. 35, which will be recognized as being
precisely equivalent to Fig. 34, the only difference being in the
shape of the two frames. Like the type of Fig. 33, the magnet
circuit in Figs. 34 and 35 is divided into two parts, one-half
of the flux passing through one-half of the yoke, and the other
half through the other half of the yoke.
Multipolar Machines As just stated, machines of appreciable

Fig. 34

Fig. 35

but, on the other hand, the densities being the same in the two
machines, each of the coils in Fig. 33 would require the same number of ampere-turns that the single coil in Fig. 32 requires, the
ampere-turns of a magnet being proportional to the flux density
in the path and not to the total amount of the flux.
All of the field magnets thus far mentioned are of the " open "
type. A much better type of bipolar field magnet is that shown
by Fig. 34, which is known as the Continental type. The difference between this form and that in Fig. 33 lies chiefly in the
arrangement of the magnetic coils, the coils in Fig. 34 being placed
directly on the poles, while in Fig. 33 they are placed on the
portions connecting the poles. This difference, however, has the
effect of transforming the machine from an open to an " iron-clad "
one, in which the magnet coils are entirely protected from median-
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Fig. 36
size are now built with more than two poles, the form of magnet
most generally used being that illustrated by Fig. 36, which
shows a four-pole machine with the circular yoke mentioned above.
The paths of the magnetic flux through each field circuit and the
armature are indicated by the dotted lines, which show that there
are four distinct circuits in the machine. In such a machine each
magnet-coil supplies each pair of magnet circuits through its core
in the yoke-ring midway between two poles to a point in the
armature between the same poles, these points being indicated
by x and y. That is to say, each coil creates all of the flux passing
through the pole surrounded by the coil, and drives this flux
through the two paths in parallel in the yoke and armature to the
point indicated by x and y, the neighboring coil taking care of the
remainder of the path from those points through its own core.
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Other forms of multipolar field magnets are in use, but this
is the recognized standard of modern practice, and is used for
machines having large numbers of poles.
The advantages of multipolar field magnets over the bipolar
type are (1) a simpler armature winding and one more accessible
for repairs; (2) a smaller amount of material due to the subdivision of the magnetic flux. This is illustrated plainly by Fig.
37, which shows a bipolar, a four-pole and an eight-pole machine,
all having the same total flux through the armature; (3) a greater
ability to dissipate heat on account of the greater area of surface
in each magnet pole and winding, and also in the armature.
It would naturally appear at first glance that the multipolar
design must profitably be carried up to 16 or 32 poles or more,

strengthens the current in the field winding, and so on until the
machine has built up its electro-motive force to the normal point.
There are two fundamental methods of connecting field magnet windings to the armature brushes and two combinations of
these. One is to connect the windings in series with the load as
shown in Fig. 38, and the other is to connect it in parallel with the
load as shown in Figs. 39 and 40.
Shunt Winding. The first arrangement is called a series
field winding, and the second is a shunt field winding, the term
" shunt " being employed in preference to the descriptive term
parallel " because the proportion of the total current that passes
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Fig. 37
but this is not true except for huge machines. Machines of moderate
size are most economically built with four poles ; making the number greater than this increases the expense of winding coils,
machine work and other fittings, out of proportion to the gain in
material.
Field Magnet Excitation. But for the property that iron
and steel possess of retaining more or less magnetism, it would
be necessary to magnetize the field magnet of a dynamo by current
drawn from some independent source whenever the machine started
up. This residual magnetism in the dynamo field magnets enables
the machine to generate a low electro-motive force in the armature
when it is first brought up to speed, and by connecting the field
magnet windings to the brushes this faint electro-motive force
drives a small current through a winding around the magnet
cores, increasing the armature electro-motive force. which, in turn,

Fig. 38

Fig. 39

through the field winding is very small, so that the winding is
actually a shunt. or by-path to the main circuit.
A dynamo with a shunt field winding maintains an almost
constant electro-motive force at its brushes when driven at a
constant speed ; if there were no loss of volts in forcing the
current through the armature windings, the electro-motive force
would remain absolutely constant, but there is, of course, this
loss or drop, and this makes it necessary to provide some means
of regulating the electro-motive force. Even if there were no
armature " drop," regulation would be necessary because of the
" drop " in the wires eonnecting the dynamos with the load, a
machine of this character being used to supply a load requiring a
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fixed electro-motive force. Consequently, an adjustable resistance
is put in series with the field winding, as indicated diagrammatically in Fig. 41, where L is a metal lever arranged to swing around
a pivot and touch at its free end any one of the semi-circular row
of metal contacts; these are connected to points in a resistance
coil. Moving the lever to the right increases the amount of dead
resistance in series with the field winding, thus reducing the
strength of the magnet and consequently the electro-motive force
at the brushes. The contrary movement of the lever, of course,
has the opposite effect. Such an arrangement is called a
" rheostat."
The lamps or other devices constituting the load on a constant-potential circuit are always connected in parallel or multiple,

being, of course, made continuous where the devices were taken
out) the total resistance is decreased; without dynamo regulation,
therefore, the current would increase to an excessive strength.
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Fig. 42

Series wonml dynamos are regulated to give a constant current
strength, varying their electro-motive force according to the requirements of the load. One method of regulation consists of

X

X

X A

X

X

Fig. 43
varying the field magnet strength by means of an adjustable
Fig. 40

minuiat,
Fig. 41

or else in series groups which are connected in parallel with each
other, and which constitute each a single constant-potential element,
and must be thrown in and out of the circuit as such. Fig. 42
represents a constant-potential circuit having both single devices,
a, and series groups, b. It will be evident that decreasing the
load increases the resistance of it.
Series Windings. Series wound dynamos are employed only
when the load is of a character requiring an unchanging current;
these machines are commonly referred to as " constant-current
dynamos." Fig. 43 represents a series or constant-current circuit,
the respective devices being indicated by crosses. It is obvious that
when one or more devices are removed from the circuit (the line

resistance or rheostat connected in parallel with the field winding,
as indicated in Fig. 44. This shunts a greater or less amount

Main Circuit

Fig. 44
of current from the field winding, according to the amount of

resistance made active by the lever, L. Thus if the current in
the armature and main circuit were 10 amperes, and the resistance
of the field winding were 10 ohms, a resistance of 40 ohms in

ELECTRIC RAILROADING.

ELECTRIC RAILROADING.

parallel with the winding would cause the current to split in the
ratio of 40 to 10, or 4 to 1; 2 amperes would pass through the
resistance and 8 amperes through the field winding. Another
method of regulation consists of dividing the field winding up
into two sections in and out of circuit. This is shown in Fig. 45.
As the strength of any magnet depends on the number of ampereturns in its magetizing winding, reducing the number of turns will
reduce the magnet strength, the current being kept constant. This
method of regulation is objectionable, however, for magnets of
large size, because of the tendency to flashing at the contacts of
the regulating switch.

down the electro-motive force and causing a further reduction in
field magnet strength, and so on until the electro-motive force
became reduced to a useless value.
Compound Windings. The two fundamental windings just
described are combined in two ways, the more common of which
is shown in Figs. 46 and 47. The magnet is provided with both
windings, the shunt winding serving to give initial excitation and
to maintain the proper electro-motive force when there is no load.
The series winding is connected so as to magnetize in the same
direction as the shunt winding, and as soon as any current flows
in the work circuit, it strengthens the field magnet so as to increase
the electro-motive force of armature and compensate for voltage

1126

1127

Fig. 48
Fig. 46
It is impossible to supply a constant-potential load from
a series-wound dynamo, for the reason that a small load will not
allow sufficient flow to fully magnetize the field magnet. Thus,
a series-wound machine designed for 100 amperes and 115 volts
would require a field exciting current of 100 amperes in order
to generate 115 volts. If the resistance of its own windings were
0.05 ohm, 5 volts would be used up in the windings at full load,
leaving 110 volts for the load. So long as the resistance of the
load and the circuit wires remained at 11 ohms the machine would
operate perfectly, but. if the load were reduced until the resistance
of the whole cireeit became 22 ohms, the current would be reduced
about one-half; this would reduce the field magnet strength, cutting

losses in the connecting wires between the dynamo and the load.
The effect of the series winding may be adjusted by some means
such as those shown in Figs. 44 and 45, so that the field is
strengthened precisely enough, as the load is put on, to raise the
generated electro-motive force by just the amount lost in the
armature and other parts of the circuit, and thus keep the electromotive force at the load unchanged. The rheostat is provided in
the circuit of the shunt field winding to adjust the initial electromotive force to the proper value.
This arrangement of windings is called " compound " field
windings, and the effect of the series coils is termed " compounding." The shunt field circuit is sometimes across the brushes, as
in Fig. 48, instead of indirect shunt to the load circuit, as in
Fig. 47, one arrangement being practically as good as the other.
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The other method of combining shunt and series field windings consists of putting both windings on the magnet and connecting them so that they oppose instead of assist each other.
The shunt winding usually gives the initial magnetization and the
series winding partially neutralizes the effect of the shunt winding. When the current becomes excessive, the series coils weaken
the field and reduce it. This action, of course, cannot be perfectly
compensative, because some excess of current is necessary to make
the series coils keep the voltage (and therefore the current) down.
This arrangement has been tried on constant-current dynamos, but
has never come into commercial use to any considerable extent.
Commutators and Brushes. The function of the commutator
is to transfer by rubbing contact the current generated in the
armature to the outside circuit. In some machines the commutator is of almost the full diameter of the armature. The
segments or bars are always drop-forged or hard-drawn copper.
The insulation between them is always of mica; amber-colored
mica, which must be free from iron, being the best. Besides being
a good insulator, amber mica has the additional advantage that it
wears at the same rate as copper, so that after long use it leaves
neither elevations or depressions on the commutator surface. After
a commutator has been in use for some time, it becomes grooved and
pitted, a condition which causes sparking and wear, so that the
commutator must be turned down to the true surface. The design
of an armature must take this into consideration.
In fastening the bars together there are various methods in
use. Each of these methods must allow the bars to be thoroughly
insulated from the clamping device, as well as to hold them firmly,
so that any one bar cannot be pushed lower than its neighbor.
An arrangement for holding the bars together which is employed
by the General Electric Co. is shown in Fig. 49.
Brushes for high potential machines are made out of carbon.
Carbon against copper causes less wear than copper against copper,
and the greater resistance of the carbon brush results in less
sparking when the brush is performing its proper function of
collecting the current from the bars. Combination brushes of
carbon and copper are sometimes used. Carbon brushes are generally set radially, and a surface of one square inch per 40 amperes
is usual when this type of brush is used. On old makes of
machines and low potential plating dynamos, copper brushes, set

at an angle of 45 degrees tangent of the commutating surface, are
generally used. There is less tendency to spark on low voltages,
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Fig. 50
and the resistance of the carbon brush is considered too high in
relation to the whole circuit to be used efficiently. Wire gauze
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brushes are now more generally used when a metal brush is considered proper to use. Brush hoiders should permit of a low
resistance contact between the brush and the leads. They should
provide adjustment as to position and tension of the brushes, and
they should be arranged so that the springs do not get hot or lose
their temper by running under full load. The tension of carbon
brushes varies from one to ten pounds per square inch of contact
surface, the larger value being used in small machines and smaller
value on large central station generators. Fig. 50 shows an
arrangement of brush-holder used by Crocker-Wheeler Co.

coming principally from the heated end of the positive carbon.
The tip of the positive carbon is called the crater, and when it
is at the point of incandescence the temperature is about 3500
degrees centigrade. When burning, the positive carbon becomes
hollow on the end, while the negative carbon becomes pointed by
the flying carbon particles, but it does not reach such a bright
degree of incandescence as the positive carbon. Owing to this
fact, the positive carbon burns away about twice as fast as the
negative carbon.
Arc lamps have what is termed a spherical candle power,
and commercial lamps of 800, 1200 or 2000 spherical candle power
are in use. The arc lamp of 800 candle power takes a current of
4.5 amperes, that of 1200 candle power takes 6.6, and that of 2000
candle power 9.8 amperes. The candle powers are rated according
to their greatest brilliancy, which is about at an angle of 45 degrees
to the center of the carbons. At any other angle the brilliancy
is much less and the average will be about 800 candle power.
Since the brilliancy of the lamp depends upon the current
passing through it, the current. of an arc light machine must not
exceed or fall below its normal value, no matter how the load is
varied, for the slightest change affects the quality of the light
at the lamps. As the voltage required per light is about 50 volts,
and as commercial circuits contain from 60 to 100 lamps, the
maximum voltage of an arc light circuit will be about 3000 for the
60 ]amp circuit, and 6000 for 120 lamp circuit. Under these
conditions it may happen that the load is variable, in which case
the are machine must regulate between wide fluctuations of voltage
and at the same time maintain a steady current.
To perform this regulation quickly, all constant current
machines rely on armature reactions for regulation, since they
vary simultaneously with the current in the circuit. The following conditions are aimed at in all successful constant current
generators. There must be a large number of armature turns;
since the current is small, the magnetic field of the machine must
be distorted ; the path of the line of force of the field coils
must be long and of small area, so that the magneto-motive force
cannot readily be changed ; the paths of the line of force due
to armature magnetization must be short and of great area, so that
the magneto-motive force of the armature will change with the

CURRENT REGULATIONS OF ARC DYNAMOS.
Method for Supplying Constant Current to Ara Lamps.

While

in many instances the constant potential arc light has replaced

the constant current are lamp, yet for certain purposes, such as
for street lighting, the constant current are lamp is used
extensively. In the latter case considerable energy is expended
at the points of illumination, and as these points are usually
separated from each other by considerable distances, it is more
economical to connect the lamps in series than it would be to rim
them in parallel. When the series method is used, a single line
completes the circuit of all the lamps, so that the line can be
made of much smaller wire than in the case of the constant potential circuit, because on a constant potential circuit, as the load
increases, the power or energy transmitted is increased by raising
the voltage, the current remaining unaltered ; while in a constant
potential circuit an increase of load is met by an increase of
current., and the wires must be large enough to carry the maximum
current.
The size of wire necessary in any circuit is determined by
the amount of current it must carry, and not by the voltage or
the energy transmitted, so that a wire which is large enough to
supply one lamp on a constant current circuit is large enough to
supply all the lamps on the circuit.
An ordinary arc lamp, when it is in working order, requires
between 45 and 50 volts to force its rated current through it.
This current is used principally for heating the carbons to
incandescence, across which an arc is maintained. The arc proper
does not give out more than 5 per cent of the light, the light
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slightest change of the current; and the polo pieces must have
a high density of magnetization.
As will be noticed, there are so many conditions that must
be met in order that a machine will produce constant current
under all loads, that automatic mechanical devices are used to
aid the regulation. These automatic devices are not the only
regulators, but they are only secondary to the natural self-regulating tendency of the armature ; that is, the regulating device acts
like a governor on a steam engine and regulates for the gradual
and greater changes of the load, while the armature reactions act
like the fly wheel and take care of the smaller and more sudden
fluctuations.
Of the two general methods used for regulating the current
on are dynamos, one method is to cause the machine to develop
an electro-motive force just sufficient for the load ; and the second
method is to vary the magnetizing force in the field magnets just
enough to put the required voltage on the line. The first method
is performed by shifting the brushes from the neutral plane, which
in a cicsed coil armature causes a counter electro-motive force
to he developed in those conductors lying between the neutral and
commutating plane, which reduces the voltage the right amount.
In an open coil armature, the brushes when in the maximum
position connect to the circuit those coils of the armature which
at that instant have the maximum electro-motive force generated
in them, and the amount of shifting regulates the pressure on the

much potential as necessary. The Excelsior are dynamo has a
closed coil armature and is regulated by cutting out sections of the
field winding, at the same time the position of the brushes is
shifted. The Thompson-Houston dynamo employs an armature on
which there are three coils. The outside ends of the coils are
connected to three commutator bars, from which the current is collected by four copper brushes connected in multiple. Regulation
is effected by shifting the brushes.
Whether, however, regulation is effected by changing the
position of the brushes or by changing the field excitation, sparking will occur, unless there is some means taken to prevent it,
and this is done in a different manner in the different makes of
machines.
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PRINCIPLES OF MOTORS.
Theory of Action. The ordinary electric motor is substantially identical in construction with the dynamo, the one is merely
an inversion of the other, the function of the dynamo being the
conversion of mechanical energy into electrical energy while the
motor converts electrical energy into mechanical energy.

line.

The second method of regulating arc light machines by varying the magnetizing force in the field magnets depends upon the
fact that the magnetizing force is dependent upon the ampere turns
on the field coils. In practice, this is varied by either cutting out
or short circuiting some of the turns, or changing the current
in them by means of a variable resistance which is shunted across
the field terminals.
The Brush Are machine is regulated by a variable resistance
in shunt with the field coils, and as the field current is changed,
the position of the brushes is also changed. The Wood arc dynamo
has an armature of the closed coil type, requiring a commutator
of many segments with but a small potential between any two
adjacent ones. The machine operates by generating full pressure
at all times and by automatically setting the brushes to take off as

Fig. 51
If a loop of wire or other conducting material be located as
shown in Fig. 51, so that it surrounds the magnetic field in an
air gap between the poles of a magnet, any attempt to pull the
loop out of the position shown, will cause some part of the wire to
cut the magnetic flux and induce an electro-motive force in the loop.
This in turn will force the current through the loop and cause a
magnetic pull between the flux and the loop, in opposition to the

1135

ELECTRIC. R AILROA DI N G.

ELECTRIC RAILROADING.

effort made to displace the loop from its flux enclosing position.
The reverse of this is also true, and forms the position underlying
the operation of the electric motor. If the loop be opened at the
ends, so that the current may be introduced into it from an ex-

arranging them so that they can rotate within the magnetic field.
Fig. 53 shows a coil of two convolutions connected to two commutator segments and Figs. 54 to 57 show single loops similarly
connected and occupying different positions in the magnetic
field. At d, two arrow-heads are shown, to indicate the points
of contact at both the front and back ends of the commutator.
If current be passed through the loop when it is in the
position shown in Fig. 54 it will be immediately pulled around
to the position shown in Fig. 55. Reaching this position, the
brushes c and d touch both commutator segments, and the current
passes from brush to brush through the segments instead of the
loop. The momentum of the latter, however, will carry it past
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Fig. 53
Fig. 52
ternal source, and then its position be changed to one unsymmetrical with the magnetic field, as indicated in Fig. 52, the passage
of current through it will cause it to be either drawn into the
position of Fig. 51 or forced out of the magnetic field, according

Fig. 56

Fig. 54

Fig. 57

this " dead center " and the instant that is done, the current will
flow through the loop, in the opposite direction, as shown in Fig. 56,
and the loop will be drawn by the magnetic field around through
a half revolution to the position shown by Fig. 57, which is 180°
from that shown in Fig. 55. Here the commutator reverses the
current in the loop again, so that it is drawn around to the position
shown in Fig. 55 again, and so on, as long as current is supplied to
the loop and the magnetic field is maintained.
The movable part, or the armature, of a motor is exactly
like that of a dynamo, consisting of a cylindrical iron core on
which a large number of current-carrying loops are mounted. In
an actual machine, therefore, every time the brushes pass from
one commutator segment to the next, the direction of the current
through the coil connected to those two segments is reversed. An

Fig. 55

to the direction in which the current flows through the wire.
With current flowing as indicated by the arrows in Fig. 52 the
loop would be pulled up in the position as shown in Fig. 51, the
polarity of the magnet being as indicated by the letters N, S.
As in the case of the dynamo, continuous motion by the
movable current carrying loops or coils of a motor is obtained by
I
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analysis of the armature circuit will show that this occurs always
when the coil has reached a position where there is no longer any
pull or " torque " between the magnetic field flux and the current
in the coil. Fig. 58 is a diagram of a 16-coil armature having
only one turn per coil, like the loop of Figs. 54 to 57, the brushes,

Fig. 59

A, B, being represented as being located inside the commutator
barrel in order to avoid obscuring the connections of the winding.
The disposition of each pair of coincident coils is as indicated
in Fig. 59.
Assuming that current enters the armature at the brush
B, and returns to its source at brush A, Fig. 58, the armature

back—away from the observer—while the current in all the wires
on the other half will flow towards the observer. This direction
of flow is opposite to that indicated in Figs. 54 to 57; consequently the armature will revolve oppositely to the direction of
the loop in the latter diagrams. As fast as a coil reaches the
position occupied by Nos. 7 and 15 in Fig. 58, it is cut out of
circuit and when it is restored again, on the other side of the
" dead " line, the current flows through it in the opposite direction
as shown in Fig. 60, which shows the armature after passing
through of a revolution from the position in Fig. 58. Consequently, in this ease, the current always flows from front to
back in all wires on the right-hand half of the armature periphery.
The result is a continuous torque between the magnetic field and
the armature wires, always in the same direction, rotatively.
The actual pull or torque exerted by the magnetic field upon
each wire of a motor armature is given by the formula:
13 c
—Torque per wire
11,302,363

in which B is the average density of the magnetic field in lines
of force per square inch; / is the length of the armature core
parallel with the shaft, and c is the current carried by each wire
(in a two-pole machine, one-half of the current entering at the
brush). The total torque exerted, therefore, will be:
Blwc

11,302,363

Fig. 60
will revolve in the direction indicated by the large arrow above it,
and the path of the current through the winding will be as indicated by the small arrow-heads on the commutator connections.
It will be obvious that the current in all of the wires on the lefthand half of the armature periphery will follow from front to
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—Torque in pounds

in which formula, w represents the total number of wires all
around the circumference of the armature.
Speed Conditions. Practically any direct current motor, if
current be supplied to it, will operate as a motor, but the motor
will not necessarily run in the same direction as it did as a
dynamo. For example, a series dynamo when operated as a
motor, will run in the opposite direction from that which it had as a
dynamo, and to make it turn in the same direction it is necessary
to reverse the direction of the current through the fields or
armatures. A shunt machine used as a motor will turn in the
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same direction that it had as a dynamo. Reversing the direction
of the current supplied to either the shunt or series motor will
not change the direction of rotation of either shunt or series motor.
To reverse them, it is necessary to reverse the direction of the
current running through either the field or the armature. The
compound motor, if the effect of the series coil is weak compared
to those of the shunt coils, will behave like a shunt motor. If the
series coils are stronger than the shunt coils it will act like a
series motor.
Series Wound Motors. Series wound motors are used only
for a special class of service, such as railways, cranes and hoists.
As the armature current passes through the field windings, a
series wound motor is capable of enormous starting torque, because the torque is proportional directly to the product of the
field strength and the armature current, and the field strength
and the armature current increase together. This feature makes
the series wound machine preferable for any work where a motor
must start up under full load or overload, where it is operated
intermittently and where it need not run at any constant speed.
The speed of a series motor depends entirely upon the load,
if the voltage is constant, and is determined by the field strength,
the electro-motive force at the brushes and the drop in the armature. The speed must be such that the counter electro-motive
force generated in the armature, is equal to the difference between
the brush electro-motive force and the internal drop of potential.
As the counter electro-motive force is proportional to the strength
of the field, variations in the latter will cause an increase in
speed with a decrease of current and rice versa.
The regulation of such motors is very frequently accomplished by cutting in and out sections of the field windings by
means of an apparatus usually called a controller; but in some
instances speed variations are obtained by varying a resistance connected in parallel with the field winding. Fig. 61 illustrates the
controller method, and Fig. 62 the resistance method. Both
methods are used on motors driving hoisting apparatus.
Street Car Motors. Street car motors are almost universally
controlled by a combination method known as a " series-parallel "
control, which consists of connecting two or more motors in series
or in parallel and shunting the field winding with a resistance
according to speed requirements. Fig. 63 shows the different

connections made by the controller usually provided on ordinary
surface-railway cars. Two motors are used on a car, and the
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controller has nine positions, which are commonly termed notches,

Fig 62

Fig. 61

because a notched wheel and pawl are employed to insure the
handle being brought to rest accurately, instead of being stopped
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Fig. 63
between some two of the proper positions. In the diagram, the
numbers down the ]eft-hand margin, under the word " Notch,"
indicate the notches or position" of the controller handle, and the
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connections effected at each position are shown alongside the
number of that position.
At the first notch the motors are connected in series with
each other and the resistance coil ; the next step short-circuits
part of the resistance coil, allowing more current to flow and increasing the impressed electro-motive force at the motor terminals;
the motors thereupon speeding up until the current is reduced to
a value just sufficient to give (in conjunction with the also reduced
field strength) the torque required to overcome the load. At the
third position, more of the resistance is cut out, and all of it is
out at the fourth position. No further increase in speed is
possible with the motors in series, except by cutting off some of the
field windings or shunting them; the latter operation is performed
in the fifth position.
It is necessary now, in order to get a still further speed
increase, to put the motors in parallel, so as to raise the impressed
electro-motive force at the terminals of each armature. But in
order to avoid doubling the impressed electro-motive force at one
step, and thus causing a sudden burst of high speed, the controller contacts are arranged to put back part of the resistance
in series with the motors and to remove the shunt resistances
around the field windings (thus strengthening the field) before
putting the machines in parallel. These changes are indicated
in the diagram as " intermediate changes," occurring as they do
while the controller is moving from the fifth to the sixth
notch. The progression beyond the sixth notch consists of
the same successive steps that occur between the second and fifth
position.
The letters T and G in the diagram indicate " trolley " and
ground ;" one terminal of the car wiring system being carried
to the trolley, and the other " grounded " on the framework of the
ear truck. The trolley establishes a moving connection with the
conductor which is located parallel with the track rails, and is
connected ultimately to one terminal of the dynamos which
supply the operating current. The track rails are connected to
the other terminal of the dynamos, and together the wheels and
truck frame of the ear constitute the other line conductors for
the motors.
Variable Speed Motors. Since the introduction of the electric
motor for the direct driving of machinery, there has been a de-
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mand for a motor which can be run at variable speeds under all
conditions of service. There are a number of variable speed
motors which have been built to answer various purposes but they
all seem to have some requirement that is lacking. One arrangement for giving different speeds, which has been used satisfactorily
in silk and cotton mills, is known as the comulative winding.
The motor in this case is compound wound, the lowest speed being
obtained when it is run as a compound motor, other speeds being
obtained by short-circuiting portions of the series 'winding and
the fastest speed being obtained by running the motor as a shunt
machine with all the series field cut out.
When driving machine tools, such as lathes and drill presses,
a larger range of speeds than is obtained by the emulative winding is required, together with non-sparking under heavy loads,
constant speed at all loads for which the motor is adjusted, and
reversibility. One method which is said to do this satisfactorily
is known as the inter-pole method, by means of which sparkless
commutation is said to be obtained, the speed can be set at almost
any point between the limits and the power output of the machine
is constant.
In the usual constant speed motor, the two main causes of
sparking are self-induction of the short-circuited coil passing
under the brush and the action of this coil in generating
an electro-motive force by cutting the lines of force of the armature field. These causes are overcome in part by the resistance
of the carbon brushes and by the placing of the brushes so that
the short-circuited coil cuts the lines of force thrown out by the
main field in such a manner that the main field is used in preventing lines of force from the armature field from passing out in
the region of the short-circuited coil, thus generating such electromotive force in the short-circuited coil as will aid in the reversal
of the current as the coil passes under the brush.
With the variable speed motor, however, these means are
entirely inadequate. The reduction of the field strength necessary
to obtain high speeds prevents its use in overcoming the magnetic
field of the armature. The armature field is, therefore, not only
present but the increased speed of the armature makes it become
so large that the carbon brush cannot overcome it. The higher
speed also increases the electro-motive force of self-induction so
that it becomes impossible for the carbon, brush to reverse the
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current in the short-circuited coil, and consequently there is destructive sparking.
This sparking is overcome in the inter-pole method, as shown
in Fig. 64 by placing small poles between the main poles and
generating a magnetic field independent of the main field of the
motor. The inter-poles are provided with coils connected in
series with the armature, so that the current flowing in the armature flows through the coils of the auxiliary field, thus producing a proper field for commutation. The auxiliary poles
produce a field independent of the main field, so that the
weakening of the field of commutation caused by an increased
load or increased speed is prevented. When the direction of

into classes : shunt wound for approximately constant speed
and series wound for variable speed. There are, however, numerous combinations of the two types of field windings, forming a
third class known as compound wound motors.
Alternating-current Motors. Alternating-current motors may
be divided into two general classes : the induction motor and the
synchronous motor. In operation the induction motor operates
similarly to the constant potential direct-current shunt motor ;
that is, if the strength of the rotating field were maintained constant, the slip, the rotor electro-motive force and the rotor would
vary with the load. The rotating field does not, however,
remain constant under varying loads. As the load increases, more
and more of the field flux becomes useless for turning the rotor,
and the slip becomes greater and greater as the load increases.
The speed of an induction motor is varied by altering the voltage,
by altering the resistance of the rotor circuit, or by commutating
the stator winding so as to alter the multipolarity.
Any excited single-phase or polyphase alternator, if brought
up to speed, and if connected to an electro-motive force of the
same frequency and approximately the same voltage will operate
as a motor. The speed of the motor in revolutions per second will
be the quotient of the frequency by the number of pairs of poles.
This speed is called the synchronous speed and the motor when it
has attained that speed is said to be running in synchronism. This
exact speed will be maintained throughout wide ranges of load up to
several times full load capacity. Whether the synchronous motor
is single, two or three phase, it has the same general characteristics,
the number of phases being taken care of in the design of the motor.
Direct Current Motor. Coming back to the direct current
motor, shunt-wound motors should be used where an approximate
constant speed and variable torque are required and the serieswound where the speed and torque are both variable. The compound wound motor is a combination of the shunt and series
machine. Its most important use is where a very heavy starting
torque is required and where occasional heavy loads must be
carried, such as for motors connected to punches, shears or bending
rolls. In these cases it is customary to give the motor just enough
shunt winding to prevent its attaining a dangerous speed when the
load is thrown off. In some cases a controller is furnished with
compound-wound motors, which varies the number of series turns
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Fig. 64
rotation of the armature is reversed, the current in the auxiliary
field is reversed, so that its function is not altered.
The speed of the motor is changed in the usual manner of
cutting resistance in or out of the field circuit, in which case the
power of the machine, which is the product of the torque and the
speed, is constant.
WHERE DIFFERENT TYPES OF MOTORS
SHOULD BE USED.

Modern electric motors may be divided into two general
classes: those operated by direct current and those operated by
alternating current. Direct-current motors may be subdivided
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on the field. A motor with this regulation should only be used
when the speed does not matter or where the torque required
remains constant.
For driving a pump, a compound motor possesses the desirable feature of giving a strong starting torque with the least
starting current, especially in cases where the momentum of a
large body of water must be overcome. For traction purposes,
the method for attaining speed control is accomplished by what
is known as the series-parallel system. For slow speeds the motors are connected in series and for higher speeds in parallel,
series motors being used.
Induction Motor. A motor which has sprung into wide use
during the past ten years is the induction motor. The two attractive features of this type of motor are its simplicity and its
ease of starting. The two methods usually employed for starting
polyphase motors are by means of a low initial voltage or a
variable resistance in the secondary. Motors having a fixed resistance in the secondary winding are started by applying to their
terminals an electro-motive force lower than normal, which is
secured from two small transformers. As the motor comes up to
the speed the switch is thrown over, connecting the motor on the
full potential for which it was designed. In motors with a
variable resistance in the secondary, the full potential is thrown on
the primary; but a resistance is inserted in the secondary winding
which is cut out as the motor comes up to speed.
Synchronous Motors. Synchronous motors do not have sufficient torque at starting to satisfactorily come up to speed under
load. They are therefore usually brought up to synchronous
speed by some auxiliary source of power. In case of polyphase
systems, an induction motor is very satisfactory. Its capacity
need be but one-tenth of that of the large motor. Before connecting a synchronous motor to the mains it is necessary that the
motor should not only be in sychronism but should have its
eleetro-motive force at a difference of phase of about 180° with the
impressed electro-motive force. To determine both these points,
a device known as a synchronizer is employed. It sometimes consists of an incandescent lamp connected in series with the secondaries of two transformers, whose primaries are connected respectively with the line and with the motor terminals. The brightness with which the lamp glows is a measure of the phase differ-

ence between the two electro-motive forces. It is customary to so
connect the transformer that when the motor electro-motive force
is at 180° with the line eleetro-motive force, the lamp will have
its greatest brilliancy. As a motor is coming up to speed, the
lamp will be alternately bright and dark. The alternations will
grow slower as sychronism is approached and will finally be slow
enough to permit the closing of the main switch at the proper
instant.
Owing to their different starting characteristics, the induction and synchronous motors are used under different conditions.
The induction motor, on account of the greater ease with which
it starts, is used where the motor is required to stop and start
frequently. The synchronous motor, on the other hand, is used
where the motor having once been started can be left running, its
power being applied by clutches or by the regular system of line
shafting.
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DYNANOTORS, MOTOR-GENERATORS AND BOOSTERS.
Dynamotors. A dynamotor is a transforming device equipped
with two armatures or two separate windings on the same armature, the latter being the more usual arrangement. They are
equipped with a commutator at each end, which are connected
with the two windings respectively. These machines are used
for transforming direct current at one voltage into direct current
at another voltage. Either winding of the armature may be used
as a dynamo winding and the other as a motor winding.
Dynamotors are used extensively in electro-plating establishments where voltage of from 5 to 10 volts is required; in
telegraphic work, to take the place of batteries; in telephone
circuits they are used for the purpose of charging storage cells; in
fact in any place where a different direct current voltage is required from that supplied from the mains.
Motor-Generators. A motor-generator is a transforming device consisting of two machines, a motor and a generator mechanically connected together. They have the advantage over dynamotors in that the voltage of the dynamo armature can be made
to assume almost any value within limits by means of a resistance
placed in series with its field winding and capable of variation.
They can furthermore, besides being separately excited, be shunt
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or compound wound. They are also used for charging storage
batteries, in electro-plating establishments and for work requiring a variable direct current voltage.
Boosters. A booster is a machine inserted in series in a
circuit to change its voltage and may be driven by an electric
motor or otherwise. These machines are used extensively on
Edison three-wire incandescent lighting systems which supply
current at a constant potential. Feeders which run to feeding
points at a great distance, if supplied by current from the same
busbars as shorter feeders, will have too small a voltage at the
feeding points to give satisfactory service. A booster with its
field and armature windings in series when inserted in series in
the feeder circuit will add electro-motive force to the feeder in
proportion to the amount of current flowing in the feeder; that
is, as the current increases, the field excitation of the booster increases and therefore the electromotive force produced in the
armature increases. A booster may therefore be so designed as
to just compensate for any drop in the potential which is due to the
resistance of the feeders and the current passing through
them. As all the current. must pass through the booster armature,
the commutator must be large and the whole machine designed
to carry heavy current.
Boosters are also used in trolley power houses to raise the
voltage which is supplied to the feeders connected to distant sections of the line. They are also used in office buildings in connection with the elevator service. The excessive currents demanded by elevator motors on starting cause wide fluctuations of
the voltage of the mains. A booster inserted in these mains may
be made to raise electro-motive force in the mains when the 'voltage
drops. Boosters are often operated in conjunction with storage
batteries when the battery is allowed to " float " on the line.
With this arrangement, when the voltage of the system tends to
rise because of light loads, the battery receives current and is
charged from the main dynamos; when, however, a large current
is demanded, the battery discharges into the mains and assists
the work of the dynamos. A booster is generally used to assist
the regulation of the voltage.
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ARC AND INCANDESCENT LAMP LIGHTING.

Up until a few years ago, the carbon filament lamp and the
are lamp were the two forms of lamps which were mostly used to
transform the electric current into useful light. But with tho
advent of 1906 there has come into the lighting field the metallic
filament lamp, the tantalum lamp, the osmium lamp, the Nernst
lamp, the mercury arc lamp, and the magnetite arc lamp.
The bulk of the lighting of the interiors is still done by the
carbon incandescent lamps, and exterior lighting is mostly done
with lamps having carbon arcs. The principal advantage of the
newer form of lamps is that they give more light per unit of power
than the older types but they have the disadvantages, at the present
time, of being more costly and having a shorter efficient life.
The Incandescent Lamp. The carbon incandescent lamp as
perfected to-day consists of an entirely closed bulb, a filament of
carbon inside the bulb, and two terminals on the outside, to which
the filament is attached by " leading in " wires, which pass through
the glass, the latter being sealed around the wires. The name
of incandescent is attributed to the fact that when the current is
passed through it, its resistance is such that the current raises its
temperature to white heat or incandescence.
Construction. The carbon filament is made of cellulose,
which is a solution of absorbent cotton in chloride of zinc. In
this form it is a heavy, viscous, semi-transparent liquid. This
is evaporated until it becomes as thick as molasses, and is then
squirted through a fine nozzle, or forming die, into a tank of
alcohol. This hardens it into a long, thin thread which can be
handled. It is then washed, dried and cut into .proper lengths,
after which it is carbonized at a very high temperature, care being
taken that no air is admitted to the filament during this process.
The filaments are then ready for the " flashing process."
When a filament has been carbonized, it is found that its
cross-section is smaller in some places than at others. The effect
of this would be that the small section, having more resistance
than the large section, would glow more brightly when the current
is passed through it. In the " flashing process," the carbon filament is allowed to come to incandescence in the hydrocarbon
vapor. The heated surface of the filament decomposes the vapor,
and carbon is deposited on portions of the filament which glow
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the brightest, and the result is a filament which is uniform in
resistance, uniform in brilliancy and more durable.
The finished filament is then mounted on the ends of two
pieces of platinum, which have been previously sealed into a piece
of glass, that ultimately becomes the enclosing part for the neck
of the bulb. The bulb proper is then placed over the filament and
sealed to a glass piece containing the filament, as shown in Fig.

Fig. 65

Fig. 66

CROSS SECTION OF LAMP READY EXHAUSTED LAMP WITH BASE
FOR EXHAUSTION.
READY FOR USE.

65. The bulb is then closed with the exception of the top, from
which a tube extends, which is used for exhausting the air from
the bulb so that a vacuum will exist around the filament. The
air is withdrawn, because if the filament was heated in air, the
oxygen of the air would combine with the carbon, and cause
combustion, with the consequent destruction of the filament.
Another advantage obtained by putting the filament into a

4

vacuum is that there is no heat•conducting medium between it and
the bulb, so that all the heat that is generated in the filament goes
to produce light, a very small portion being lost by conduction.
If there was any gas or vapor in the bulb it would conduct heat
to the glass walls, and, consequently, give less heat to the filament
for producing light. The fact that the bulb is seldom over 150
degrees, while the filament has a temperature of 2800 degrees,
is proof that there is very little heat lost by conduction.
Notwithstanding the fact, however, that the filament is in a
vacuum, the filament deteriorates and disintegrates. Just what
causes this action is not exactly known, but small particles of carbon
fly off from the filament and deposit themselves on the bulb,
causing a gradual darkening of the glass, which, in oil lamps,
can be plainly seen. After the air is exhausted from the bulb
by the air pumps, any small amount of oxygen that is left .is
destroyed chemically, and the bulb is sealed by heating the tube
which forms the tip of the bulb. The wires that lead into the
bulb are made of platinum, because that metal has the same coefficient of expansion as the glass. If a metal were used that did
not have the same amount of expansion, either the metal would
expand too much and break the glass, or it would not expand as
much, allowing the air to enter. In either case, the result would be
the destruction of the lamp.
The wires leading to the outside of the bulb are then connected to the metal base of the lamp and the glass cemented to the
base by plaster of Paris, as shown in Fig. 66. There are different
styles of lamp bases used, of which the Edison, the ThompsonHouston and Westinghouse are the most in use. The lamps are
then tested to find at what voltage they will give the candle power
for which they are intended.
Carbon when it gets hot differs from all other conductors
of electricity inasmuch as its resistance decreases as the temperature increases, while with other metals the resistance increases
with the temperature. For this reason, the ordinary filament
will have one-half of the resistance when hot that it has when cold.
The lamps are therefore tested by bringing the voltage up to the
point where they will give 8, 16, 32 or whatever candle power
is required, they being labelled 8 C. P. at 108 volts, 16 C. P. at
120 volts, or whatever combination is found to be the most desirable for the lamp.
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Candle Power. The candle power that a lamp gives out
differs with the position from which it is viewed, so that, generally, when speaking of the candle power of a lamp, it means
the number of candle power looking at the filament broadside on or
with the plane of the filament at right angles to the line of
observation. This candle power is obtained by means of an
arrangement called a photometer, where the lamp under test is
compared with some standard flame or light whose brilliancy is
known never to vary. In the olden days, the sperm candle was
the unit of light, which was supposed never to vary, and for this
reason, the term candle power has come to be so widely used. A
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RELATION OF CANDLE POWER AND LIFE.
sperm candle, in reality, is a very uncertain standard, so that a
flame from a spirit or oil lamp is now generally med.
Since the illuminating power is rated in candle power the
power consumption of the lamp is stated in watts per candle
power. This power consumption of a lamp is by no means constant, as it varies continually with the number of hours the lamp
is in service. When a new lamp is put into circuit, it usually, for
a short time, gives a somewhat greater candle power than that at
which it is rated, usually about 6 per cent to 8 per cent more.
This gradually falls off, and the candle power is the lowest at
the end of its life. This is plainly shown by the curve of a 16
candle power lamp shown in Fig. 67.
The decrease in candle power is not followed by a proportional
decrease in current, because the filament gradualy wastes away,
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and this, together with the blackened bulb, causes the candle power
to fall without materially changing the current passing through
it, as the electro-motive force at the terminals is constant.
Efficiency. The efficiency at which a lamp is run affects
both the candle power and life of a lamp, the efficiency depending
upon the voltage at which the lamp is burned. If a lamp is burned
at a comparatively high voltage, the number of watts required
per candle power is less, but the life of the lamp is materially
shortened ; but if the lamp is burned at a low voltage, which will
give the filament a dull red appearance, then the life of the lamp
may be almost indefinite, but the number of candle power obtained
from the number of watts used will, cause it to be very inefficient.
For instance, suppose a 16 candle power lamp gives the ordinary
efficiency of 3.5 watts per candle at 110 volts. Under these
regular conditions, the life of the lamp may be 600 hours. If
the voltage is increased to 115 volts, the candle power will increase
so that the power consumed may be only 3.0 watts per candle
power, but the life of the lamp may be lessened to only 300 hours.
On the other hand, if the voltage was reduced to 105 volts, it is
probable that the candle power would be so small that it would
require 4.5 watts per candle power, but the life of the lamp under
those conditions may be as much as 2000 hours or more.
Since the price of an incandescent lamp is now so small,
this factor of candle power, Life, the efficiency is one of supreme
importance in the running of an isolated lighting plant. The
conditions are something like these: A certain amount of power
is generated to produce light, and a certain number of lamps are
used to give out that light, and the question continually arises as
to what is the voltage at which to run the lamps. If run at a
low voltage, the lamps will be dim and inefficient, but the life of
the lamp will be very long, and the cost of lamp renewals very
small. If run at a high voltage, the lamps will be very bright and
efficient, but the cost of new lamps will be great.
The choice of efficiency or voltage at which the lamps are
to be run depends upon the cost of the power. If coal is cheaper,
it pays to burn the voltage at a low voltage and long life. If coal
is dear, the lamp burning at high efficiency should be used,
provided that there are no great fluctuations of voltage on the
circuit for which the lamp is intended, as this shortens its life
very much. If all the exhaust steam from the engine is used
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for heating purposes, then it is probably more desirable to use the
low efficiency and long life lamps.
The Nernst Lamp. A form of electric lamp which has more
recently become a serious competitor to the carbon incandescent
lamp was put in actual service by Prof. Walter Nernst, and is
therefore known as the Nernst lamp. It has instead of the carbon
filament of the ordinary incandescent lamp, a short strip of
material which at ordinary temperatures is a non-conductor, but
which at high temperatures becomes a fairly good conductor and
a luminant. The " glower," as this strip is called, is made of a
mixture of oxides and magnesium, zirconium, thorium, and
cerium ; it is made up in small sticks, one of the standard sizes
being about 0.03 inch in diameter, and one inch long. As it is

breaking the heater circuit but leaving the glower in circuit.
When the lamp is turned off, the armature fails back into the
position in which it is shown in the diagram, and is ready for
operation when the lamp is to be lighted again.
Since the resistance of the material of which the glower is
made decreases as the temperature rises, some means must
Trovided to prevent the fall in resistance from continuing to the

11:52

made of non-combustible materials it is not necessary to enclose it
in a vacuum.
As the glower is not a conductor at the ordinary temperatures
a small coil of wire, heated by the passage of current through it,
is employed to bring it to a temperature at which it becomes a
conductor at 1750° Fahrenheit. The heater coil is of fine
platinum wire wound on a thin porcelain tube and imbedded in
cement, the latter serving as a protection to the platinum wire
from the intense heat of the glower after the latter has become
white hot. Fig. 68 shows a diagram of the lamp and connections,
which shows that the glower and the heater coil are connected in
parallel. When the lamp is thrown into circuit, current flows
through the heater coil, which attains a high temperature and
in a very few moments heats the glower to the conducting point.
As soon as enough current passes through the glower to " light "
it, the magnet, m, is strongly enough excited to raise its armature,
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point where the enormous current would flow, and destroy the
t_,lower, and possibly the connections. This is accomplished by
putting in series with the glower a resistance coil, 1,, known as

Fig. 69
the " ballast," and made of material which increases its resistance
as its temperature rises, and thus compensates the fall in the
resistance of the glower. The " ballast " is made of iron, which
is used on account of its high temperature co-efficient; that is, its
rapid increase in resistance due to its rise of temperature. Consequently a 'point is soon reached at -which any increase in current
would increase the resistance of the glower, and when this
condition is obtained no increase of current can occur, the lamp
being invariably used on a constant-potential circuit.
The glower is not subject to oxidation, hut on a directcurrent circuit it deteriorates rapidly because of electrolytic action,
a black deposit being made on the negative end which e,-;tends
74
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gradually from the negative to the positive terminal. As this
deposit increases the resistance increases, while the candle power
and efficiency fall off. With alternating current there is no
electrolytic action, but the glower deteriorates mechanically on
account of the intense heat. The life of a glower on alternating
current is from 400 to 800 hours, according to the rapidity of
the current reversals; the life of the same glower on direct current
being much less. Most of the deterioration occurs just before the
glower breaks, so that the candle power remains high until near
the end of its life.
Lamps are made with one, two, three, six and thirty
glowers, all connected in parallel; these give an illumination of
from 25 to 2,000 candle power, and require from 14 to 2 watts
per candle power. Fig. 69 is a diagram of connections for a sixglower lamp, in which 1 and 2 represent the line terminals; 3, the

and the heater was rut out; the current then dropped at once to
ampere. The remaining glowers lighted rapidly from the heat
given out from the first two, and at the end of 40 seconds, all the
glowers were lighted.
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The Tantalum Lamp. The newest commercial vacuum in-

Fig. 71
candescent lamp is the tantalum shown in Fig. 73. The filament is
made from a rare meta[ known as tantalum and it gives a beautiful
white light on about 2 watts per candle power, compared with 3.5
watts for the carbon incandescent lamp. It cannot be used on
25
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cut-out magnet coil ; 4, a double-pole heater cut-out; 5,
the heater ; 6, the glowers; 7, the ballasts; of which there is one
for each glower. Fig. 70 shows the parts, except the globe, of a
single-glower lamp, and Fig. 71 the holders for the six, two and
three, and one glower lamp.
It is of interest to note what takes place in the lamp during
the time of lighting, and Fig. 72 shows by means of a curve the
current taken by a six-glower, 220 volt lamp during the lighting
period. As the current was turned on, there was a sudden rush
of nearly 31 amperes through the heater, which, however, owing
to the resistance of the platinum wire was soon reduced to about
1.3 amperes. At the end of about 26 seconds the first glower
began to light, at the end of 30 seconds the second glower lighted
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alternating current circuits, but only on direct current circuits.
It has a life of about 600 hours and its cost is about three times
that of the carbon incandescent lamps.
Metallized Filament Lamps. A large number of lamp manufacturers in order to meet the demands are now producing what
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are known as metallized filament ]amps. These lamps are similar
to the ordinary carbon filament lamps except that the filament is
treated with graphite, thus increasing its light-giving power.
Lamps of this type give a candle power with 2.8 watts consumption and have a life which compares favorably with the carbon
lamp.
Mercury Vapor Lamps. In these tamps the light is produced
by a column of mercury vapor which is volatilized by the heat
of the electric current. The tube contains a vacuum and must be
tilted in order to make it start. This starts an arc by permitting

particular form of light wave within the tube giving a uniform
glow of pleasant character. No center of light appears and the
diffused radiance makes it desirable for indoor illumination, as
it practically casts no shadow. The tube usually extends all
around the room in the form of a rectangle, and the absence of
wires, except where it enters and leaves the tube at one end, makes
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Fig. 75

Fig. 74

it desirable for ornamentation. The tube is suspended by brass
clamps and the light is estimated in candle power per inch or
foot of tube. The method of suspension is shown in Fig. 75.
THE ELECTRIC ARC.

Fig. 73
a thin stream of mercury to volatilize between the electrodes and
the light continues so long as the current is not interrupted.
The efficiency of this lamp is quite high, and it is being used for
lighting factories, warehouses and docks. On account of the fact
that the light gives out no red rays, it cannot be used for
ornamental or domestic lighting on account of the peculiar effects
it has on the red colors. A mercury vapor tube is shown in
Fig. 74.
Vacuum Tube Lighting. A form of illumination which gives
very pleasant effects is obtained from a long vacuum tube which is
filled with a certain gas. Alternating current is used, which acts
upon the gas in a peculiar manner, and is transformed into a

If two pieces of carbon, or similar material, be connected
electrically to the terminals of a dynamo or other source of current, and the free ends of the carbon touch together, current will
of course flow through the closed circuit thus established. Now if
the pieces of carbon be drawn out of contact with each other, and
separated to a limited extent, such as l f inch, an arc will be formed
between the two carbon ends, owing to the vaporization of the
carbon by the intense heat of the spark which is caused when the
circuit is first broken. Opening a circuit always causes such a
spark, but an arc will not be established unless there is sufficient
electrical energy available at the break to vaporize the conducting
material there.
An arc formed between the pieces of carbon gives out an

ELECTRIC RAI LRO A I )1 NG.

ELECTRIC RAILROADING.

intense light, the color effect of which depends upon the length
of the arc, quality of the electrodes and strength of the current.
In general, taking the white arc as the starting point, increasing
the length of the arc or decreasing the current will cause the arc
to take on a violet tinge; on the contrary, a white arc takes on
a yellowish tinge and then a reddish one, if the length of the
arc be decreased. The inner part of the flame is of a violet color,
and this is surrounded by a sheath of yellowish flame, in which the
carbon vapor is apparently burned to carbonic acid gas. The
carbon tips are white-hot at the center and red-hot at the ends.
Decreasing the current in an.arc of normal length decreases
the white-hot area on the ends of the carbons and also decreases
the combustion of carbon vapor, allowing the violet rays from the
" core " of the are to predominate. Increasing the length of the
arc has the same effect because the violet " core " is longer and
the average temperature of the carbon tips is reduced. Shortening
the arc reduces both the rays and the area of white-hot carbon
that is visible (the edges of the carbon tip partly shielding the
center) allowing the yellow rays from the burning carbon vapor
to predominate; further shortening reduces these rays and still
further shields the white-hot centers of the carbons, leaving the
red-hot ends of them to supply practically all of the light. With
an are of normal length, increasing the strength of the current
will ir.erease the white of the arc and the quantity of light emitted.
In applying the electric arc to practical illumination, round
carbon pencils or flat strips are used, butted end to end and
mounted ► 'ertically. The carbon to which the supply wire is connected is known as the positive carbon, and the other one is the
negative carbon. The upper carbon of the pair is made the positive one, for the reason that the principal consumption of energy
occurs at the center of the end of this carbon and it throws the
carbon particles off in such a manner as to hollow out the end and
form a Crater, the center of which is the most luminous part
of the arc. If this carbon were the under one, the edges of the
crate' would shield the chief source of illumination.
The two carbon tips burn to the shape shown by Fig. 76. A
large proportion of the carbon particles detached from the positive
electrode are carried over and deposited on the negative tip,
building it up as shown, and partially compensating for the waist-

ing away due to combustion. Because of this action the positive
carbon is consumed nearly twice as fast as the negative one.
The wasting away of the carbon rods necessitates the continual
adjustment of the relative positions of the two so as to keep the
distance between the tips practically constant; otherwise the arc
would grow longer and longer until it finally " broke " and be
discontinued on account of the high resistance of its path.
This resistance, like that of any other electrical path, is
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Fig. 76
proportional to the length of the arc and inversely proportional
to its mean effective cross-sectional area and to the quality of the
material in the path. These values are very difficult of determination, but fortunately are not of very great practical importance.
With 9.6 amperes passing, the resistance of an arc per inch of
length (distance from the crater center to the negative crest).
is roughly 4 to 5 ohms, but it is not affected by the current
density per square inch of crater area, as this affects the rate of
vaporization of carbon, and consequently the conductivity of the
path.
The amount of light given out by the arc of a commercial
lamp depends almost entirely upon the current strength and the
length of the arc. The effective illumination depends wholly upon
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the angle at which the light rays are received from the arc. The
maximum is usually found at an angle at 40° to 50° below an
imaginary horizontal line drawn through the center of the arc,
as shown in Fig. 77, and is about 2,000 candle Dower in the case
of an ordinary 9.6-ampere are surrounded by a clear globe.
Regulating Mechanisms. One or both the carbons of an arc
lamp must be constantly adjusted as the tips burn away, in order
to keep the length of the arc approximately constant. This
adjustment is accomplished by means of electro-magnets and suit-

" the carbon-rod," and the lower carbon is held stationary in a
socket attached to the lower part of the lamp frame. Both types
are used on the constant potential circuits.
in the simple shunt type of lamp shown. by Fig. 78 the upper

able mechanism. There is also the operation of starting the are
to be done automatically. There are two types of arc-lamp
mechanism designated " shunt " and " series," the regulating
magnets of which are connected respectively in shunt and series
with the carbons.
Fig. 78 represents diagramatically the elements of a shunt
lamp mechanism, and Fig. 79 represents similarly the " series "
lamp mechanism. The diagrams show the ordinary form of the
arc lamp in which the upper carbon is held in a socket at the
lower end of a sliding rod or tithe which is commonly designated
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Fig. 79
Fig. 78
carbon is held out of contact with the lower carbon by the spring,
S, and the clutch, c, when the lamp is not in circuit. When it is
connected to the circuit the current flows from the positive
terminal, marked --r, through the solenoid to the negative terminal.
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serting an appreciable resistance in series with the arc. The
resistance of ordinary conducting materials increases as the temperature increases, consequently, an increase in current through the
resistance coil, 11, will cause its resistance to increase slightly.
This tends to compensate for the decrease in the resistance of the
arc when the current increases, and vice versa.
In the series type of lamp represented by Fig. 79 the carbons
are in contact and the clutch is free when the lamp is out of
circuit. As soon as the lamp is thrown into circuit, current passes
through the solenoid winding and the carbons in series, energizing
the solenoid and causing the same to jerk the clutch lever upward,
pulling the shoe, s, into its gripping position, and through it
raising the entire clutch and carbon rod together until the arc
attains the normal length and reduces the rush of current to its
normal value, when equilibrium is attained between the upward
pull of the solenoid and the downward pull due to the weight of the
moving parts and the tension of the small spring, x. This lamp is
used only on constant-potential circuits, and the current passing
through the lamp depends solely upon the resistance of the lamp
circuit. Consequently, as the carbons burn away and the are
lengthens, increasing its resistance, the current. decreases, weakening the solenoid, and allowing the carbon rod to feed downward
until equilibrium is again established. This continues at small
intervals until the clutch is almost in contact. with the tripping
block, after which the feeding is accomplished by the release of
the grip of the clutch on the carbon rod, as in the case of the
shunt lamp.
Arc lamps which are connected in series on a constant current
circuit. are -provided with the regulating mechanism which
is similar to those used in constant potential practice. One type
of lamp commonly used is shown in Fig. 80 and is known as the
differential lamp. When no current is on the lamp, the carbons
are in contact as shown, but as soon as the current passes through
the lamp the solenoid is magnetized by means of its series winding
and picks up the carbon rod forming the arc between the two
carbons. When the carbons have been separated to the normal
distance, the current through the shunt winding of the solenoid
will have increased to such a value as to neutralize the series
winding sufficiently to produce a state of equilibrium. As the
carbons burn away the shunt winding becomes stronger so that the

The solenoid being thus energized, draws down the lever of the
clutch shoe, s, allowing the light helical spring x to draw down
the body of the clutch until it strikes the trip, t, which prevents
the main part of the clutch from going any lower; the solenoid
plunger continues downward, however, tilting the shoe, s, on its
pivot until it releases the carbon rod and allows the upper carbon
to drop on the end of the lower one. Current immediately passes
through the two carbons, which short-circuits the solenoid, and
thereby prevents the spring, S, from pulling the carbons far enough
apart to break the arc. A state of equilibrium is established
when the arc is at its normal length, the springs, S, and x, being
made adjustable for this purpose.
As the carbons burn away, the length of the arc is increased,
thereby increasing the difference of potential across the carbons
and consequently at the terminals of the solenoid winding,
strengthening the solenoid, and causing it to pull the clutch and
carbon rod downward until equilibrium is again restored. This
process, which is known as feeding, continues until the clutch has
been pulled downward almost into contact with the tripping
tongue, t. The next time that feeding becomes necessary by
reason of the burning away of the carbon, the solenoid pulls the
clutch downward, the body of it comes in contact with the trip,
and as it cannot move any further downward, the shoe, s„ is
tilted, releasing its grip on the carbon rod and allowing the latter
to feed. The feeding process is intermittent, but both the time
intervals and the feeding of the carbon are reduced to infinitesimp.1
increments in the well built lamp, the adjustment being so delicate
that the solenoid restores the arc to its normal length before the
carbons have burned away sufficiently to cause the increase in arc
length to be noticeable.
The resistance coil, R, is necessary for two reasons: without
it the electro-motive force at the terminals of the solenoid would be
constant (the electro-motive force at the lamp terminals being
constant) and no regulation would be possible. With the resistance coil in circuit, however, variations in the length of the arc
cause corresponding variations in the difference of potential at the
solenoid terminals. The resistance coil is also necessary for the
purpose of steadying the arc. The resistance of an arc decreases
with an increase of current, and it is, therefore, impossible to
maintain a steady arc on a constant-potential circuit without inN'
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resultant magnetic force exerted by the two windings is decreased,
allowing the carbon rods to feed downwards until the arc becomes
normal. Another form of differential lamp in common use has
the series and shunt windings separate, but so arranged that the
two solenoid windings have the same core, the series winding
pulling the clutch up, and the shunt winding tending to pull it

When current is turned in to the circuit, the series magnet
C raises the carbon F and starts the are at E; as the arc is
lengthened the pull of both series magnet and shunt coil is
equal, when the condition of the arc E will become steady. As
the carbons F and G burn off, the voltage across the are is
proportionately increased ; this causes the pull of the shunt coil
D to preponderate and carbon F is drawn down proportionately,
until the feed mechanism H and I is brought into action by
striking against the stationary ring J. K is an iron core common
to both series and shunt magnets, all movements of the core K
being transmitted to the carbon F and feed mechanism II I, by
the lever L.
In some special forms of lamps it is desirable to keep
the are fixed in one place, as in the ordinary type of lamp, the
position of the arc is gradually lowered. In such lamps the
upper and lower carbon are both mounted in sliding holders,
so that the lower carbon may be fed upward, while the upper one
is fed downward, causing the upper carbon to feed downward about
twice the rate that the lower carbon feeds upwards because the
upper or positive carbon wastes away about twice as rapidly as
the lower one.
In lamps operated on alternating current circuits the two
carbons are of the same length, the rate at which they are consumed
being approximately the same for both.
Practical Hints About Arc Lamps. When the lamp fails to
light, assuming that it has been properly trimmed, one or all
of the following causes may be looked for: 1st, the resistance
coil may be burnt out ; 2d, the magnet coils may be burnt out;
3d, the framework may be grounded, thereby preventing sufficient
current to flow through the carbons to produce an arc; 4th,
broken or grounded connections ; 5th, when the movable carbon is
continually in motion, thus preventing a steady light; 6th, when
the clutch fails to lift the carbon. These six difficulties will be
the principal ones met with in practice.
The mechanism of an are lamp may vary with different
manufacturers, but the underlying principles involved in its
operation will be found practically the same. Some lamps have
their resistance coils wound on separate spools, others have no
spools, while still others have their resistance coils wound on
one large spool. Again, some lamps are fitted with two magnet
,

Fig. Si

Fig. 80
down as shown in Fig. 81. A and B are the wires forming a
loop in the series, C is the series magnet, and bears the same
relation to the constant current lamp as it does to the constant
potential lamp, D is the shunt coil, E is the are, F and G are the
carbons. When there is no current flowing the carbons F and G
are together.
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coils, while other lamps are only fitted with one. The mechanism
of the carbon clutch also varies with the different lamps, as
do the dash-pots employed to resist or counteract the solenoid
magnet. The shell or outer casing varies in shape, the methods
for taking off and putting on are different; in some are lamps
the resistance coil must be removed before the outer shell can he
taken off, and in other cases the shell can be taken off without
disturbing the lamp mechanism. Then again the method employed

lower framework. Thus it will, be seen that the framework of the
lamp is divided into two parts and insulated from each other at D.
It follows, therefore, that when the carbons are inserted at Ml and
N, a passage for the current is provided, and if we procure a
mechanism to move the carbon M' upwards or the carbon N downwards, an are will form between the carbons and light will result.
If the carbons are moved only a slight distance apart, a poor are
will be obtained, accompanied with little light ; hence, to obtain a
more powerful light the length of the arc must be increased, the
amount of which will depend upon two factors, namely, the amount
of the resistance cut in the circuit at R and the lifting power of
the magnet M. If the magnet M is in good order and the arc
still remains short, too much resistance is cut into the circuit,
which must be lessened by moving the clip at 0, thereby reducing
the length of the resistance wire. The length of the arc should
now increase, and consequently a more powerful light should be
obtained. If the clip 0 is moved so as to increase the resistance
R, the arc will decrease.
Sometimes, no matter how much resistance is cut out, the
arc will not increase in length. In this case it will be found
that the magnet M is either wholly or partially burnt out, in
which case the magnet must be replaced by a good one. Before
discarding the injured magnet, however, it will be a good plan
to test it, by allowing the current to flow around it and then by
placing a screwdriver or some iron or steel too] against the magnet.,
its lifting power can be determined. Should the magnet be found
strong and not burnt out, then the trouble will be either in the
lifting mechanism shown at. L or the dash-pots shown at P and P 1.
The object of dash-pots is to resist the lifting of the carbon
too suddenly. Should the carbon be lifted with a " jerk," there is
a possibility of drawing the carbon out of the field of the arc,
thus breaking the arc and no light results. The correct working
of the dash-pot is an important factor of arc lighting, and to
determine if it does operate correctly, it should be seen that it
requires considerable force to press the plunger into the pot
quickly. From this it is learned that a blow or push will be
resisted by the partial compression of the atmosphere, hence any
sudden action of the magnet is controlled and the carbon is
maintained within the length of the arc and light is formed the
moment the contact of the carbon is broken.
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Fig. 82

to convey the current to the movable carbon is not always the
same; some manufacturers solder a flexible wire to the carbon
holder of the movable carbon so as to insure a positive supply
of current, while others depend upon the frictional contact of
the carbon holder to insure current supply to the upper or movable
carbon.
Referring to Fig. 82, the mains carrying the current are
connected to the binding posts A and B. The current flowing
through A passes through the switch S and resistance coil R
thence through the magnet. M. The current is grounded on the
upper framework of the lamp, and this wire is grounded on the
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Whenever a lamp becomes grounded, the movable carbon
sometimes traverses its entire stroke without forming light. Of
course, this ground must be removed, and the simplest way to do
it is to remove the outer shell or casing, then trip the lamp,
and throw on the current, when the ground should make its
appearance and can be easily removed.
When continuous arcing occurs, it will be found that the
plungers of the dash-pots are worn sufficiently to permit of a
rapid lifting and dropping of the carbon, and in such a case as this
satisfactory lighting is impossible. Sometimes the lamp will
not burn satisfactorily, although the lamp mechanism and trimming
are all right. This is often due to the arc traversing the
perimeters of the carbon instead of being central. Impurities in
the carbon will cause this, and to overcome this difficulty, hollow
and cored carbons are employed. In the latter case. the centers of
the carbons are filled with a soft carbon which is easily vaporized,
thus lessening the tendency of the arc to traverse the circumference of the carbons, thereby preventing avoidable shadows. With
enclosed arcs, when opalescent globes are employed, the shadows
will not be noticable to any great extent, as this form of globe
diffuses the light more equally than clear globes.
It is important to have the upper carbons the hotter, as
this will deflect the light downwards. When an arc lamp is first
connected to the mains, it may not be wired so that the upper
carbon will be the positive carbon. If, however, the current is
thrown on and the lamp allowed to burn for five minutes and then
cut off the current, it can easily be seen which carbon is the
hotter, and should the lower carbon be the hotter, the lead wires
to the lamp should be reversed.
It is sometimes necessary to know what voltage is maintained
across the arc. For this purpose, a portable voltmeter can be
used and connected to the lower and the upper carbons. The arc
being formed, the voltmeter can register the necessary voltage to
maintain the arc, and by connecting the voltmeter to each arc
in the circuit and by shifting the resistance in each lamp, an
approximate equality of voltage can be maintained throughout the
various lamps, and each lamp will properly do its share of the
lighting.
The length of time a carbon will last depends upon the
amount of air which is admitted to it; hence, to prolong the
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life of a carbon, the inner globe is often made as air-tight as
possible. The inner and outer globes should be kept clean, as
this will materially assist in the proper diffusion of the light.
To Carbon a Lamp. The following directions are given by
the General Electric Co. for the series enclosed arc lamps:
Be sure that the current is switched off. Hold the enclosing
globe firmly and swing the bail to one side after pulling down
on it. The globe will come off. Loosen the set-screw and remove
the carbon. Remove the upper carbon and put in a new one,
inserting it in the spring carbon holder of the upper carbon tube.
Put a lower carbon of proper length in the lower carbon holder,
and secure it with the thumb-screw. Replace the inclosing globe,
being careful to set the upper edge squarely against the finished
surface of the cap, so as to exclude the air from the arc. Secure
the globe by placing the supporting ring on the projection around
the bottom part of the globe. To insure proper electrical connection to the upper carbon, it must be well inserted in the spring
carbon holder on the inside of the carbon tube. The inclosing
globe should be cleaned periodically.
DISTRIBUTION OF ELECTRIC POWER.
There are two systems of electric distribution, the constantcurrent and the constant-potential systems. In the constant-current system there is always a current of the same intensity flowing
through the circuit and the voltage of the generator must rise and
fall as the resistance of the circuit varies under different. conditions. In the constant-potential system the voltage is always
kept as nearly constant as possible and the amount of current may
vary from zero up to the capacity of the generator or generators.
Constant-Current Systems. As all lamps require a constant
current they can be connected either in series on a constant-current
system or in parallel on a constant-potential system. When a constant current is used, the distributing mains form a simple closed
circuit, and when the lamps to be lighted are thrown off and on the
circuit, the voltage of the generator will be lowered and raised
in proportion to the voltage which the lamp takes up. As the lamps
of all constant-current systems are connected in series, a constantcurrent system is also called the series system.
In the series system, the capacity of the wire in the circuit
75
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need be only that which is necessary to feed one lamp, as all the
lamps in the series require the same current. The system is
simplicity itself, as shown in Fig. 83, its principle objections being
that each lamp in the circuit must take the same current ; the
voltage becomes very high as the number of lamps increases and
for house lighting individual lamps cannot be extinguished because
this would effect all others in the series, unless a resistance equal
to the lamp be subsituted in the circuit when it is extinguished.
This latter method is impractical if the number of lamps is large.
In are lighting, fifty to one hundred lamps may be placed
in one circuit which may be several miles in length; each lamp

electro-inotive force of the system will pierce the paper and the
two free terminals will come into contact thus re-establishing the
circuit. This, however, will cause an increase in current in the
system, but the station attendant, recognizing the increased current,
will throw one of the relief lamps provided for the purpose in the
circuit thus establishing normal conditions until the broken lamp
can be replaced.
Along many trolley lines, where the potential is 550 volts,
five ordinary incandecent lamps are used in series to do the
lighting of the road ; the interior of street cars are also lighted in
the same manner. This method is open to the objection that
should one light burn out, the other four lamps will be cut out.
Constant Potential Distribution. For all interior lighting
the constant-potential distribution is used because perfect independence of all the lamps is established, the maximum difference of
potential is harmless and the electric energy utilized is proportional
to the number of lamps lighted. The general voltage used is one
hundred and ten volts, and as each lamp of 16 candle power
requires one-half ampere, the resistance of the filament is 220 ohms.
The most simple case of parallel distribution is where two
wires of the same thickness are carried through the district. to
be lighted and to have them of such size as to carry current enough
to light the required number of lamps. This, however, is too
expensive a method in practice as the total current at the
dynamo determines the size of the wire, while near the far end of
the circuit where only a few lamps are carried a much smaller wire
could be used.
The size of a conductor is determined first by the amount of
current it can carry without undue heating, and secondly the drop
of potential allowable for economical lighting; the second condition
usually being the determining factor, as the first condition will be
met when the second condition is fulfilled.
In the design of a distributing system great care should be
taken to obtain a good distribution of potential, as a variation of
one per cent from the normal voltage means a considerable difference in the illuminating power of the lamp. In general terms,
it may be stated that the drop of potential of one volt in a 110 volt
lficandlepowerlampwill reduce the candle power to 15 candles. All
calculations for finding the size of wires are based upon Ohm's law

Fig. 83
requiring ten amperes of current and a drop of potential of fifty
volts.
Series Incandescent Lamps. If incandescent lamps are used
on arc light circuits, they must have thick filaments so that there
will be a comparatively small potential difference across their terminals. If fifty incandescent lamps are connected in series it would
require 5500 volts to drive one-half an ampere through them. In
practice, for outdoor lighting, a 10 ampere, 100 candle power lamp
is standard.
All lamps used in series lighting should be equipped with
an automatic cut-out so that if the lamp should become broken,
the current through the circuit will not stop. Should a lamp
become brokeny all the electro-motive force of the circuit becomes
active at the broken terminals. Advantage is taken of this fact by
dividing a circuit through a series lamp into two paths, one path
going through the filament, and the other path going to two
terminals within the lamp between which is interposed a piece of
paper. Under ordinary conditions the current passes through the
filament, but should the filament break, the voltage due to the
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drop before calculation. Feeders, mains and leads are thus all
calculated separately.
System of Parallel Distribution. There are various systems
of distribution that are used in practice among which may be men-

is used in interior wiring, and the length of the main for each lamp
is the same. The tree system merely consists of one set of feeders
from which branches are led to the different lamps, and is so named
because the diagram of such a system resembles a tree.
Three Wire System. The amount of light furnished by an
electric lamp is directly proportional to the energy in the electric
current that passes through it, and the amount of power delivered
by an electric motor is also proportional to the amount of electrical
energy in the current that operates it. The voltage of the current
determines the ability to overcome the resistance that opposes its
flow through the circuit, just the same as pressure in steam and
water indicates its ability to force its way through the pipes. Voltage, in fact, is the equivalent of pressure. The amperes measure
the amount of current that passes through the circuit. The energy
value of an electric current is equal to the product of the volts by
the amperes and is expressed in watts. Thus if a current of ten
amperes is flowing through a circuit, and the voltage that forces it
along is 100 volts, then the energy will be the product of 10 amperes
by 100 volts; or, in other words, it will be 1,000 watts. If the current is 20 amperes, and the voltage 50, the watts will still be 1,000
for 20 times 50 equals 1,000. The size of wire required to carry
a current is dependent upon the amperes, and not the volts. Thus
if a wire can carry only 10 amperes when the voltage is 20, it
can carry but 10 amperes when the voltage is 20,000, or any other
amount. If the voltage is 20, and the amperes 10, the power
will be 200 watts, but if the voltage is increased to 2,000, which is
one hundred times as great, we also increase the power transmitting
capacity of the current one hundred times, and this we accomplish
without increasing the size of the wire. From this illustration
it will be understood at once that to transmit power by means of
electric current with the greatest economy we have to use the
highest voltage admissible. Thus for incandescent lights the
voltage of 110 is generally provided. The current required by
a 16-candle power incandescent lamp of 110 volts is about onehalf of an ampere. If lamps could be used that would require
220 volts, then the current strength would be reduced to about onequarter of an ampere; hence, with the same size wire twice as many
lamps could be fed. While 220 volt lamps are made, in the great
majority of cases 110 volt lamps are still in use. With these
110 volt lamps as great an economy in the use of wire can be had
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Fig. 84
tioned the loop system, the tree system, the closet system, the antiparallel system, three wire system, etc. The loop system is shown
in Fig. 84, which is arranged so that the current for each lamp goes
through the same length of wire. While uneconomical with cop-

-

Fig. 85
per, it can be made to furnish a steady potential. Another used
is the closet system, which arranges a number of lights in groups,
each group having its own feeders. Fig. 85 shows a symmetrical
arrangement which in practice is irregular-shaped. This method
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by adopting what is known as the three wire system of distribution.
This system, briefly explained, consists in so arranging the lamps
that the current passes through two in series, instead of one, and,
as each lamp requires a voltage of 110, the two combined will

as large as the outside wire. In large distributions this is seldom
the case, the aim of the central station manager being to always
balance the load whenever possible.
The most usual arrangement of the three wire distribution is
shown in Fig. 87. Two 110 volt generators are connected in
series, which makes the two outside wires carry a difference of
potential of 220 volts, the 110 volt difference of potential being
obtained between one outside wire and the neutral. In practice,

1.175

Fig. 86
balance a current having a pressure of 220 volts. A three wire
system connected to one generator is shown in Fig. 86. A potential
difference of 220 is maintained between the two outside wires ; the
third wire lying half-way between the others in potential. This
wire is called the neutral wire. The outer conductors are generally
made one-half the size of those in the two wire system of the same
load, and the neutral wire is generally made one-half the size of
Ve..lrat
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Fig. 87

the outer conductors. If there were always the same number of
lamps on either side of the wire, the neutral wire could be dispensed
with. If, however, all the lamps on one side were lighted, and all
on the other were extinguished, the neutral wire would have to be

so as not to disturb the balance of the load on either side of the cirmit, motors of any appreciable size are made to run at 220 volts
and are carried across the outside mains, the lighting load being
divided between the two sides as nearly as possible.
A new form of three wire generator shown in Fig. 88 has
been recently introduced into the engineering field for the purpose of replacing the usual methods of operating the three wire
systems. It is the same as the standard single voltage machine
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except that additional leads from the armature windings are connected to collector rings mounted on the armature shaft. This
arrangement is exactly similar to that employed for the alternating
current side of the armatures of rotary converters. This arrangement is of the two-phase type and across the two-phase collector a
pair of autotransformers or balance coils are connected, as shown
in the accompanying diagram. These balance coils have a single
winding about a laminated iron core of the shell type and are immersed in oil and mounted in. eases similar to the transformers.
The mid-points of the balancing coils are interconnected and from
this connection is led the neutral of the three wire system. This
type of generator is said to have its best applications in the distribution of electric light and power in office buildings. There are
also numerous three-wire systems in use which use storage batteries for regulation, both with and without an equalizer. For
large systems, a balancing dynamo, or a motor and booster are
used for maintaining the proper voltage on each side of the circuit.

scale, s. If a current is passed through the coil, magnetic lines of
force are set up in its center, which tend to pull the needle in lino
with them, and therefore, with the axis of the coil. This pull is
resisted by the permanent magnet, m, and the amount of deflection of the needle from the zero position depends upon the
strength of the current passing through the coil. As the resistance
of the instrument is constant, the current in the coil is directly
proportional to the electro-motive force, and, therefore, the deflection of the needle depends upon the electro-motive force at the coil
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MEASURING INSTRUMENTS.
The usual method of determining the values of electro-motive
force and current in a circuit is by means of instruments which
give indications on a scale by means of a pointer; volts being
indicated if it is electro-motive force that is being measured, and
amperes if it is the current. An instrument for measuring
electro-motive force is called a " volt-meter " and one for measuring a current is called an "ammeter." Both class of instruments
depend for their operation upon the magnetic or heating effect of
the electric current; the mechanical and electrical arrangement
being the same for both an ammeter and a voltmeter of a given
type.
Classes of Voltmeters and Ammeters. Voltmeters and ammeters are generally divided into three general classes.namely, magnetic needle instruments, electro-magnetic instruments, and hot-wire
instruments. The arrangement of the working part of a voltmeter
of the magnetic needle principle is shown in Fig. 89. A soft iron
needle, n, is pivoted inside of a coil , c, of a very fine wire and is
held out of line with the axis of the coil by means of a permanent
magnet, m, when the instrument is idle. In this position, a pointer,
p, which is attached to the needle stands at zero point of the

Fig. 00
Fig. 89
terminals, so that if the scale is properly marked, the pointer
will indicate volts.
The electromagnetic type of voltmeter is shown in Fig. 90,
and represents the most usual type of instrument in general use.
The coil, c, is pivoted between the poles of a permanent magnet, m,
It is
and moves between them and the fixed soft iron core, k.
held in normal position by two spiral springs, a, one above the coil
and one below it, which also serve the purpose of making electrical
connections to the coil, c. When a current passes through the coil,
magnetic lines are set up in it which differ from those in the
permanent magnet, and the combination of the two fields produces
a twisting action on the coil. This twisting action is resisted by
the two spiral springs. The deflection of the coil, c. depends upon

the current in the coil, and since the resistance of the coil is con-
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stant, the pointer, which is attached to the coil, will indicate volts
on the scale if it is properly graduated.
Either instrument, as shown in Figs. 89 and 90, can also be
used as an ammeter, the principle difference being that when used
for an ammeter, the wire coil must be made of heavy wire, if it is
to carry the full current in the circuit ; or if the instrument is connected in parallel with the low shunt resistance, only a fraction of
the current need pass through the coil, so that the coil is made light;
but in both cases, the scale is so graduated that the pointer measures
the whole current in the circuit.

pulley in the direction of the arrow. This tendency to rotate is
resisted by the wire, w, and when no current is flowing the pulley
is in such a position that the pointer, a, attached to it, indicates
zero on the scale, b. When current passes through the wire, it
becomes longer under the heating effect of the current and allows
the spring to move the pointer over the scale, which may be marked
so as to indicate either volts or amperes according to the purposes
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for which the instrument is to be used. When used as an ammeter,
it is always used in parallel with a shunt of low resistance, as it
would not be practical to make the wire, w, large enough to carry
heavy currents.
Voltmeter Connections. A voltmeter is always connected to
the two points between which the difference of potential is to be
measured. If, for instance, it is desirable to measure the electromotive force between the two sides of the circuit, as shown in Fig.
92, the voltmeter, V, should have one of its terminals connected at

Fig. 91
The hot-wire voltmeter depends upon the two principles that
the current will heat a conductor when flowing through it, and,
also that the length of the wire is increased when it becomes
heated. An arrangement which utilizes these principles is
shown in Fig. 91, in a diagrammatical form. A fine wire, w,
of high resistance is connected to the two terminals, tt, which
are rigidly fastened to the frame of the instrument. The wire
passes around three pulleys, ppp, the two lower ones being rigidly fastened, and the upper one being free to move up and down.
It is fastened by a metal band to the pulley, 11; which is fastened to the frame. A spring, s, one end of which is fastened
to the frame and the other to the pulley, R, tends to rotate the

Fig. 94
x and y as shown. If the drop of potential through a certain
length of wire is required, the voltmeter is connected to the terminals of the length of wire of the length, 7, as shown at a and h in
Fig. 93. If it is desirable to obtain the drop of potential of a
lamp, one terminal of the voltmeter is connected to one side of the
lamp and the other terminal to the other side as shown in Fig. 94.
If the voltage of the shunt generator is required, the voltmeter
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should be connected across the terminals of the machine as shown
in Fig. 95.
When a compound generator is used, it is necessary to be
particular in connecting the voltmeter, for if it is connected to

Fig. 95
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the amount of current flowing through the circuit, it should always
be connected in series in the circuit and nerer between the two sides
of the constant potential circuit like a voltmeter. For comparatively small currents, the ammeter is connected as shown in Fig.
97. If, however, the currents are large, it is connected in parallel
with a shunt resistance as shown in Fig. 98. This arangemeut
is usual when the ammeter is in circuit a long period, as with
switchboard instruments, because otherwise the coil of the armature
would have to be very heavy, and consequently the instrument

Fig. 96

the armature terminals it will show a greater number of volts than
actually exists on the external circuit. The voltmeter should, therefore, be connected to one brush and to the lead from the series
winding, or in other words across the two mains as they leave the
Fig. 99

Fig. 97
Fig. 98
machine as shown in Fig. 96. The voltage across the brushes in
a compound machine is useful in obtaining the drop in the armature when making efficiency and other tests.
Ammeter Connections. As an ammeter ie intended to indicate

would be very bulky. This arrangement of connections must always he used for a hot-wire ammeter.
Recording Instruments. In cases where a continuous record
is desirable and a great degree of accuracy is not necessary, a voltmeter arrangement, as shown in Fig. 99, or an ammeter, as shown
in Fig. 101, may be used. The operation of the voltmeter depends
upon the principle that two solenoids will attract each other if
placed near each other so that the adjacent ends are of unlike polarity, and the operation of the ammeter depends upon the priuci-
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ple that the solenoid will attract a piece of magnetic material, such
as a disc of soft iron, placed near it.
The voltmeter, Fig. 99, has two current coils, a and b, one of
which, a, is rigidly fastened to the frame of the instrument while
the other, b, is movable. It is carried by a pair of springs, as,
which support a shaft, c, the shaft being fastened to the coil, b.
An arm, d, is attached to the spring, s, and moves with it, and
hence with the coil. At the upper end of the arm, a pen, p, is
fastened which rests upon a chart marked with radial lines which

the same. The method of operation of this instrument is precisely
the same as that of the voltmeter. The chart in this case is
graduated so as to read amperes. For currents up to about 1,200
amperes, ammeters of this description are made to carry the whole
circuit current. For large currents, a low-resistance shunt is used
in parallel with the instrument, as shown in Fig. 98.
The Wattmeter. A wattmeter is an instrument which shows
the amount of energy, or power, in an electric current. These in-
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Fig. 100
indicate time, and circles which indicate volts. This chart, shown
in Fig. 100, is uniformly driven by a clock, f. When current
passes through the coils, the fixed one, a, attracts the movab!e one,
b, thus causing the pen, p, to move away from the center of the
chart, and the movement of the chart causes the pen to draw a
continuous line, which indicates at any time the volts at the
terminals of the instrument.
The arrangement of the ammeter, Fig. 101, is similar to that
of the voltmeter, except that in place of a moving coil, a thin disc
armature, b, of iron is used, the rest of the mechanism being exactly

Fig. 101
struments are made in three different types: indicating, recording
and integrating. The first named type, the indicating, has a
pointer that swings over a dial and indicates the power in watts
flowing through the circuits. The pointer responds instantly to
any variations of the power, therefore, it is continuously changing its position. The recording wattmeter, traces on a roll of
paper, or a disk, a line that is the record of the power in the circuit
at every instant during the _period covered by the record. The
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integrating wattmeter shows the amount of energy that has passed
through the circuit in a given time. The unit of measure is a
watt hour, that is, one watt acting for one hour of time, or any
other amount of power and interval of time which when multiplied
by one another will equal one watt hour. Thus five watts passing
through the circuit for twelve minutes will be equal to one watt
hour, and so will half a watt acting for two hours be one watt hour.
Indicating wattmeters are commonly placed upon switchboards so that the power delivered by the generators at any instant
may be known at once by simply looking at the instrument. If
there are an ammeter and a voltmeter on the switchboard, the
power can be obtained at any time by multiplying the reading of

magnetic reactions between a movable fine-wire coil and a fixed
wire-coil; that is, a wattmeter is a combination of an ammeter and
a voltmeter. As will be seen in Figs. 102 and 103, there are two
coils set at right angles to each other. One of these coils is
traversed by the whole current, and, therefore, acts as an ammeter ; and the other coil is connected across the circuit, like the
coil of the vol tmeter, and acts like a voltmeter. The result of
this construction is that if the current increases, the indicator
moves forward, and if it decreases the indicator moves backward.
If the voltage rises, the indicator will move forward, and if it falls
the indicator will move backward. If the current and the voltage
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one instrument by that of the other, as the power is the product
of the volts by the amperes; but it is more convenient to be able to
read the power from the dial of a wattmeter than to obtain it by
making the multiplication just mentioned. In addition to the
greater convenience, the indication will generally be more accurate,
because it is next to impossible to take the readings of two instruments at the same instant of time; and, furthermore, a slight
mistake in one or both of the readings may be made, and thus the
calculation for the power may be considerably out of the way.
The indicating wattmeter is shown in Fig. 102, and it is
evident from the above explanation that the readings of the pointer
must be proportional to the product of the volts and amperes in
the circuit. This is usually obtained by means of the electro-
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Fig. 103
both increase, the indicator will move forward through an angle
that will correspond to the combined increase in the volts and the
amperes.
Fig. 104 shows the general method of connecting a wattmeter
to a circuit. The wire b from the generator connects with the
lower binding post of the wattmeter W, and the upper post is connected with the wire d; thus the main current is passed through
one of the coils. One of the wires r carries a branch current from b
to the other coil of the instrument, and the remaining end of this
coil is connected by a wire with the opposite side of the circuit,
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that is, with wire e. The binding posts of the wattmeter W are
located at the top and bottom and at the sides, but this is not
the position in which they are found in actual instruments. They
are here so located to illustrate more fully the coils with which they
are connected. As will be seen, the wires b and d connect with
the instrument the same way as if it were an ammeter, while the
wires cc connect it as if it were a voltmeter.

movable coil, the lines are distorted, and in trying to shorten themselves tend to twist the movable coil through an angle. This tendency to run is directly proportional to the amperes of current in the
stationary coils multiplied by the current (and, therefore, the
electro-motive forces) of the moving coil.
Where a continuous record is desired and great accuracy is
not required, a recording wattmeter arranged as shown in Fig.
105 may he used. The operation of an instrument of this descripI ion depends upon the principle that two solenoids will attract each
other if placed near together and arranged so that the adjacent
ends are of opposite polarity. The coil, a, which is of fine wire,

Fig. 106
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As the resistance of the moving coil is constant, and is connected across the circuit, the current in it is proportional to
the electro-motive force at the terminals of the instrument; and
as the coarse-wire fixed coils are in series with the circuits, the
current in them is the whole circuit current. If the fine-wire coil
carried no current, the directions of the lines of force set up
by the current in the coarse-wire coils would he approximately
straight, but on account of the field set up by the current in the

is mounted on knife edge and spring supports, and is free to move
towards the stationary coil, b, which is wound with wire heavy
enough to carry the entire circuit current. The terminals of the
high resistance coil, a, are connected across the circuit, and those of
the low resistance coil, 1), in series with the circuit, so that the
magnetic effect of the coil, a, is proportional to the electro-motive
force of the circuit, and that. of the other, b, to the circuit current;
therefore, the magnetic effect of the two coils upon each other is
proportional to the product of the electro-motive force and the
current of the circuit. The arm, f, is attached directly to the
knife-edge of the moving coil, and moves with it, and hence with
the coil. At the upper end of the arm a pen, p, is fastened, which
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rests upon a chart marked with radial lines, which indicate time,
and circles, which indicate watts. The chart is uniformly driven
by a clock, c. When current passes through its coils, the fixed one,
b, attracts the movable one, a, thus causing the pen, p, to move away
from the centre of the chart, and the movement of the chart causes
the pen to draw a continuous line, which indicates at any time the
watts of the circuit.
Integrating Wattmeter. A form of meter which is commonly
used to measure the electricity furnished by electric companies
to consumers is shown in Fig. 10G. It is sometimes called an
" Integrating Wattmeter " but really it is a watt-hour meter, because it registers the time as well as the watts. It is arranged so
that it will run while the current is passing, and will stop when
the current stops. It is made in the form of a small motor, which
drives a delicate train of gears. On the gears are fastened pointers,
which indicate on a set of dials the number of watt-hours supplied.
The armature, a, which is made of fine wire, is connected in series
with the high resistance across the mains, the combination forming
the voltmeter circuit of the instrument., and the current in this
part of the meter circuit is directly proportional to the voltage
at the terminals of the instrument. The field magnets, f, f. are
two coils of large conductors, and one is placed on either side of
the armature. They are connected in series with each other, and
in series with the circuit, forming the ammeter circuit of the
instrument.
As the armature and field coils contain no iron, the magnetic
field due to each of them is proportional to the current in them
respectively. The resultant rotary effect is proportional to the
product of the electro-motive force and amperes of the circuit.
A wattmeter of this description does not run faster when the field_
current is increased as an ordinary motor would, because the load
that is imposed on the armature is relatively great, and the resistance is so high that the counter electro-motive force is appreciable, so that the speed is controlled wholly by the torque between
the field flux and the armature wires. An ordinary motor would
run in the same way if its armature winding had a very high
resistance and the field flux were weakened beyond the point
where the product of the field flux and ampere turns is sufficient
to give the torque required by the load. The dials, t, t, are usually
graduated so that the pointers indicate kilowatt hours (1000
watt-hours).

How Wattmeters are Read. The figures, 1000, 100, 10, 1,
and tenths, Fig. 107, refer to the division of the circles just below
them. For example, the division of the circle at the right of the
cut indicates one, two, three, etc., tenths of a kilowatt hour ; a
complete revolution of the pointer would indicate ten-tenths of one
kilowatt hour, and at the same time the pointer on the second
circle would move so as to indicate one kilowatt hour. The read-
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Fig. 107
ing of the instrument is 1111.1 kilowatt-hours; it is obtained by
beginning at the right and reading each dial in succession toward
the left. The first pointer indicates 0.1, the next 1, and the next
10, the next 100, and the last one toward the left 1000, so that
the combined reading is 1111.1. Similarly, the reading of the
dials shown in Fig. 108 is 9912.1.
In order to get the kilowatt hours supplied in a given time,
the difference between the readings of the meter at the beginning
and end of the time is taken; thus, if the reading of the instrument at the end of the month is 9912.1, and at the beginning

Fig. 108

1111.1, the kilowatt hours for the time are 9912.1-1111.1=
8801.0. With some of the meters of this general type, it is
necessary to multiply the indicated wattage by a constant in
order to get the kilowatt hours; in such cases, it is customary to
mark the constant on the dial plate of the instrument.
Measurement of Resistance. There are two methods of measuring resistance of general use, one of which may be termed a
laboratory method and the other a practical method. For measur-
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ing accurately the resistance of an electrical conductor the " Wheatstone bridge " method is frequently used. All laboratories where
electrical measurements are made, possess this arrangement, but
it is rarely to be found in engine-rooms. It consists of a combination of battery, resistance coils and galvanometer. The galvanometer, shown in Fig. 109, is constructed on the same principles
as the magnetic-needle voltmeter, but usually registers degrees
of a circle instead of volts.
In its simplest form, the bridge consists of two coils of known
resistance, one coil whose resistance can be changed, the resistance
which is to be measured, a galvanometer, and some constant source of electro-motive force. The diagram of connec-

room is by means of a voltmeter and an ammeter. This method is
based upon Ohm's law, so that if current flowing through a

1190

resistance and the drop of potential are known, the resistance can
be worked out from the formula :
R=—
C

Fig. 109
tions of the "Wheatstone Bridge" is shown in Fig. 110. A and
C are coils of known resistance, 13 is a battery, G is a galvonometer, D a set of resistance coils, which can be changed to any
value, and X is the unknown resistance to be found. The principal
of the bridge, is based upon the formula:

in which R is the resistance, E the drop in potential and C the
current. If E is in volts and C is in amperes, then R will be
in Ohms. The connection for this arrangement is shown in Fig.
111. X is the -unknown resistance, V the voltmeter, A the
ammeter, B the battery or some source of electro-motive force, and
R a variable resistance with which to regulate the current so that

X : D=A : C
or, X= AD
When this proportion is fulfilled, the galvanometer needle indicates zero and the current in the circuit is balanced and hence
the resistance.
The more usual method for finding resistances around an engine

Fig. 111
proper readings on the Voltmeter and the ammeter can be obtained.
Suppose, for instance, that the ammeter A reads 0.5 amperes, and
the voltmeter reads 1.2 volts, then the resistance will equal 1.20.5=2.4 ohms.
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Insulation Resistance. When measuring the insulation resistance of a dynamo or wire, first measure the drop of potential
across the circuit; then remove one voltmeter lead, and ground it,
and take another reading. If V is the drop of potential across the
leads and v is the reading of the voltmeter when grounded, R the
insulation resistance to be found, and r the resistance of the voltmeter, then R can be found from the formula

The general system used is to arrange the switchboard in
panels, side by side, the number depending upon the character
of work it is to do. Sonic panels are used for connecting the
generators to the board, some are for the motor control, others for
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which is the general formula for finding the insulation resistance.
SWITCHBOARDS.

Switchboards are arrangements by means of which various
electrical circuits are centered and different combinations of electrical connections are performed. Resides the various switches
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Fig. 112
which are necessary the switchboard generally contains the various
protective devices for limiting the amount of current flowing
through the circuit and the different instruments which give
the necessary readings of the volts and amperes carried on the different circuits. In a small isolated plant, where a single generator is used, the current can be conveyed to the distributing
mains in a comparatively simple manner, but if there are several
generators feeding into a complicated system of distributing
mains, then a systematic method of arranging the connection must
be used.

Fig. 113
operating the distributing circuits, others may be used for charging
storage batteries and so on.
For continuous currents, there are two classes of switchboards in use, one for the constant current and one for the constant potential systems. In alternating current distribution the
character of the switchboard will depend upon whether singlephase or polyphase current is used.
To operate a single constant potential generator all that is
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required is a field regulator, a circuit breaker, an ammeter, a
voltmeter, a switch to open the circuit., and switches for the several
branch circuits. A simple switchboard for the single generator
connected with other generators is shown in Fig. 112. It is
divided into three pane.s, the generator, load panel and feed
panel. There are as many generator panels as there are generators,
and each generator has its own panel. The load panel indicates
the amperes, volts and watts on the station, and the feed panel

in an engine room, is placed at C, and at either side of it is
located an incandescent lamp. The three distributing switchboards
are located at E E E and the main generator switch is located at
D, while at B is placed the circuit breaker. The back of the switchboard is shown in Fig. 114, which illustrates the connections at the
back of the board with the instruments as arranged in Fig.113. The
circles A and V are the ammeter and the voltmeter, and the dotted
circle a shows the location of the rheostat. This rheostat is connected to the field coils of the generator for regulating the voltage.
The connections from the binding posts of the generator rim to the
lower terminals of the circuit breaker B, and the upper terminals
of the latter are connected with the lower terminals of the main
switch D. The bar i runs above bar c and must be separated from
it by about one-half inch clear space. The bar e is the left end of
c, just as d is the left-hand end of b. From the upper left terminal
of the main switch D a rod is run to one of the binding posts
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Fig. 115

indicates the amperes on each feeder. An arrangement showing
all the instruments and switches on one panel is shown in Fig.
113. Here the field regulator is shown at the back of the board,
and the hand wheel F on the front of the board is mounted on an
extension of the switch pivot. With the regulator in this position,
the engineer can watch the voltmeter at V while adjusting the
voltage. At A the ammeter is located so as to balance the appearance of the voltmeter. A clock, which is a desirable thing to have

of the ammeter as shown in f. This rod clears the ends of the bars
i and j. From the other binding post of the ammeter, a bar h is
run from the top horizontal bar i, and from the right-hand top
terminal of the main switch D a bar g is run to the lower horizontal
bar j. The bars i and j are called busses, and from these the current is taken off for the distributing circuits. It will be seen that
the right-hand lower terminals of the three E switches are connected with the buss-bar j, and that the left-hand terminals are connected with buss i. The upper terminals of these switches are
connected with the wires leading to the three sections of the
distributing mains; hence, by opening or closing any one of these
switches the current can be turned off or on to any of the sections.
No general rule can be given for the location of the various
devices or for circuit connections owing to the fact that in each
ease the number of machines and the circuits are different, but
in every case, simplicity of connections is aimed at. As a rule.
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the cross-section of the bus-bars is designed so as to allow a
current density of from 600 to 1,000 amperes per square inch.
Bus-bars of an appreciable size are made of flat bars, as they
present a greater radiating surface and will not heat up to the
same extent as a round wire with the given current strength.
Bus-bars and other conductors on the back of the board are such
that they can be securely held by means of bolts that form the
connections with the various switches, circuit breakers and other
apparatus.
The conductor bars of switchboards are made of pure copper,
and one piece should be used whenever possible. When one bar is
looped over another, the surfaces in contact should be about one
square inch for each 150 or 200 amperes transmitted. The contact surfaces should be as true as they can be made without scraping and should be held together with iron bolts. The supporting
frame of a switchboard consists of vertical angle-irons placed at
the side of the board and intermediate angles located where the
marble slabs join. These angle-iron bars run down to the floor
and thus form the legs of the board.
The underwriters require in general the following rules to
be adhered to: Switchboard must be made of incombustible
material such as marble or slate. It must have a space of ten
inches between the board and the floor, and eighteen inches between the board and the ceiling, except where both are fireproof,
and it must be accessible from all sides. In. general switchboards
should be mounted about two feet from wall to allow access to
the back, and gates should be provided to keep unauthorized persons
from getting behind them. All dynamos must have each side of
the circuit protected by a circuit breaker or fuse, and a knife switch
and a detecting device which must be installed to detect grounds.
Bus-bars of opposite polarity mast have an air-space between them
when held free from any surface of at least one inch where the
current carried does not exceed 3,000 amperes.
The bottom of the switchboard should be of such a height
that the attendant can see the lower instruments or reach the lower
switches without inconvenience, and the top should be of such a
height that the highest instrument can be reached from the floor.
If this is not permissible, then the board should be made in two
stories, with a platform from which the upper part may be manipulated. The space between the back of the board should be,
however, four feet or more if possible, and every means should be

taken to prevent moisture from coming into contact with any of
the exposed conductors. Switchboard panels are usually made of
marble and marbleized slate, which must be free from seams and
metallic veins.
Switches and Safety Devices. There are various forms of knife
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Fig. 116
switches used on switchboards, known as single-pole, double-pole
and three-pole switches, and as single- and double-throw. The
simplest form of knife switch is shown in Fig. 115, and is known
as the single-throw, single-pole and single-break switch. Fig. 116
is a double-break, single-pole switch. The object of having a
double-break switch is to divide the arc into two parts and also
to prevent the hinge of the switch from carrying any current.
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Fig. 117
When, however, the hinge must carry current, it must be equipped
with a spring washer held by lock-nuts or pins so arranged that a
secure connection will be maintained at all positions of the switch
blade. It would not be advisable to provide more than two breaks
for each pole, because it would greatly complicate the construction.
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and, moreover, it would be almost impossible to make more than
two separate contacts at exactly the same time.
For heavy circuits, "quick-break" switches are used. A
single-pole switch of this type is shown in Fig. 117. A principal

switches being of the double-break type. A type of switch frequently used is known as the double-throw switch. A switch of
this kind is used whenever one circuit is to be opened, and another
immediately closed, or when one or more connections are to be
quickly transferred from one circuit to another. A double-throw
two-pole switch is shown in Fig. 120.
On switches carrying less than 500 amperes, single blades
are used for each pole ; on switches carrying more than that, it is
customary to use multiple blades depending upon the current to
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Fig. 118

or leading blade is attached directly to the handle, and a second
blade is attached to the leading blade by means of a stiff coil
spring. When the leading blade is withdrawn from the clips to an
angle of about 30°, its heel releases the following blade which is
then forcibly opened by the spring being under tension, thus making an extremely quick break. I3oth blades are of equal carrying
capacity.
For constant potential circuits, a form of switch most commonly used is called the double-pole switch, shown in Fig. 118.

Fig. 121
be carried. The single-pole switch shown in Fig. 115 has only
one blade, while that in Fig. 121 has three blades. By this means,
more contact surface is obtained with the same amount of metal
in the blades; for the particular ease shown in Fig. 121 there
is three times as much contact surface as there would be if the
metal of the three blades were put into one blade of equivalent
cross-section.
The handle of a switch must be always perfectly insulated
from the current-carrying parts, even if the switch is only to be
used for low-tension circuits. When cross-bars are less than three
inches long, they should be made of insulating material. When
•

Fig. 120
Fig. 119
As will be noticed the circuit is broken in four places at the same
time when the switch is open. For three wire circuits three-pole
switches as shown in Fig. 119 are used. It is similar to that shown
in Fig. 118 except that it has three poles instead of two, both
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greater than three inches in length, they may be made of metal,
provided they are sufficiently separated from the jaws of the
switch to prevent arcs following from the contacts to the bar when
the switch is opened.
Fuses and Circuit Breakers. There are two principle forms
of safety devices used to protect electric circuits from overheating,
namely, the fuse and circuit breaker. The fuse in its simplest

Fig. 122
form is a wire or strip of soft metal, which melts before the current
reaches the point that is dangerous to the remainder of the circuit.
Fig. 122 shows a fuse of this description. It consists of a wire, a,
made of low-melting alloy fastened to two copper or brass terminal
pieces or clips b, b. When subjected to a large current, after a
short time the wire melts and thus opens the circuit. Fig. 123
shows a fuse, which, instead of a wire, has a flat strip of fusible
metal between the terminal pieces. Its action is precisely like that
of the one just described. Sometimes, a fuse is enclosed in a
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Fig. 123
casing, which, being made of non-combustible material, eliminates
danger from fire when the fuse " blows." Fig. 124 shows a fuse
of this description. A very small conductor on the outside of the
casing, which is connected in parallel with the enclosed fuse, and
which is melted at the same time as the fuse, shows when it has
melted (or " blown ").
A fuse must be inserted in each wire of every circuit ; that is,
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for a two-wire system two fuses are used, and for a three-wire
system three fuses are used. Fuses are placed at every point
where a change is made in the size of the wire. The size of
fuse is determined by the maximum safe carrying capacity of
the part of the circuit it protects.
For protection against overloading due to excessive currents
of short duration, a device known as a " circuit-breaker" is used.
A well known form of circuit-breaker is shown in Fig. 125. The
current passes through the solenoid coil, B, and tends by magnetic
attraction to draw the movable plunger, C, upward into the coil.
As the current increases, the attraction increases correspondingly,
and finally when it becomes great enough to overcome the weight
of the plunger, the latter is caused to strike against the push pin, E,
which in turn strikes the trigger N. This releases first the switch

Fig. 124

arm, by the displacement of the retaining latch, F ; next, the
upper part, H, of the trigger strikes the plate, K. and starts the
movement of the switch arm. The movement is continued by
means of the spring, 0, which acts through the plunger J, against
the plate K, on the switch arm, and pushes it beyond the point at
which the contact is broken and the circuit is opened. The final
break is made between carbon plates, in order that the arcing may
not take place between the terminals and injure them. When,
however, the circuit breaker is entirely closed, contact is made
between the copper plates, because the conductivity of the copper is
much greater than that of the carbon, and also for the reason that
better contact can he obtained with copper. The screw, M, at the
lower part of the device is used to adjust the plunger so that it will
operate at the desired current strength ; the farther up the plunger,
the less the current required to make the cienit-breaker open. The
lock-nut T serves to hold the adjusting screw in place. Double-pole
circuit-breakers are also used, but their mode of operation is
precisely the same as the single-pole type.
Circuit-breakers are also arranged so that in addition to
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operating under the influence of excessive current, they will act
when the current is entirely interrupted or is reduced to a certain
minimum value. The former type is used on motor circuits, so
that if the current is cut off, the motor will come to rest and cannot
be injured when the current is again thrown on before the starting
resistance is in. Those of the latter types are used for protect-

ing storage batteries, and operate either on a short circuit or when
the current reaches the smallest value at which it is safe to operate
the battery.
Arc-Lighting Switchboards. Switchboards for arc-lighting
circuits are very simple compared with constant potential boards.
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The difference arises from the fact that each machine is arranged
so as to feed into a single circuit, and also because circuit-breakers
are not required.
Alternating Current Switchboards. The construction of
alternating current switchboards is substantially the same as that
of continuous current boards, except that more instruments must
be used, and insulation must be of increased strength. Where currents of high voltage are handled the switehes are generally placed
at a considerable elevation above the floor, and are separated from
each other by means of marble or concrete slabs so as to prevent
arcing from one to another. The construction of the switches
is also considerably modified, and for strong currents they are frequently made so as to operate by electro-magnets or compressed
air. Switches are also made so as to be immersed in oil for the
purpose of reducing the sparks, when the contacts are separated.
When alternating current generators are run connected in
parallel, it is necessary to provide apparatus to make it known
when the machines are running in proper relation to each other
to be connected. With continuous current generators all that
must be done in connecting them in parallel is to look after the
voltages of the machines, which must be the same; but with
alternating current generators, it must be seen that they are running
at velocities that will make the frequencies the same, and, further,
that the currents are in phase with each other ; in other words,
the machines must be synchronized as to frequency, and the currents must be brought into phase before they can be connected in

•;N sli

parallel.
High Tension Switches. In power transmission plants, where

the energy of waterfalls is transmitted to a long distance by
means of polyphase currents, very high electro-motive forces are
used, ranging all the way from 10,000 to 40,000 volts, and the
switchboards made for such installations have to be arranged so
as to safely stand such pressure. The switches and circuit-breakers
used are of special construction so as to produce a long break
when they are open. In addition, these devices are separated
from each other by barriers made of suitable insulating material,
so that the arcs produced on opening the circuit may not jump

across from one to another.
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THE ELECTRIC STORAGE BATTERY.

In the earlier days of engineering, when storage batteries were
first used, nothing gave the attending engineer such trouble as did
the storage battery room, and many were the hard things said
about these nasty smelling liquid electricity storehouses. There
is not a piece of apparatus used in engineering that can be said to
be ideal, and whenever a list of advantages of a machine or piece of
apparatus is mentioned, there can always be presented a list of
disadvantages, especially in a comparative degree. Take the reciprocating engine; many as are its advantages, numerous disadvantages can easily be thought of ; the same is true of the steam
turbine, the water-tube boiler, the fire-tube boiler, and so on all
along the line.
Use of Storage Battery. There are two cases in which the use
of the storage battery has come to be of the highest benefit in spite
of its numerous disadvantages. The first is to take care of light
loads, allowing the moving machinery to shut down and the boilers
to be put out of commission as is often done at many plants in the
summer, and the second is to take care of what is called the peak of
the load. In the first case, the expense of running a power plant on
light loads is excessive, so that the doing away with the necessary
expense at such times will often result in great saving by using the
storage battery. In the second case, in almost no electrical plant is
a uniform amount of power used. In lighting work there
is a variation, something like that shown in the diagram, Fig. 126,
where during the hours of from four to six or eight comes a very
heavy load. The storage battery can be used to great advantage in
supplying the power represented by the upper part of this curve,
the batteries being charged while the load on the dynamos is light,
and used in parallel with the generators so as to take a part of the
load between the hours when the "peak" occurs. In this way the
boilers, engines and dynamos are able to work at a more uniform
load, and therefore they run more economically than they otherwise
would.
Troubles with Storage Cells. The principal troubles of storage cells are short circuiting, buckling, sulphating, weakened
electrolyte and worn-out plates. Short circuits are usually caused
by buckling of the plates, or by the dropping of portions of active
materials of the plate which, in time, form between the positive and
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negative plates a connection which causes loss of charge and destruction of the plates if not noticed. It can be caused by the sediment in the bottom of the jar or tank. A buckled plate is usually
caused by a continued excessive overcharge, or a heavy discharge.
To assist in preventing it, the plates are separated by glass or rul:e
ber distance pieces. If the plates are not badly damaged by buckling, they can be driven apart by a wedge and operated, but when
they are burned together, the plates must be repaired before again
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using. Sulphating is caused by carrying the discharge of the battery too far, or letting it stand too long without recharging. This
is remedied by constant charging.
Short circuiting may also occur from sediment in the bottom
of the cell. The depth of this sediment usually increases with
the age of the cell, until the bottoms of the plate are submerged in
it. This win either completely short circuit the cell, or will cause
it to rapidly deteriorate, and the proper remedy is to draw off the
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acid and remove the sediment either by washing or scraping it out.
A source of trouble and a cause of much expense is the wearing out
of the plates. This always happens to every plate after being in
use a certain length of time, the positive usually being the one to
wear out first. This trouble can generally be found by noting
the voltage of discharge or charge.

of a voltmeter and hydrometer is necessary, as the greater part of
the troubles found in storage cells can be attributed to the improper
voltage or a wrong specific gravity. The voltmeter should be connected in succession to each cell of a battery and the readings compared to see if they are uniform, the cells giving low reading requiring attention. The hydrometer gives the density or specific
gravity of the solution. The regular use of these two instruments,
a careful attention to the discharge rate, regular inspection of the
cells, and the making good of water lost by evaporation, so as to
keep the tops of the plates always covered, constitute the most vital
points connected with the use of the storage battery.
Charging. There are three ways in which a battery may be
charged : at constant voltage, at constant current, or at constant
wattage, the most usual method being that of charging at constant
current. This is done by regulating the voltage of the charging
current so that the proper current will flow through the cells, the
proper charging current being one-eighth the capacity of the cell
for an eight hour discharge. If a cell be rated at 2,000 ampere
hours for an eight hour discharge, then the proper charging current
would be 250 amperes.
Chloride Cells. Before going further, it may be well to describe, briefly, the storage battery as it is made and used in practice.
The type in most general use is known as the chloride cell, manufactured by the Electric Storage Battery Co., as shown in Figs.
127 and 128. It consists of two or more lead plates suspended in
sulphuric acid, and derives its name from the fact that lead chloride
is used as the active material between the leaden bars that go to
make up the body of the plate. These plates are then suspended in
a bath of zinc chloride, together with a zinc plate, with the resulting formation of zinc chloride and pure lead, instead of the
lead chloride. The zinc chloride dissolves away and leaves the
active material in the form of a finely divided or spongy lead.
The object of securing this spongy form of lead is to present as
much surface as possible to the action of the sulphuric acid in the
cell. To form positive plates they are taken and suspended in
dilute sulphuric acid, and a current sent through them. The
positive plates become coated with a reddish-brown substance,
which is known as peroxide of lead. Hydrogen bubbles collecting
on the negative plate attack any oxide that may have remained on
it and leave a clean surface of lead. After the plates are charged,
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Fig. 127
The fact that many of these troubles are frequent has not interfered with the use of these batteries, as with careful attention
and constant repairs many of the inherent defects are so lessened as
to make them as reliable as any other piece of mechanism which
requires attention, and which will also act mean and spiteful if not
properly treated.
Care of Storage Cells. In the care of cells, the frequent use
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they are discharged, and in order that the oxidation of the positive
plates should go further, they are charged and discharged again.
As this peroxide is the active material of the cell, the amount of it
produced determines the capacity of the cell; therefore, the plates
are alternately charged and discharged, so that the layer of lead
which becomes oxidized during the charge may be as deep as pos-

then a negative, and so on, there always being one more negative
than positive plates. All the negative plates are connected together with a lead strip and similarly a]1 the positive plates.
Each of the plates is separated from the other by a space about
one-eighth of an inch wide, which is filled with dilute sulphuric
acid.
After the completely formed positive and negative plates are
put in a jar or tank with sulphuric acid, and are electrically connected so that current flows from them, the plates are chemically
changed. The red peroxide on the positive plate is changed to
lead sulphate, and the pure spongy lead on the negative plate is also
changed to lead sulphate. This is called sulphating of the cell, and
the discharge should never be allowed to go below S. certain voltage
in order to prevent injury to the plates due to this cause.
When the cells are recharged by sending the current through
the cell in the reverse direction, the sulphate of lead on the positive
plate is again changed to peroxide of lead, and the sulphate of lead
on the negative plate is changed to metallic lead, and with each
charge and discharge of the cell these chemical actions take place.
When a cell is completely charged, large amounts of sulphuric
acid gas are given off. The positive plate will assume a dark
chocolate-brown color, and the negative plates will have a greyish
or slate color. When the cells are discharged, the color of the
positive plate will change to a yellowish-brown, while the negative
will darken considerably.
The looks of the battery have, however, very little to do in
determining when the charge or discharge of a battery should
be stopped, the voltage and specific gravity being the determining
factors. In general practice, a battery may be said to be fully
charged when the voltage does not increase for at least fifteen
minutes with a constant current flowing through it. This voltage
will be the maximum, as will also be the specific gravity of the cell.
The effect of charging a cell is to increase its specific gravity, and
when this is the maximum the cell may be said to be fully charged.
The normal charging voltage is usually 2.5 when the battery is new,
and 2.4 after it has aged, when the temperature of the electrolyte
is about 70 degrees.
Voltage of a Cell. The voltage of a cell will be about 2.2
when fully charged, and should never be allowed to fall below a
voltage of 1.7. When a cell has reached this point, any further
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sible. There is a limit to the depth of this peroxide, beyond.
which the chemical action will not penetrate, and when this is
reached the forming process is stopped. The peroxide plate, which
is reddish in color, is the plate from which the current flows during discharge and is called the positive plate. The grey colored
plate is the one toward which current flows during discharge, and
is consequently called the negative plate. In making up a storage
cell, a negative plate is used on the outside, then. a positive plate,
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discharge will cause a very rapid falling off in the voltage, and
when it has reached this point, not only should it no longer be
used, but it should be immediately recharged. A battery that is
left standing when it is discharged will deteriorate very rapidly,
the above-mentioned sulphating doing the damage. The variation of the electro-motive force during the time of charge and discharge can be shown by the accompanying diagram, Fig. 120, the
curve showing the rise and fall of the voltage of each cell compared
with the number of hours of charge or discharge.
The specific gravity also rises and falls as the cell is charged
and discharged. This variation should not in general exceed 35
points. That is, if the specific gravity of a cell be L21 when it is

ing goes on and as it is desired to run 110-volt lamps and charge the
cells at the same time, it is, of course, impossible to raise the voltage
of the lighting dynamo, so an auxiliary dynamo or booster is employed, its armature being put in series with the cells, and its
field varied by its rheostat so as to give enough additional volts for
charging at the proper rate. The general arrangement for doing
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VARIATION OF ELECTRO-MOTIVE FORCE DURING CHARGE
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fully charged, it should not be less than 1.175 when it is fully discharged.
Methods of Charging. Owing to the fact that the electro-motive

ARRANGEMENT FOR CHARGING AND DISCHARGING USING BOOSTER.

force of a cell increases with the charge and decreases with the
discharge, it is necessary to have special arrangements by which a
dynamo while supplying lights may charge a battery of cells, and
by which the electro-motive force of a set of electric cells may be
kept constant while they are supplying lamps. Suppose on a 110volt circuit we have the usual number of 00 cells. When fully
charged, as each cell has an electro-motive force of 2.2 volts, the
total electro-motive force of the 60 cells is 132 volts. As the charg-

this is shown in Fig. 130. B is the booster and R is the rheostat,
V is a voltmeter and A an ammeter, so arranged that its needle
stands at zero when no current is passing through it, moving to one
side when the charging current is passing through it, and to opposite side for a discharge current. K represents the main battery and II the end cell switch which throws the cells in and out.
S is a double-throw switch, which, in one position, connects the

Fig. 130
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batteries to the lamps to be supplied with current, and in the other
position connects it to the dynamo for charging. E is a switch
for connecting the voltmeter, so as to give the voltage of the battery, the line, the charging dynamo and the booster respectively.
When nearly discharged, as each cell would give out 1.8 volts, the
combined voltage would be 108 volts, or just what is desired.
When the cells are fully charged, a sufficient number must be
switched out of circuit to bring the voltage down to 110 volts.
As the cells discharge and their electro-motive force falls, these
cells are switched back into the circuit one at a time till at the
end of the discharge they are all in circuit. The arrangement for
doing this is known as the end cell switch. It consists of a number
of contact pieces which lead off from a number of batteries to a
double set of switch contacts, which are connected to the distributing bar, which connects with the switchboard. The brush contacts are mounted and driven by a worm, which is usually
operated by a motor, but which can be moved by hand.
The arrangement for charging is somewhat more complicated.
As the electro-motive force of the cells and the booster rises, 0 is
an automatic circuit breaker which will operate if too much current is taken from the batteries. C is a circuit breaker which
will open the circuit if the charging current becomes less than a
certain value. This last is necessary if a compound wound dynamo is used, in order to protect the dynamo from having a reverse
current sent through it from the battery if by accident it was
slowed down or stopped before the charging switch was opened.
Rating of Storage Batteries. Storage batteries are rated according to their capacity, the usual unit used for this purpose being
the ampere-hour. A cell that has a capacity of 500 ampere-hours
is one which, when discharged at its normal rate, gives out a certain
number of amperes, so that the product of the current times the
number of hours gives the capacity of a cell ; that is, if a cell
gave out 50 amperes for 10 hours, without. carrying the voltage
below 1.8, the cell would be said to have a capacity of 500 amperehours.
When a booster is not available when charging the cells from
a dynamo whose voltage cannot_ be raised, a method often resorted
to is to split the battery in half and charge each half separately,
throwing resistance into the circuit in order to cut down the voltage
to the required amount. Fig. 131 shows a circuit of this kind in
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which BB are the two halves of the battery, 0 is the overload
switch, C the unclerload switch, R the rheostat, A the ammeter,
which shows both the charge and discharge current, 0 is the generator, L the lamp circuit and S and J the double-pole double-throw
switches. When S is shut one way and switch T is thrown to the
left, the battery is charging. If S is shut the other way and
switch T thrown to the right, the battery will discharge in series,
the connection being so arranged that the underload switch is cut
out.
As a storage battery must be charged with direct current when
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SPLIT BATTERY ARRANGEMENT FOR CHARGING STORAGE CELL&

used in connection with an alternating system, a rotary transformer
must be inserted to straighten out the current. As usually installed, an induction motor is connected to a generator which
charges the batteries in connection with a booster set.
Storage batteries are extensively used for train lighting in connection with a generator and booster. This system is one in which
the load on the generator is kept constant by the automatic distribution of its output through the medium of the counter electromotive force booster to the electric lights and the batteries, accord-
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ing to requirements. If the number of lights burning requires the

one which is a combination of mechanical and electrical methods.
Before touching upon these methods employed, however, it might
be well to see what are the variables which affect the efficiency of
a motor. To begin with, there is the self-evident friction load of
the motor, which includes the friction of the bearings, the friction
of the brushes and the windage loss due to the revolving armatures.
Then there is the hysteresis and eddy current loss in the iron discs
which make up the body of the armature; there is the loss due to
the heating of the armature conductors, due to the current passing
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total energy of the generator, the batteries will receive no charge.
If the number of lights is equal to only one-half the capacity of the
generator, the other half of the capacity will go into the batteries,
the voltage of the generator remaining constant. The booster set
automatically furnishes what additional voltage is necessary to
charge the batteries. The batteries supply the lights when the
train is at rest. There are many other modifications of the booster
system in connection with the storage battery, such as with a
500 volt system, a three-wire system, etc.
Care of Batteries. A few points which must be followed to
get the best results are as follows: Accessibility is one of the main
objects in the location of the batteries, as they must be inspected regularly. The bolts and nuts between the batteries must be tight. All
contacts should be kept clean and bright with crocus cloth and the
moving parts regularly oiled. If the switches are mounted near
the acid fumes, the iron parts must be painted with asphaltum paint
and the copper and brass work rubbed over with oil or grease to
prevent corrosion by the acid trickling down the sides of the cell,
and for this reason they should be allowed to stand in oil or sawdust. All conductors and connections should be wiped frequently
with linseed oil to prevent corrosion.
The specific gravity of the sulphuric acid solution should be
about 1,200, and the temperature should never be allowed to
exceed 100 degrees. The plates should be all covered by the
electrolyte, and as soon as the electrolyte is put in the cells they
should be immediately charged. Charging at a higher rate than
allowable is worse than over-discharging, the results being buckling
or blistering of the elements, owing to the rapid formation of gas
and its slow liberation. The effect of over-discharging is to cause
sulphating, which increases the internal resistance of the cell awl
is difficult to get rid of. Frequent small charges and discharges
keep the cell in better condition than when left standing for a long
period. In adding water or acid to a cell to change its specific
gravity, do it after a charge and never during one.
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METHODS OF TESTING ELECTRIC MOTORS.

When testing an electric motor for efficiency, there are two
methods which may be used: one which is strictly electrical, and
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Fig. 132

through them, and finally there is the loss due to heating of the
field coils.
Efficiency of a Motor. The efficiency of a motor depends
directly upon these losses. The greater they are, the less is the
amount of useful work given out in proportion to power absorbed
and the less, therefore, the efficiency. Some of the above-mentioned
losses are constant, so that it is very evident that a motor which
is lightly loaded is very much less efficient than one run at or near
its rated capacity. If a curve be plotted between the per cent of
rated load and the efficiency of an average well-designed shunt
motor, the curve of efficiency will take the form shown in Fig.
132. From the curve it will be noticed that while the efficiency of
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the motor is about. 65 per cent at one-quarter load, it is SO per cent
at half-load, 86 per cent at three-quarters load and 88 per cent
full load.
Electrical Method for Finding Efficiency. When testing a motor,
there are two electrical instruments which are necessary: the voltmeter and the ammeter, and for commercial purposes these will
be sufficient if the voltmeter and ammeter can be read to a fraction
of a volt and ampere. If the voltmeter and ammeter have only
high reading scales, then some other instruments or methods must

load by placing the ammeter in series with the field. This amount
of current should be maintained when the test is being made for
resistance and the readings should he taken when the field coils are
warm, because the resistance of wire is greater when it is hot than
when it is cold.
Referring to Fig. 133, FF are the field coils, A the ammeter,
the
voltmeter, and R the adjustable resistance. If the voltmeter
V
reads 110 volts, and the ammeter roads 1.5 amperes, then the
resistance of the fields is equal to the volts divided by the amperes,
or 110±1.5=73.3 Ohms. Since the number of amperes flowing

Fig. 134

_Li
Fig. 133
be used for finding the armature and field coil resistance when
testing the motor by the electrical method.
Assuming, then, that the voltmeter and ammeter can be read
to a fair degree of accuracy, the first step that is necessary, when
testing the motor according to the electrical method, is to find the
resistance of the armature and fields. To find the resistance of
the fields, the field terminals are disconnected from the armature
terminals and should be connected as shown in Fig. 133. Before
making this test, however, the amount of current passing through
the field should be determined when the motor is running under
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through the field coils is low, the accuracy of the result is based
upon how accurately the ammeter can be read.
In making the tea for the resistance of the armature, care
should be exercised that too great a current is not passed through
the armature coils, or they will be burned out. The voltage should
not exceed about 2.5 per cent of that used by the motor. When the
service mains are used for furnishing the current, there should be
a resistance put in series to cut down the voltage to that amount.
The arrangement of connections is sown in Fig. 134. A is the
ammeter, which is connected in series with the armature, R is the
adjustable resistance, and V is the voltmeter connected across the
brushes of the commutator. Suppose,then,the voltage is 2 volts and
the current passing through the armature coils 80 amperes, then the
78
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resistance will be 280--=.025 Ohms. In making the test for
the armature resistance, care should be taken that the brushes are
set exactly on the commutator bars directly opposite each other.
Having found the resistance of the field and armature, the
motor should be connected up and run -with no load on it, and the
amount of current and voltage which it requires found. Suppose
that at 110 volts it requires 8.5 amperes to turn it at its normal
speed, then 110X8.5=935 watts. This power represents the heat
lost in the armature and field plus the losses which are considered
as constant at all loads. These constant losses are those due to
hysteresis, eddy currents, windage and friction. They are equal
to the no-load input minus the no-load armature and field losses.
Suppose that 165 watts are lost in the field and 560 are lost in
the armature, due to the no-load current, then 935—(560+165)=-.
210 watts constant loss at all loads.
Now throw the load on the motor and find the number of amperes
and volts required to run the motor with that load at its normal
speed. Suppose it takes 60 amperes at 110 volts, then 110 X60=
6600 watts, the amount of power put in the motor. Of the losses,
210 watts are constant in the armature and 165 watts are lost in
the field. Since it is known that resistance of the armature is
.025 Ohms, then 60X.025=1.5 volts are absorbed by the armature,
or 1.5X80=120 watts, which is the armature loss at the given
load. Then, 210+165+120=495 watts are absorbed in the motor,
so that 6600-495=6105 watts are available for useful work.
Then, 6105-÷-6600=-92.5 per cent efficiency.
If the above steps are understood and there are two voltmeters
and two ammeters available, the process can be applied by making
the connections as shown in Fig. 135. Run the motor at no-load,
as before, and take readings of the voltmeter and ammeter in the
armature circuit. If the resistance of the armature is known, the
constant losses can be obtained by subtracting the CSR losses in
the armature from the total power. Then throw on the required
load and read the instruments in the armature and field circuits.
The product of the readings of the voltmeter and ammeter in the
armature circuit, added to the product of the readings of ammeter
and voltmeter in the field circuit, gives the total power put in. The
total losses are the constant losses and the losses due to heating of
the armature and field coils. These latter can be obtained by multiplying the square of the current by the resistance of the coils, or if
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by the current to
get the power lost. In all cases, the machine at the time of no-load
test should have the same temperature as it would have under the
load for which the efficiency is being calculated.
In case a compound wound motor is being tested for efficiency,
the same method applies, except that the resistance of the series
coils must be known, and since they are in series with the armature,
the armature current squared and multiplied by the series field rethe drop of voltage is known, it can be multiplied

Fig. 135
sistance gives the loss in those field coils. This loss must be added
to the shunt field loss to get the efficiency. Unlike the shunt field
loss which is practically constant for all loads, the series field loss
varies proportionally with the load.
Prony Brake Method for Finding Efficiency. The best and most
satisfactory method for the practical man and one which applies to
all kinds and forms of motors is the mechanical-electrical method.
The electrical input is measured by a voltmeter and ammeter, and
the mechanical output is measured by some form of dynamometer,
usually of the kind known as the Prony brake. Then the efficiency
is found by dividing the number of watts absorbed by the brake
by the number of watts put in the motor. There are many kinds of
brake or absorption dynamometers that may be used for this test.
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A very simple one used for motors of small size is the strap brake,
shown in Fig. 136. A piece of leather belting and two spring balances are all that is necessary, except a form of turn-buckle, which
can be used for raising and lowering one of the balances to give the
proper tension to the belt.
The formula for finding the amount of power absorbed by the
dynamometer can be obtained from the following:

that case being allowed to rest on a prop which in turn rests on a
scale. The formula for the power absorbed is

Watts absorbed=

6.28 rIT (P—P')
33,000

X746

in which r=radius of pulley in feet.
V=number of revolutions per minute.
P=-.pull on one balance.
P'=pull on other balance.
(P—P))=difference in pounds.

Fig. 136

Fig. 137

The factor 33,000 is used to get the number of foot pounds absorbed into horse power, and the factor 746 is used for getting the
horse power into watts.
Fig. 137 shows a form of brake which is applicable to larger
machines. It may be made, as shown, with wooden blocks, or it
may be made with a metal strip having spaced blocks on its under
surface which rests against the wheel. In the place of the spring
balance, a. platform scale may be used, the lever arm of the brake in
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Watts=6.28 rVP
33,000

in which r=perpendicular distance from Xtbe74c6enter of the pulley to
the line of action of the scale in feet;
V=ntunber of revolutions per minute
and P=-the scale reading in pounds.

The value of P represents the value due to the turning of the
pulley, so that the weight due to the brake should first be found
and subtracted from the reading when the test is being made, or
the brake can be poised so as to give a zero reading on the spring
at no-load.
One objection to the dynamometer method is that when large
motors are tested, excessive heat is generated at the surface of the
pulley. Some means are therefore necessary to carry the heat
away. This is generally accomplished by flanging the inside of the
brake wheel, which forms a trough into which water is kept running. Centrifugal force throws the -water against the internal
circumference of the wheel and the hot water is removed either by
a scoop or it may be allowed to evaporate.
When testing alternating current motors for efficiency, the
dynamometer method should be used. The input of the motor
should be determined by a wattmeter, and the ratio of the amount
of watts absorbed by the brake to the amount put in as read on the
-wattmeter will give the efficiency. The readings of the ammeter
and voltmeter are not sufficient to find the power absorbed on
alternating current circuits on account of the power factor involved; the only exception to this is on circuits which have only a
non-inductive load, such as a circuit containing incandescent lamps.
A circuit of this kind has a unity power factor, but a circuit like
this is very rare in commercial practice. Any iron in the circuit
will cause the current. to lag behind the electro-motive force, and
any condenser effect in the circuit will cause the current to lead
the eleetro-motive force.
CONNECTIONS FOR STARTING MOTORS.

Motors for ordinary service are provided usually with a
simple shunt field winding, but sometimes with a composite wind-
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ing. When the armature is at rest, there is, of course, only the
resistance of its winding and connections to oppose any flow of
current through it, and this resistance is always made as low as
possible in order to secure good efficiency. The rush of current
through it, if connected directly to the circuit when the armature
is motionless, would be many times greater than full load current;
therefore when the motor is to be connected to the supply circuit, it
is customary to put extra resistance in series with the armature in
order that the initial rush of current may not be so excessive as to
damage the winding, the general arrangement of connections being
shown in Fig. 138.

the main switch must be opened first, and then the rheostat moved
back to its starting position.
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In all modern motor-starting rheostats, the lever is held in the
running position either by a magnet or by a latch which is under
magnetic control. The magnet coil is connected in series with the
field winding, so that when the main switch is opened the magnet
is de-energized, and, therefore, releases the starting lever. A
spring is permanently attached to the lever, and serves to throw it
back to the starting position automatically as soon as the magnet
releases it. Fig. 140 shows the connections of such a starting box,
the lever-retaining magnet being shown at m, and the lever being
provided with an iron armature, a, which is brought into contact
with the magnet poles when the lever is moved to the running

Fig. 140

Fig. 138
position. The object in providing this arrangement is to insure

The starting resistance is so chosen that the current, which
will pass through the armature before it gets into motion, will not
be sufficient to damage it. After the first rush of current, the
armature starts to turn and immediately generates a counter
electro-motive force which cuts down the current ; some of the starting resistance is then cut out of the circuit, allowing the armature
to increase its speed and hence its counter electro-motive force.
This process is continued until all the starting resistance has been
cut out, leaving the brushes connected directly to the circuit.
The arrangement for cutting the resistance out of circuit is called
a motor-rheostat or starting box. When shutting the motor down,

that the lever will be returned to the "off" position whenever the
current supply to the motor is cut off, either intentionally or accidentally, so that when it is desired to start up again there will
be no liability to having the motor thrown into circuit while all of
the starting resistance is cut out by the lever.
The reason the magnet is inserted in the field winding circuit
is that it may cause the lever to be thrown to the "off" position in
the event that the field circuit should be accidentally broken. If
this should occur with an arrangement like that shown in Fig. 139,
while the lever is at the right-hand end of its travel, thus cutting all
the resistance out of the armature circuit, an enormous current
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would flow through the armature, as the field magnet would be demagnetized and thus stop the generation of the counter e. m. f. by
the armature. With the arrangement shown in Fig. 140, the opening of the field circuit (lemagnetizes also the retaining magnet m,
and the lever opens the armature circuit.
When the main switch is opened in order to shut down the
motor, and the lever is thrown back by the spring, the field-winding
circuit is opened, and the sudden cessation of magnetism in the
magnet core induces an instantaneous e. in. f. in the winding,
which is very much higher than the e. m. f. applied to it in ser-

protection, because a c]ose-circuited coil on a magnet core tends to
"kill" any self-inductive effect by providing a path for the induced
current, the direction of which is such that it tends to maintain
the original magnetization of the magnet core. In other words, the
self-induced current is allowed to "choke" out. the e. m. f. that
causes it to flow. The method shown by Fig. 141, however, is not
so effective as the method of connection shown in Fig. 142, which is
commonly used by American builders. Here the field winding is
always connected to the brushes through the starting resistance, and
when all the resistance has been cut out of the armature circuit,
the field M inding receives current from the supply circuit through
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M.9
Fig. 142
Fig. 139
vice. The self-induced e. m. f. is likely to puncture the insulation
of the winding, and in order to avoid this liability the arrangement
indicated in Fig. 141 has been used. This serves to connect the
field winding to the armature immediately after the lever has disconnected the armature from the wire leading to the main switch,
and while the armature is still turning over ; this connection is
shown by the diagram. The result of this connection is that the
counter e. m. f. of the armature supplies a small current to the
field winding, which prevents the rapid decline of magnetic excitation that induces the dangerous e. m. f. under the conditions just
described.

Even if the armature has come to a standstill before the lever
flies back, the fact that the field winding is not open-circuited is a

the resistance. The exciting current. is so small, however, that the
"drop" due to its passing through the resistance is never serious.
When compound-wound motors are used for ordinary service,
the function of the series field winding generally is to supply an
extra strong field during the process of starting the machine up, so
as to obtain an extra torque. In most eases, the arrangement of the
starting box is such that the series winding is cut out of circuit
after the machine has been brought up to speed. The connections
of such a starting box are shown by Fig. 143, where the series winding is indicated by the coil S, and is connected between the last
two buttons of the rheostat. The result of this arrangement ohviously is that the series winding remains in circuit until all the
starting resistance has been cut out, when the movement of the
lever from the seventh to the eighth button cuts out the series

winding.
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With the lever in the full running position, the shunt winding
receives its current, as in the case of Fig. 142, through the starting
resistance. The exciting current also passes through the series
winding, S, but passes through it backwards, so that this winding is
magnetically opposed to the shunt winding. The ratio, however,
between the number of turns in the shunt winding and the number
in the series winding is so great that the demagnetizing action of
the series winding is practically negligible. If it were appreciable, the effect would be to reduce the variation in the speed of the
armature by weakening the field as the load increases and strengthening it as the load decreases ; as explained previously, strengthening the field causes the armature speed to drop, and weakening it

METHODS OF REVERSING MOTORS.
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Fig. 143
has the reverse effect so long as there is sufficient field to give the
torque required by the load ; this action of the series winding in the
case under discussion would tend to compensate for the variation in
speed due to the variation in voltage drop in the armature when
the load varies.
In some cases the series winding is left permanently in circuit, but this is not usually advisable, for the reason that it entails
excessive irregularity in the speed of the machine. With a series
winding constantly in circuit the strength of the field is greater
with a heavy load than with a light load; consequently the drop
in speed will be greater as the load increases than it would be if the
series winding were cut out.
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In order to reverse the direction of rotation of a motor, it is
necessary to reverse eit her the armature or field terminals, but not
both at the same time. If both the armature and field terminals
are reversed at the same time, the direction of rotation will not be
altered.
If a motor is in operation and it is desired to reverse it, allow
the speed of the armature to fall a large per cent below normal, or
to come to a stop before throwing the switch to the reverse position.
If the switch is thrown to the reverse position while the motor is up
to speed, its counter e. m. f. will be added to the applied e. m. f.
instead of opposing the latter, as under ordinary conditions, and
will send a large current through the armature which would be
equivalent to a short-circuit.
In the case of a shunt-wound motor, a starting resistance must
always be inserted in series with the armature, as the field coil is
shunted across the line, thus leaving the armature to be connected
directly to line. If the "dead" armature of the shunt-wound motor
were connected directly to line, a large current would flow through
the armature, owing to the low resistance of the latter, and in the
failure of the fuse or circuit-breaker to open the circuit promptly
a "burn-out" would result.
Reversing Alternating Current Motors. To change the direction of rotation of alternating current motors, proceed as follows:
If the motor is a single-phase synchronous motor, simply drive it up
to synchronism in the opposite direction, and when in synchronism
connect it to the alternator. If the machine is a single-phase induction motor, having a phase splitting arrangement, reverse the
terminals of one set of coils of the motor, leaving the other two connections unchanged. When the motor comes up to speed, the
ohmic resistance and the inductive resistance are short-circuited so
that the machine runs as a single-phase motor. For a two-phase
motor, reverse the two wires of one phase, leaving the two wires of
the other phase the same. If the machine is a three-phase motor,
reverse the connections of two of the three line wires.

PRINCIPLES OF ALTERNATING CURRENTS.
While the alternating current generator was one of the earliest
forms of generators, yet its commercial application dates back
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only a few years when compared with the extended use of its
direct-current brother. It iq very probable that had the practical utilization of alternating currents been foreseen, the use of the
direct-current generator would to-clay be very much restricted, but
as the earliest inventors could only see the application of a current
which flowed in one direction, naturally they bent their efforts to
perfecting this type of machine.
It was not until the transmission of power in large quantities
raid ortr long distances came into vogue that the limitations of the
direct-calrent machine and the direct-current method of distribution began to be felt. The transmission of power with direct currents, on acctunt of the limitations of the commutator, necessitated
a comparative:y low voltage, which demanded lines as large in
diameter as one'd wrist, while with alternating currents almost any
voltage can be transmitted over wires no larger than the finger.
This advantage, together with the flexibility of the alternating current voltage, the the of the transformer and other important
features, has caused it to become widely used.
In the development of the alternating current, many terms
were used which even to this day are enigmas to those who have
not had the opportunity of being connected with an alternatingcurrent plant, and even tc those who do use the various terms connected with the alternating-current industry, their meaning is not
clear.
Unlike the current rt-om the direct-current generator, the
alternating current rapidly changes its value and direction at
periodic intervals. Such a current reaches a maximum, declines
to zero, attains a maximum in the opposite direction and decreases
again to zero. This variation of the current or of the impressed
elertro-motive force in its s implest. and ideal form follows the law
of simple harmonic motion and may be represented by the projection of a point moving in a circle with a constant velocity, as shown
in Fig. 144.
In this figure the point P on the circle is considered as moving
with a constant velocity, and its projection on the diameter is the
value of the pressure at any instant of time. The circle represents
a complete revolution, or cycle of change, of the current or the
electro-motive force, while the straight line to the right is the
development of the circle expressed in degrees, 360 of which constitute one complete period. On this line the instantaneous value
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of the current or electro-motii•e force for every position of the point
P is plotted, and the curve drawn through these points, obtained
for the complete revolution, gives a sine curve. In practice, however, the true sine curve is never obtained owing to the irregular
magnetic field, but for most commercial purposes the variation is
not so great but that the electro-motive forces may be considered as
simple harmonic quantities.
In its general form, the formula for the flow of current in
alternating systems is similar to that used for determining the
flow in a direct-current system. It differs from Ohm's law only
in the introduction of certain factors which, however, are sometimes so complicated as to disguise the equation between the current, electro-motive force and the resistance. The value of these
factors depends upon the properties of a conductor when under the

Fig. 144
influence of an alternating current. They are the inductive, capacity and virtual resistance.
When a current flows through a wire, the wire is surrounded
with a magnetic field, which, in the case of a direct current of constant potential, has no effect upon the circuit. Since this counter
electro-motive force is greatest when the current in the circuit is
passing through zero, it is a maximum 90 degrees later than the
flux and the current prod; zing the flux.
The effect of this counter electro-motive force is such that,
when an external electro-motive force is applied the current does
not attain its maximum immediately, and when the impressed electro-motive force is withdrawn the current still flows in the circuit.
The effect then of self-induction is to cause the current to always
lag behind the electro-motive force in much the same manner as the
inertia of a flywheel keeps it moving when the driving power is
withdrawn. The strength of the induction is determined by the
current and also upon the kind of circuit. One circuit can also
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be acted upon by an adjacent circuit, causing in the first circuit an
electro-motive force of self-induction to be set up. This is called
mutual inductance. Inductance can, therefore, be defined as that
quality of a circuit which determines its inductive effect. The
unit of measurement is called the henry.
Capacity. The capacity of a circuit depends upon the quality
which it possesses of being able to hold a quantity of electricity.
An arrangement of conductors so placed as to have a large capacity
is called a condenser. Insulated lines act more or less like condensers. The effect of capacity is opposite to the effect of inductance.
It gives a leading current, so that in a circuit where there is capacity the current may lead the impressed electro-motive force in
phase. The unit of measurement of capacity is called a farad.
Inductance. To drive a certain amount of current through
an alternating system of conductors having inductance requires a
greater electro•motive force than is needed in a direct-current system to produce the same current. The inductance of a circuit
determines the counter electro-motive force, so that it must be
overcome by an amount equal to it to produce the required amount
of current. Since the effect of inductance always tends to lag SO
degrees behind the current, and is greater when the current is
reversing its direction of rotation, the relation of the resultant
electro-motive force, impressed electro-motive force and the inductance electro-motive force can be shown by a right angle triangle,
shown by Fig. 145.
The horizontal line represents the amount of electro-motive
force necessary to drive a current through a circuit without inductance, but if there is an amount of inductance in the circuit
represented by the vertical leg of the triangle, the length of the
hypothenuse will represent the amount of impressed electro-motive
force necessary to produce that same current in the circuit.
The impedence in an alternating-current circuit is the total
opposition to the flow of current. It determines the maximum current that can flow with a given impressed electro-motive force. It
is made up of two factors: the resistance and reactance. Reactance is the effect of self-induction expressed in ohms. The relations of resistance, reactance and impedence are shown in Fig.
146, the length of the two legs of the triangle being laid off to their
respective values, from which the hypothenuse gives the total value

of impedence.
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When capacity is in a circuit the current may lead in phase,
and since the reactance due to capacity acts in the opposite direction, it is laid down on the diagram in the opposite direction, as
shown in Fig. 147, and the impedence in the figure is the resultant
of the resistance and the capacity reactance.
When capacity and inductance are both present, the reactance
is the difference between the numerical values of the capacity reactance and the inductive reactance. The resultant impedence is
then readily found.
Power Factor. The power factor of a circuit is also a term
which is very much used in alternating-current practice. It is
especially useful in determining the true energy in a circuit when
the apparent energy is known, and is the ratio of the true watts in
the circuit, as measured by a wattmeter, to the apparent watts,
which are obtained by multiplying the volts and amperes together
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Fig. 145

Fig. 148

Fig. 147

in the circuit. The best conditions of a circuit are reached when
the ratio comes as near to 100 per cent as it is possible to get it.
If a circuit has a low power factor, it is possible to tax the full
capacity of the generators and of the conductors and still transmit
very little useful energy.
ALTERNATORS.
As in the case with direct current machines, alternators have
a field and an armature, but instead of the commutator, slip rings
are user4 and the current, instead of being rectified, is led out as
alternating current. In practice it is quite common to have the
field of an alternator revolve inside the armature, the advantage
being that it avoids the collection of high-tension currents through
brushes, since if the armature is stationary it can be permanently
connected up, and low voltage direct current can be most easily fed
to the fields through rings.
Single-phase Alternators, Single-phase alternators give out
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only one series of pulsations as shown in Fig. 144, and the armature
is connected with a continuous coil of wire, the number of cycles
given out being the product of the number of revolutions per second
by the number of pairs of poles. Since alternating current as used
in modern engineering practice must be of high frequency, from 25
to 60 cycles per second, it is necessary that all machines be built
of multipolar construction. The single-phase winding may be
either of drum or ring type, or of the lap or wave type as explained
in direct current armatures. The general rule for single-phase
winding is that the armature and field are interchangeable. If a
direct current is supplied to the field, electro-motive force will be
generated in the armature, or if the armature is suppliedwith direct

machines, in which case two conductors would be required for each
of the three outer circuits which they would supply. Almost always
other systems are used which enable the distribution to be effected
with three or four wires. A star or Y-connection, as it is called,
requires four wires to distribute the power from a three-phase
alternator, three active and one neutral wire. The latter passes
current when the balance is disturbed, exactly like the neutral
wire in the three-wire system. The connections are made in the
machine and on the outer circuit.

current, electro-motive force will be generated in the field.
a

B
A

A

Fig. 148

Two-phase Alternators. If it is desired to send out two independent currents of equal periodicity, but differing as regards the
phases of electro-motive force producing them, two single-phase
machines, mechanically coupled, could be used. An easier method,
and the one most generally used, is to have a second independent
winding on the armature, by means of which a single machine produces a two-phase current. Fig. 148 shows this principle. The
conductors AA are parts of a continuous conductor that go all
around the armature in every second grove. The 'windings 13E
do the same. The ends of each winding go to their own pair of
collecting rings, of which there are four.
Three-phase Alternators. What has been said of the two-phase
machine is true of the three-phase, except that there are three independent windings. These windings may be variously connected.
They may be treated as if they were windings of three separate
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The three windings for a three-phase alternator can be taken
as beginning at three adjacent points on the armature. For the
Y-system, three of these ends, symmetrically distributed with reference to each other, are connected together, and one lead is taken
from them to the distributing circuit when it is the neutral lead.
From each of the other ends of the three windings a lead is taken,
thus giving a total of four leads. In the utilization of the four
mains, each lamp or other appliance is connected from one of the
active wires to the neutral wire. The balance is kept as true as
possible by taking the same amount of power from each active lead.
Regulation for Constant Potential. Alternators feeding light
circuits must be closely regulated to give satisfactory service. The
pressure can be maintained constant by a series booster transformer,
but it is generally considered better to regulate the dynamo by altering the field strength. The simplest method is to have a handoperated rheostat in the field circuit of the alternator, when the
latter is to be excited from a common source of direct current, or
in the field circuit of the exciter if the alternator is provided with
one. The latter method of regulation is generally employed in
large machines because the exciter field current is small, while
the alternator field current may be of considerable magnitude.
A second method of regulation is that employed by the Westinghouse Company on their revolving armature alternators. A
composite winding is employed and the compensating coils are
excited by current from a series transformer placed on the spokes
of the armature spider. The primary of this transformer consists
of but a few turns, and the whole armature current is conducted
through it before reaching the collector rings. The secondary of
this transformer is suitably connected to a simple commutator on
the extreme end of the shaft. Upon this rests the brushes which are
attached to the ends of the compensatory coil. This commutator
79
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is subjected to only moderate currents and low voltages. The cur-

the flux linked with the armature coils h a minimum. As the

rent in the secondary of the transformer, and hence that in the
compensatory coil, is proportional to the main armature current.
The machine is wound for the maximum desirable over-compounding, and any less compensation can be secured by slightly shifting
the brushes. A differential action, therefore, ensues and the voltage is maintained at any desired value.
The third method, used by the General Electric Company, employs a composite winding, similar to compound windings of directcurrent generators. This consists of one set of coils, one on each
pole. They are connected in series and carry a portion of the armature current which has been rectified. The rectifier consists of a
commutator, having as many segments as there are field poles. The
alternate segments are connected together forming two groups.
The groups are connected respectively with the two ends of a resistance forming part of the armature circuit. Brushes bearing upon
the commutator connect with the terminals of the composite winding. The magneto-motive force of the composite winding is used
for the regulation only, the main excitation being supplied by an
ordinary separately excited field winding. The rectified current
in the composite coils is a pulsating current that increases the
magnetizing force in the fields as the current in the armature increases. The rate of increase is determined by the resistance of a
shunt placed across the brushes. By increasing the resistance of
this shunt, the amount of compounding can be increased and can be
made to compensate for any percentage of potential drop in the
distributing line.
Inductor Alternators. Generators in which both armature and
field coils are stationary are called inductor alternators. Figs. 149
and 150 show the principle of operation of these machines. A
moving member, carrying no wire, has pairs of soft iron projections, which are called inductors. These projections are magnetized by the current flowing in the annular field coil. The surrounding frame has internal projections corresponding to the inductors
in numbers and size. These latter projections constitute the cores
of the armature coils. When the faces of the inductors are directly
opposite to the faces of the armature poles, the magnetic reluctance
is a minimum, and the flux through the armature coil accordingly
a maximum. When the inductors are in an intermediate position,

inductors revolve, the flux changes from a maximum to a minimum.
The advantages of this type of machine are absence of moving wire, absence of collecting devices and increased facilities for

N
INDUCTOR

Fig. 149
insulation. The Stanley Electric Manufacturing Company manufacture inductor alternators, as do the Warren and Westinghouse
Companies.
Revolving Field Alternators. In this type of alternator, the

armature windings are placed on the inside of the frame and the

INDUCTOR
Fig.

150

field poles project radially from the rotating part. This type of
construction is used in large machines in which either high voltages
or high currents are required. Most all electric companies make
machines of this type.
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THE TRANSFORMER.

crated is not as high as is demanded by economical transmission.
Step-down transformers find a wide use at or near points of consumption of energy, where the pressure is reduced to meet the
service it is to perform.
Methods of Connecting Transformers. There are numerous
methods of connecting transformers to distributing circuits. The
simplest case is that of a single transformer in a single-phase circuit. Fig. 152 shows such an arrangement. The voltage is led to
the transformer at 1000 pressure and is reduced to 100 volts, this
being called a 10 to 1 step-down transformer.
In many types of modern transformers it is usual to wind the
secondaries in two separate and similar coils, all four ends being

The passage of a current through a wire coil about a bar of
iron or steel will magnetize the bar. If the magnetizing current
be alternating, the magnetism in the bar will he alternating;
that is, the polarity of the ends will alternate in accord with the
alternations of the magnetizing current. As the magnetizing
current rises from zero to maximum in one direction, the magnetic
flux in the bar rises from zero to maximum in the corresponding
direction, and as the current dies away to zero the flux dies away.
Now, if a second coil be wound about the bar, the rising, falling and
reversing of the magnetic flux will induce in this second coil an
electro-motive force which will rise, fall, reverse and so on due to
the variations of the flux. The elementary form of such an arrangement is shown in Fig.151,where a hoop of iron is shownwound with
a primary coil P which is supplied with current from an alteruat-
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Fig. 151
ing current generator, and a secondary coil, S, in which an electromotive force is induced by the varying magnetic flux produced by
the current in the primary coil.
Object of Transformer. The object of a transformer is to
receive a given alternating current voltage from an alternator and
deliver it at a different alternating voltage. The ratio of transformation is the ratio of the number of turns in the secondary
coils to the number of turns in the primary coils. This would also
be the ratio of the secondary voltage to the primary voltage if there
were no loss in the transformer.
Step up and Step-down, Transformers. A transformer that
raises the voltage of a system is called a step-up transformer ; if it
lowers it, it is called a step-down transformer. Step-up transformers find their chief use in generating plants, where, becarse of
the practical limitations of alternators, the alternating current gen-

Fig. 152
brought outside the case. This allows connections for a two-wire
system or for a three-wire system, this latter arrangement being
more economical than using two transformers of half the size, both
in first cost and cost of operation.
A two phase four-wire system can be considered as two independent single-phase systemsy transformation being accomplished
by putting single-phase transformers in the circuit, one on each
phase. For three-phase circuits, it is common to use one transformer on each phasa of the circuit. They may be connected either
in the Y or delta fashion. They may be Y. on the primary and
delta on the secondary, or rire •ensa. Fig. 153 represents both
-

primary and secondary connected delta fashion. Fig. 154 shows
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both primary and secondary in Y-forra. With the delta arrangement, continuity of service is well maintained, because if one of the
transformers is cut out, the remaining transformers will take up

Fig. 153
the load, and if the system was running full loaded, the remaining
two transformers would only be overload 161 per cent. Even if

Fig. 154
two transformers were cut out, service over the remaining phase

coti!d be maintained.
With the V-arrangement, if one transformer is cut out, one
wire of the system becomes idle, and only a reduced pressure can
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be maintained on the remaining phase. The advantage of the Y
or star connection lies in the fact that each transformer need be
wound for only about 58 per cent of the line voltage. In high
tension transformers, this permits the transformers to be built
smaller than when connected delta fashion.
Types of Transformers. There are various types of transformers in use, the difference of construction depending on the
method in which they are wound. The shell or jacket types are
those in which the coils are surrounded by masses of laminated iron.
The core types are those in which the insulated primary and
secondary coils surround the core. The coils are wound in various
forms, the principal object being to get as many coils in a small
space as possible, at the same time maintaining good insulation.
Cooling Transformers. Transformers become heated when in
use, so that cooling of some sort must be adopted. For small transformers this is effected by the circulation of air about them and by
the natural radiation of heat. Larger transformers that are air
cooled and that supply their own natural draft are used to some
extent in central stations and other places where they can be
properly protected and attended to. A forced draft is, however,
more common, when there are usually a number of them, and they
are set up over a large chamber into which air is forced by a blower.
Transformers are also cooled by oil which assists in the dissipation
of the heat. In large sizes the oil is circulated by a pump. Cold
water is often used to cool large transformers, the water being
forced through coils of pipe in the transformer case.
ALTERNATING CURRENT MOTORS.
The Induction Motor. This type of motor depends for its
action upon the induction produced on the armature by the field
windings. The stationary part is called the stator, and the moving
part is called the rotor. The rotating field exerts a torque on the
armature and causes it to revolve. The inductors on the armature
are usually copper bars imbedded in slots in the laminated steel
core. They are connected in parallel to copper collars. They offer
but a small resistance, and the currents induced in them are forced
to flow in a direction parallel with the axis. The reaction against
the field flux is, therefore, in a proper direction to be most efficient
in producing rotation. Fig. 155 represents the field arrangement
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of a typical two-phase induction motor. The coils are placed in
slots around the inner periphery of a laminated iron core. They
are uniformly spaced and divided into two groups. When the two
currents, differing in phase by one-quarter of a cycle, are impressed
on the windings, the magnetism sweeps around the inner face of
the core. The armature used with this type of motor is shown in

motor were switched onto the mains. It is necessary, therefore, to
provide some means for limiting the starting current, and this is
generally done by cutting down the applied pressure.
If an induction motor is loaded to excess, it will stop. If the
load is not left on very long no danger results, because the motor can
stand a current considerably in excess of the normal for some time
without over-heating. On account of this action of the induction
motor, these machines are often installed without special protee-
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Fig. 156

tive devices, in the shape of fuses or circuit breakers, which are
•

Fig. 155
Fig. 156. It can thus be seen that an induction motor requires no
commutator or brushes—a feature which has had great influence in
promoting its use.
The methods of starting induction motors depend upon their
construction and the condition under which they are used. If an
ordinary induction motor is switched on to the mains, there will be
a rush of current, the same as there would if a direct-current

always needed with direct current motors. If, however, there is
danger of an excessive current being left on the induction motor
for a considerable time, it is advisable to place fuses in the circuit.
In Fig. 157 a main switch is shown connected between the line and
the compensator. This is not always used, since the compensator
can be made to serve as a switch, but it is better to have a main
switch in series so that the compensator can be entirely disconnected
from the line if necessary.
The compensator method of starting is well adapted for ordinary factory purposes, where the motor is not usually started under
full load and where full-load starting torque is not needed. In
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order to exert full-load torque, an induction motor with squirrelcage armature requires a current much in excess of the full-load
running current. A motor which has to be started under heavy load,
and which at the same time must not take an excessive line current,
should be provided with an armature arranged so that resistance
can be connected in series with the windings so as to limit the
secondary current while the full line pressure is applied to the
primary. This method of starting is similar to that used with
direct-current motors where a starting resistance is inserted in
series with the armature.

resistance, only it is necessary to mount it separately from the
motor and use collector rings, because a resistance used continuously for speed-regulating purposes would be too bulky to place
within the armature, and, moreover, the heat developed in it would
be objectionable and limit the useful output of the motor. The
greater the resistance of the secondary the greater must be the slip
between the field and armature, because with a high resistance a
greater e. in. f. is necessary to maintain a given current than with
a low resistance, therefore, the slip corresponding to a given load
is increased, or, what amounts to the same thing, the speed of the
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armature is decreased.

Fig. 157
Speed Regulation. The induction motor is essentially a constant speed motor, and, generally speaking, it is not as well suited to
variable speed work as the direct current motor. For work where
a large torque with moderate current and large range of speed is
desired, as for electric hoists and cranes, the induction motor is
not considered equal to the direct current motor. However, the
speed of an induction motor can be varied within certain limits
by inserting a resistance in series with the armature winding. The
speed can also be cut down by inserting a resistance in series with
the primary, but this method is not as effective as where the resistance is placed in the armature circuit. The speed-regulating
resistance is inserted in exactly the same way as for the starting

Fig. 158

The Synchronous Motor. If an ordinary alternating-current
dynamo be driven at normal speed by some outside source of
motion (such as a belt from a motor or a running line-shaft), with
its field separately excited by direct current, and then connected to
an alternating-current circuit at some instant when its impulse of
e. m. f. coincides exactly with that of the circuit, the mechanical
connection with the source of motion may be removed and the
machine will continue running, being now driven as a motor by
current from the circuit. Such a machine is a synchronous motor.
This type of motor, shown in Fig. 158, is like a direct-current
motor in one respect, and that is, its construction is, fundamentally,
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exactly like that of the dynamo that generates the sort of current
on which the motor is designed to operate.
Synchronous motors run at precisely the same rate of speed
as that of the alternator supplying the circuit on which they run,
if the number of magnet poles is the same; hence the name
`4 synchronous." If the poles differ, then the relation between the
speeds of the motor and the generator is given by the simple
equation.

fields may be excited and the motor will come into step. The load
may then be applied. There is danger, however, of perforating the
insulation of the field coils when starting in this manner.
Rotary Converters. The converter is a machine having one
field and one armature with both a direct current commutator and
alternating current slip rings. When brushes, which rub upon the
slip rings, are connected with a source of alternating current of
proper voltage, the armature will rotate synchronously. While so
revolving, the direct current can be taken from brushes rubbing
upon the commutator.
Rotary Converter Operation. At the present time, aside from
the mercury vapor rectifier which has just come into use in
small sizes for rectifying alternating current, the only practical
method of transforming large quantities of alternating current into
direct current, or direct current into alternating current, is by
means of a rotary converter. This machine is in reality a combination of a motor and a generator, and when used to convert alternating current into direct current it acts as a synchronous motor driving a direct current generator. It can, however, just as readily be
used as a direct current motor driving an alternating current dynamo.
It has its largest use in substations of an alternating current
plant where alternating currents are generated at a high voltage
and direct current at a low voltage is needed. The substation
which contains the rotary converter is often miles away from the
generating station, so that the transmission of high voltages is
necesssary for the sake of economy, and the direct current is made
available almost at the exact point of distribution. Many trolley
roads are now making use of this system of distribution, and instead
of generating 550 volts direct current and distributing it to various sections of the road over large feeders, alternating current. of
from 6,000 to 11,000 volts is generated and sent to the substations
for conversion and distribution.
There are three possible ways of starting up a rotary converter: (1) From the alternating current side; (2) from the
direct current side, and (3) by the use of an auxiliary alternating
current starting motor. When started from the alternating current side, it is necessary to have a field-splitting switch in order that
the shunt winding may be opened before starting, otherwise the insulation would break down owing to the excessive electro-motive

P S=p s
in which P represents the number of poles on the generator;
speed ; p, the number of poles on the motor, and s, its speed.

S, its

Starting Synchronous Motors. These motors do not have sufficient torque at starting to satisfactorily come up to speed under
load. They are, therefore, preferably brought up to synchronous
speed by some auxiliary source of power. A small induction motor
is often geared to the shaft for this purpose and is mechanically
disconnected after synchronism is reached. Before connection of
the synchronous motor to the mains, it is necessary that the motor
should not only be in synchronism, but should have its electromotive force at a difference of phase of about 180 degrees with
the impressed pressure. To determine this point a simple device,
known as a synchronizer, is employed. It consists of an incandescent lamp connected in series with the secondaries of two
transformers, whose primaries are connected respectively to the
line and with the motor terminals. The brightness with which the
lamp glows is a measure of the phase difference between the two
electro-motive forces. It is customary to connect the transformers
so that when the electro-motive force is 180 degrees with line
pressure, the lamp will have its greatest brilliancy. As the motor
is coming up to speed, the lamp will be alternately bright and dark.
The alternations will grow slower as synchronism is approached,
and will finally be so slow as to permit the closing of the main
switch at the proper instant. Synchronous motors may be brought
up to speed without any auxiliary source of power, in which case
the field circuits are left open and the armature is connected to
the mains, either directly or through a starting compensation. The
magnetizing effect of the armature coils sets up a flux sufficient to
supply a small starting torque. When, after running a sufficient
time as an induction motor, synchronism is nearly attained, the
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force induced at the moment of closing the alternating main switch.
If the rotary converter is compound wound, the series field windings must also be open circuited.
All switches on the direct current side must be left open before switching the rotary on the alternating current line. By
reason of the hysteresis lag in the pole faces, and in a lesser degree
due to the eddy currents set up, the rotary will start as soon as the
alternating switch is closed, and will immediately run up to synchronous speed. As soon as synchronism is attained, the fieldsplitting switch and the direct current field switch can be closed.
With self-exciting sets care must be taken to see that the field
switch is closed, so that the machine is building up the right polarity. The reading of the direct current voltmeter will indicate this.
The rotary, which is now running in synchronism with the main
generators, can now be paralleled on the low tension bus-bars in the
usual way.
This method has some serious disadvantages, principally on
account of the large current at low power factor which it draws
from the supply lines and the possibility of generating direct current of the wrong polarity. For traction work this method has
been employed, but should not be used on lighting circuits.
To start a converter from the direct current side, first see
that all switches are open, that the direct current brushes are all
properly set and that the series field is cut out or short-circuited.
Next, close the alternating current circuit-breaker and positive
switch. Close the field switch with all the rheostat resistance cut
out and try the field coils to see that they are magnetized. Now,
start the converter as a direct current motor by cutting out the
starting resistance slowly ; when this is cut out, close the negative
switch. Then adjust the speed to synchronism by means of the
field rheostat and the synchronizing lamps. It is also necessary
to have the alternating current voltage of the rotary converter
equal to the voltage of the mains. Shifting the brushes will assist in making this adjustment.
When the voltage is correct and the lamps indicate the proper
phase relations, close the alternating current switches and adjust
the rheostats for minimum alternating current and set the direct
current brushes at a non-sparking position The connections of
the direct current side are shown in Fig. 159.
The third method consists in starting up the converter by
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means of an alternating current starting motor. In following this
method, see that the alternating current and direct current brushes
are all in their correct position, and see that all switches are open on
both the alternating and direct current sides and that the resistance
of the rheostat is all in the field circuit. Close the alternating current main circuit-breakers and see that the synchronizing lamps, or
synchroscope, are in and that the lamps burn dimly, and that the
direct current voltmeter is in circuit.
Start the rotary by closing the starting switch for the small
motor, and build -up the direct current voltage by cutting out

Fig. 159
resistance in the rheostat until the voltage is equal to the bus-bar
voltage. Note the synchronizing lamps and adjust the speed by
means of the field rheostat, until the lamps dim slowly and regularly. It may be necessary to shift the direct current brushes
back to the neutral point in order to get the proper speed.
When
the lamps show pulsations at the rate of about every ten seconds the
alternating main switch should be closed quickly when the lamps
are getting dark. Now open the starting motor switch and adjust
the converter field excitation so as to get minimum current in the
alternating current ammeters. Next close the direct current cir-
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cuit-breakers and switches and see that the brushes are in the
proper position.
The starting up of synchronous motor sets presents no especial
difficulty, and is often done from the direct current side, synchronizing on the alternating side as described. For lighting systems,
the starting current required for large units, according to this
method, might occasion a heavy drop on the distributing mains,
so that it will become necessary to use either an induction motorgenerator set to supply the necessary direct current, or the use of a
small induction motor for starting the set will he necessary, as described in the third method above.
To shut down a rotary converter, which is operating in the
usual manner, simply open the direct current circuit-breaker
and the direct current switches ; then open the alternating current
switches; cut in all the field rheostat and pull out the synchronizing
plugs.
Mercury Vapor Converter. A converter in general is a piece
of apparatus or machine by means of which alternating and direct
currents are converted into each other. As usually applied, alternating current of high voltage is converted into direct current of
low voltage. It is used chiefly in connection with alternating current circuits, where the application of alternating current is impossible, such as for charging storage batteries, or where the direct
current is more suitable than alternating current, such as for running elevators or hoisting motors or street car motors.
Since the transmission of alternating current is very much
more economical than the transmission of direct current, and since
only direct current is suitable for many purposes, it will often be
advantageous to be able to obtain direct current from alternating.
At the present time, all alternating currents are transformed into
direct currents by means of a "rotary converter," which is a machine very similar to a generator, with one field and one armature.,
the latter being designed with a direct current commutator and
alternating current slip rings. They are usually quite large and
expensive and are not practically efficient.
The mercury vapor converter, as shown in Fig. 160, was designed to replace the rotary converter. As shown in the accompanying diagram, it consists of a large glass bulb or globe, L, which
contains a perfect vacuum, a small puddle of mercury, E, at the
bottom, constituting the negative electrode, and two electrodes of

iron, R and 5, at the top. Platinum wires run from the electrucks to the outside wires. For starting the converter there is a
projection G, connected by a wire resistance to one of the alternating current mains. A and B are the alternating current mains,
which are connected across with an inductive resistance, such as a
transformer secondary. M is a choke coil placed in series with the
converter so that the current will lag behind the electro-motive force
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Fig. 160
and keep it in operation when the alternating current passes
through zero.
The operation of the converter is as follows: Suppose at one
instant the main B is going through that portion of its wave which
is positive, and the bulb L is filled with highly heated mercury vapor, then current will flow through electrode, S, through the lamp
and choke coil to the middle point C of -the transformer, and back
through line A. As the electro-motive force drops to zero, the current has not yet reached zero as it lags behind. The converter does
not go out at this instant, but would a litVe later when the current
finally did reach the zero point ; but the electro-motive force between the terminals P and C, which is exactly opposite to that
80
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between N and C, is trying to force current from electrode E to
electrode R, and on account of the lag of the current from R, it
will pick up this current before it again becomes zero and maintain
it through the rest of the alternation, until this electro-motive
force again approaches zero. Again, since the current is lagging
behind, the electro-motive force between N and C will pick it up
from P and C before it actually becomes zero, preventing the convertor from stopping, and so on. The introduction of the chokecoil M enables the apparatus, when supplied by the proper electromotive force from a single phase circuit, to operate without the
use of auxiliary direct current. On account of the choking power
of the coil the arrangement gives a nearly steady current by connecting the direct current mains to the neutral point of the alternating supply.
It is necessary to provide some means of starting the converter, which is done by tilting the bulb so that the mercury flows
into G and makes a connection across the terminals. This forms a
circuit through the mercury and starts the mercury vaporizing,
when the bulb can be swung to its vertical position.
Its particular advantage is that it has no moving parts, consumes only 14 volts loss of potential in its operation and weighs
only 8 pounds for every 1,000 pounds of the rotary converter.
SINGLE PHASE RAILWAY SYSTEMS.
-

The single-phase railway system, which is now attracting
universal attention, interests a great many stationary engineers, because. while the design of the power house may not be materially
affected, yet the system of distribution is somewhat changed, and
it will probably affect the kind of prime mover to be selected in the
future.
The first electric railway, in this country, to place a singlephase system in operation was the Indianapolis and Cincinnati
Traction Company, who, on January 21, 1905, opened service between Rushville and Morristown, 16 miles apart. The latest
road which is installing the single-phase system is the New York,
New Haven and Hartford Railroad, so that the single-phase alternating current system can now be said to have passed the experimental stage.
The use of high voltage for distribution is the attractive
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feature of this system, as is also the fact that single-phase motors
can be used on direct current circuits. The method of distribution consists of a power house generating a voltage of 30,000 or
higher, and at every10 or 12 miles the voltage is cut down by means
of oil-insulated step-down transformers to a comparatively low
pressure of about 3,000 volts. The high-tension current is carried
from the central power station to the transformer stations on No. 4
bare copper wires, there being two wires to each transformer station. This makes a complete circuit and permits the placing of
circuit breakers and switches at the central power station, so that
everything along the line can be governed from the central point.
When the alternating current lines reach a city or town, they
can either be replaced by low-voltage alternating current, or by 550
volt direct current, the single phase motor working equally well on
either circuit. Two trolleys are used, one with a trolley wheel for
low-pressure direct current, or low pressure alternating current,
and the other of the bow type for high-speed, high-voltage service.
From the above it can be seen how very flexible such a system is, and since the length of trolley lines is constantly increasing,
and since steam roads are now adopting it, the single-phase system
should become an important factor in that class of service.
LONG DISTANCE TRANSMISSION OF ELECTRICAL POWER.

A TURBO-ALTERNATOR SET
The newest type of prime-mover, which is being extensively used in all modern
central stations and power hou'es for generating alternating current

When Niagara Falls were harnessed only a few years ago, and
the electric power conducted to Buffalo, twenty-three miles away,
it was a question among engineers which achievement deserved the
greater credit—the utilization of the waste energy of the falls, or
the successful transmission of the electrical power for commercial
purposes to such a distant market. In the enthusiasm of the moment, some newspapers predicted that in time the power of Niagara
would reach New York City, and the electric energy generated at
the falls would turn all the car wheels and factory machinery
within a radius of five hundred miles; but the electrical engineers
scouted any such absurd idea, for they realized the great cost and
difficulties of sending an electric current over thirty or fifty miles
of wire in quantities sufficient to be of commercial use.
The practical limit of electrical transmission appeared to be
within sight when Buffalo was supplied with electrical energy from
Niagara, and the engineers who had finally tamed a part of the
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stubborn waters of the great falls proceeded to build up groups of
electrical industries within a few miles of their power houses to use
the energy they developed. The extension of their wires to more
distant markets did not concern them, and, working on this assumption, long-distance transmission of electrical energy received no
further encouragement at the falls.
But there were other parts of the country which had no Niagara, but which sorely needed current in large quantities for solving
perplexing industrial problems. There were water-falls and high
streams and rivers whose head indicated ideal conditions for power
development. But, strangely enough, nature had located most of
these ideal sites for power houses so far from the great industrial
centres that their usefulness seemed somewhat -uncertain. If the
industries had to go to the water-falls and mountain streams,
electrical development from hydraulic power had a very limited
field. We could not abandon our great coast cities and manufacturing towns and move inland simply to secure cheaper electrical
energy. There was only one other alternative. If the mountain
would not come to Mahomet, Mahomet would have to go to the
mountain.
This was the problem facing the engineers in many parts of
the country. On the Pacific Coast, in particular, it was a perplexing question, Coal was scarce and high-priced, and the cost of
power production on a large scale was almost prohibitive. It is
true that when oil was discovered in large quantities the question
of generating steam power was simplified somewhat ; but by this
time the electrical engineers had already gone to the mountain
streams for hydraulic power, which was destined to revolutionize
industrial conditions on the Pacific Coast.
The mountains skirting the Pacific Coast are from 50 to
200 miles back from the ocean, and among their summits are numerous small but powerful streams of water that flow westward.
Their great altitude makes them of special value for hydraulic
power. Some of them rise two thousand feet above the sea level,
and fall in sparkling cascades down the steep declivities. Others
seek the ocean by a series of sharp declines which make their waters
bubble and boil in torrents. The question of harnessing these turbulent mountain streams and conducting electrical power from
them to the coast cities has been so satisfactorily solved in the past
few years that in no other part of the world are there rivals. San

Francisco, Los Angeles, Spokane and other Pacific Coast cities are
to-day drawing their power from the mountains over the longestdistance transmission lines in the country. Even Niagara's
achievements are in a manner dwarfed by the success of these
younger power companies of the Pacific Coast.
We first heard of the achievements of the 83-mile transmission
line to Los Angeles. Far up in the Nevada Mountains were Santa
Ana River and Mill Creek, two rather insignificant streams that
flowed toward the ocean. There seemed to be no earthly value to
these streams perched up among the mountains and so far from
civilization and all industrial centres; but their fall of water was
so great that enormous hydraulic power could be developed from
them. The harnessing of these two streams was undertaken only
after the engineers had made plans for conducting the power to the
coast. At the foot of Mill Creek a power house was constructed
so that the water flowing down the flume had a fall of nearly 2,000
feet, each cubic foot generating thereby 214 horse power per
second.
To increase the efficiency of the line, two other power houses
were constructed on Mill Creek, and two on the Santa Ana River,
and connected in multiple to send 40,000 volts across the country
to Los Angeles. When this powerful current was introduced into
Los Angeles there was great rejoicing and the prediction of a great
future for the city. Houses and streets were lighted by the power
of the inland streams, and the wheels of factories and street railways were run by the same agency. It was the longest transmission of electricity in large current for commercial purposes in the
world, and it heralded the beginning of a new era of electrical
revolution.
If the current could be sent over 83 miles of country, why
not extend it indefinitely ? This question immediately received
answer by a number of other electrical companies on the Pacific
Coast and elsewhere. Hundred-mile transmission lines have been
put into operation in the past two years by three different American companies, while two Canadian companies have constructed
lines of 93 miles each.
The Kern River Transmission Company essayed to build a
line to send 10,000 horse power over one hundred miles, working at
a. voltage of 45,000 at the power house. In time it was proposed to
increase the voltage to 50,000, and the length of the line to 125
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miles. The completion of this line further emphasizes the possibilities of sending heavy voltages over wires especially prepared for
the purpose. A sixteen-mile line was constructed, and experiments
made in sending 80,000 volts over the wires. It was found that
65,000 volts could be sent without giving any difficulty or trouble
whatever. As the final limit of long-distance transmission of electrical current must depend upon the amount of voltage that can he
developed at the power house and sent over the lines without destroying them, this experiment proved most profitable and satisfactory. The experiments of the Pacific Light and Power Company with their 80,000-volt Kern River line have thus opened the
way for the commercial development of many streams located long
distances from towns and cities, and the ultimate end will make
revolutionizing changes in many parts of the country.
The completion of the 110-mile transmission line of the
Spokane Water Power Company corroborated the impression that
the limits of sending electricity commercially long distances were
far from being reached. The power house at the foot of the falls
in the Spokane River develops 60,000 volts, and sends the power
to the city of Spokane, the line being approximately 110 miles to
the furthest power user. The power is sent over three lines, each
receiving at the power house about 20,000 volts. There are six
substations equipped with water-cooled transformers which can
step the voltage.down from 60,000 to 4,000 volts. The power is
used not only by consumers in the city of Spokane, but by mining
companies all along the route. At the Standard and Reda mines
four three-hundred horse power electric induction motors drive
compressors, hoists and mining machinery. The construction of
the long-distance line has completely transformed mining operations along its course. Mines that were formerly impossible, from
a financial viewpoint, are now paying investments. The current
is tapped from the main line and used in working all sorts of mining machinery. Owing to the scarcity of coal in this mining
region, it was too expensive to work low-grade ore, and the change
effected by the building of the electric line has been little short of
marvelous.
During the year 1905 the greatest hydro-electric engineering
feat of the world was completed by the California Gas and Electric
Corporation, which has succeeded in bringing power from the
mountains over a line 232 miles long. This is the longest distance

over which electrical current has ever been transmitted for commercial purposes. The line stretches from the De Sabla power
house in the mountains to Sausalito, opposite San Francisco. The
same California company operates another line running from Colgate to Oakland, a total distance of 142 miles, developing at the
power house 14,000 horse power from a head of water 702 feet.
Closely rivaling this last line is that owned by the Standard
Electric Company, which runs from the Electra power house in the
mountains to Stockton, San Jose and San Francisco, a distance of
147 miles. The high voltages of all three of these lines range from
50,000 to 60,000.
At the Colgate power-house, water is received from Lake
Francis through 9,000 feet of 36-inch wooden stave pipe, onehalf mile of natural channel, and 3,000 feet of rapid flume. The
water pours down the pipe with such force that it resembles a
great Niagara torrent. Sixteen huge water wheels are turned by
it, but the surplus water is allowed to flow unchecked down the
incline.
The Colgate power house is the centre of the whole system on
this line, and its power has been increased by conducting water
from the North Yuba River through nearly 8 miles of wooden
flume. The water thus delivered at the top of the hill, 700 feet
above the power house, is conducted down the incline as needed.
In order to tap the waters of the Yuba, great artificial bridges had
to be constructed, and the sides of the mountains skirted, so that
the flume appears to hang on the edge of steep precipices in places.
The heavy machinery for the work had to be carted up the steep
sides of the hills by dozens of teams of horses, and it took a full
month to transport one dynamo a single mile. Elaborate precautions had to be taken to prevent any weakness in the long-distance
flume, and watchmen have to inspect every part of it frequently.
The force of the water at the power house is so tremendous that
only gigantic machinery can pen it in its narrow channel.
Yet in spite of the great outlay for making the line perfect,
the commercial profits of the enterprise are great. The sale of tho
power in the cities and along the line of transmission pays the company for all its efforts. In San Francisco, Oakland, Stockton,
Los Angeles and Spokane, electric power can be purchased to-day
cheaper than in most of the Atlantic Coast cities.
The Canadian Niagara Power Company have completed a
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plant which to-day develops 60,000 volts at the power house, and
current is sent over a transmission line of 93 miles. The Electrical Development Company, of Ontario, has likewise finished a line
of 93 miles, and the Winnipeg General Power Company has in
operation a 60-mile line, with a capacity of 10,000 horse power and
a working voltage at the generating station of 60,000 volts.
in recent years, American electrical engineers have turned
their attention with ever-increasing interest to Mexico as a field
for possible development. Under the advice and practical work of
Americans, Mexican plants have been constructed that compare
favorably with any in this country. There are two long lines of
transmission in Mexico. One is the Guanajuato Power and Electric Company, which owns a 101-mile transmission line, developed
from a head of water 300 feet high, and working under a pressure
of 60,000 volts. An even longer transmission line in Mexico is
that of the Mexican Light and Power Company, of the city of
Mexico, which, under a working voltage of 60,000, sends power
110 miles to market. The working head of water for this plant has
an altitude above the power house of 1500 feet.
It will readily be seen that American electrical engineers have
solved the question of long-distance electrical transmission better
than those of any other country, and apparently those working on
the Pacific Coast have slightly led those from the East or Middle
West. It may be that the peculiar conditions of the country were
responsible for this, but it is certain there are no such long-distance
transmission lines in the East. There are greater water powers
than any on the Pacific Coast, but few lines more than 50 miles in
extent. We have harnessed Niagara, and sent its power to Buffalo,
23 miles away ; subdued Spiers Falls, and transmitted its energy
forty miles away to Troy, Schenectady and Albany ; conquered the
falls at Massena and delivered enormous current to nearby factories and mills; and built model power houses to utilize the waters
of the Sault St. Marie and Apple River, of Michigan. But we
still must look to the Pacific Coast for anything like a 200-mile
transmission system. It probably will be a long time before the
232-mile transmission line from the De Sabla power house to the
coast will be duplicated ; but meantime great things may happen in
the electrical field, and the tendency is toward the development of
higher voltages and longer transmission. Where 'either will end
it is difficult to prophesy to-day even approximately.
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REVIEW QUESTIONS.
PRACTICAL ELECTRICITY.
1. If your ammeter read 250 amperes and the voltmeter read
110 volts, what would be the resistance of the circuit ?
2. Upon what does the resistance of a given length of wire
depend ?
3. Large cables are designated by their diameter in circular
mils. What is a circular mil ?
4. What effect has a current on a wire ?
5. To get the maximum heating effect from a coil of wire,
what two conditions enter into consideration ?
6. If three circuits of 3, 8, and 12 ohms respectively are
connected in parallel, what is the resistance of the combined
circuits ?
7. If 400 amperes are being supplied to a circuit at 125 volts,
how many kilowatts of energy are being transmitted ?
8. What is the difference between a permanent and an
electro-magnet ?
9. How many poles must a magnet have and how are they
named ?
10. For what purposes are electro-magnets used ?
11. Viihy is iron the usual substance used in an electromagnet ?
12. What is meant by permeability ?
13. Upon what does the magnetizing force of an electromagnet depend ?
14. Why are armature cores laminated ?
15. What is the difference between a ring and a drum
armature ?
16. Why are commutators used ?
17. What three conditions enter into the production of a
certain electro-motive force in a dynamo ?
18. What is the difference between a lap and a wave armature
winding ?
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19. Why are multipolar dynamos used in preference to twopole machines ?
20. Explain the difference between a series and a shunt
dynamo.
21. What kind of machine is used in series arc lighting?
22. What type of machine will be found to be generating constant potential ?
23. What is a compound generator and why is it used ?
24. What kind of motors are used on street cars ?
25. What are the particular advantages of the inter-pole
motor ?
26. For what general purposes are alternating current motors
used
27. Would you use a synchronous motor if it bad to be started
and stopped frequently ?
28. For what purposes are dynamotors used ?
29. For what purposes can boosters be used to advantage ?
30. In an incandescent lamp, how does the candle-power vary
with the life of the lamp ?
31. What is the difference between the Nernst lamp and an
incandescent lamp ?
32. Explain the action of the heating coils in starting Nernst
lamps.
33. Which carbon in an arc lamp burns away the faster ?
34. When the carbons burn away how are they brought together again in order to maintain the arc ?
35. What is a constant current system ?
36. What is meant by constant potential distribution ?
37. What are the advantages of the three-wire system
38. How would two 110-volt dynamos be connected to work
on a three-wire system ?
39. Of what use is an equalizer when running dynamos
in parallel?
40. What is the principle difference between a voltmeter and
an ammeter ?
41. Into what three classes are voltmeters and ammeters
divided ?
42. What difference is there between the method of connecting a voltmeter and an ammeter in circuit
?

1259

43. When would you use a shunt in connecting an ammeter
to read the current in a circuit ?

44. What are recording instruments and how do they operate
45. What is a wattmeter and for what purposes is it used?
46. Explain two methods in general use for measuring
resistance.
47. For what purposes are fuses used ?
48. What is a double-pole, double-throw switch ?
49. Under what conditions would you use circuit-breakers ?
50. What instruments are necessary on a switch board.
51. Describe briefly how you would construct a switchboard
for three constant potential generators to be used to supply a number of lighting circuits.
52. For what purposes are storage batteries generally used ?
53. Name a few of the troubles usually encountered with
storage cells.
51. How would you care for storage cells in your plant ?
At what voltage should they be charged and what precautions are
necessary when discharging ?
55. Describe several methods used for charging storage batteries from lighting circuits.
56. How does the specific gravity vary with the charge ?
57. Describe two methods for finding the efficiency of a
motor.
58. When is a motor generally the most efficient, at light
loads or heavy loads ?
59. Describe several methods used for starting motors.
60. What are the advantages of alternating currents over
direct currents ?
61. What is a cycle and what is meant by frequency ?
62. If the ammeter reads 50 amperes, the voltmeter 110 volts,
and the wattmeter 5200 watts, what would be the power factor of
an alterating current circuit ?
63. What is inductance ?
64. How does capacity affect an alternating current circuit ?
65. Why is a poor power-factor objectionable to large central
stations ?
66. Name the principle parts of an alternator.
67. In what manner does an inductor alternator differ from
regular alternating current generator ?
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68. What is step-up transformer and for hat purposes is it
used ?
69. Describe two methods in general use for connecting
transformers.
70. How are large transformers usually kept cool ?
71. Upon what principles does an induction motor work ?
.72. How are synchronous motors started ?
73. What is a rotary converter ?
74. What precautions should be taken in starting rotary
converters ?
75. What is a mercury vapor converter ?
76. What are the advantages of a single-phase railway system ?
77. Name a number of the most important electrical transmissions in this country and explain why they have attracted so much
attention.

Electric Locomotives.

Developments in Electric Traction. During the past decade
there has been considerable development in the use of the electric
locomotive for many purposes for which the steam locomotive was
formerly used exclusively. This has been particularly true in interurban, suburban, tunnel and terminal work. For a number of
years electric locomotives have been used on the St. Louis & Belleville Railway, on the Baltimore & Ohio Railroad, on the New
York Central & Hudson River Railroad, on the Grand Trunk
Railway, on the New York, New Haven & Hartford Railway;
while such roads as the Pennsylvania, Long Island Railroad,
Spokane & Inland Railway, Lackawanna & Wyoming are using
trains which derive their power from the electrical current.
Although these electrical developments have extended over a
considerable period of time, yet the fact must not be overlooked
that it is but a small beginning of what will eventually be a considerable factor in railroad engineering. The best engineers in
this country, however, differ as to their opinion of what the
eventual outcome of trunk line practice will be.
The results already obtained in extensive railway operations
show that a fairly frequent service can be more economically maintained by an electric equipment than by steam locomotives. Particularly is this true of elevated lines and the crowded short-haul
traffic between the larger cities and neighboring towns; besides,
tunnel operations and transportation over heavy grades have become recognized as advantageous fields for the employment of
electricity, all of which have caused several of the larger railway
systems to change their equipments for such service.
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The substitution, however, of the electric locomotive for the
steam locomotive must necessarily be a slow one, and must be developed according to the needs of the particular roads upon which
it is to be used.
Difference in Power Conditions Between Steam and Electric
Systems. There is a large fundamental difference in power conditions between the steam and electric systems. The steam unit of
locomotion is self-contained, converting the energy of the coal into
that of the moving train. In the electric system this process of
converting the energy is divided ; for instance, the power energy
must be converted into electric energy in a power house. This
energy must be transmitted to the car by a wiring system, and
then converted into mechanical energy by an electric motor. This
means that before construction starts the capacity of the road, its
train service, the size of the car and its load, and the alignment
and profile of the road must be more or less accurately determined.
From these the energy required and its distribution must be calculated.
It is this necessity for determining the demands upon an
electric system that calls for the present care in the design of both
transmission and power plants, as the steam road has a flexibility
which is not possessed by the electric system, and it is this
flexibility which has been one of the principal reasons why railroads have been more or less conservative in changing from the
steam to the electric motive power.
Characteristics of Electric Traction. The distinguishing characteristics of electric traction, as contrasted with that of steamdriven locomotives, is that the motive power is utilized at variable
and varying distances from the point of generation, whereas in a
steam-driven locomotive the power is generated in each individual
unit as required. A system of electric transmission must, therefore, be adopted which combines efficiency, flexibility, simplicity
and low first cost of installation.
Advantages of Electrification. While the excessive cost of
steam railroad electrification is quite an important matter, as well
as the necessity of maintaining a continuity of service, yet at the
same time the electric road possesses a number of advantages.
The application of electric traction to heavy railway service
is governed by other and more important considerations than its
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mere relative cost as a motive power under similar conditions. In
steam service the weight and speed of trains are limited by the
horse-power capacity of the locomotive, which generates its own
power, and there are but few locomotives which can generate sufficient steam to utilize their full cylinder tractive power at speeds
in excess of twelve miles an hour. Consequently, any increase of
speed beyond certain limits can only be attained by sacrificing
train tonnage in a corresponding degree. The division of the
train mile cost by the lesser number of tons increases the ton mile
cost proportionately.
The high cost of fast freight service is principally due to this
effect of a diminishing divisor, while electric traction permits high
speeds without sacrificing commercial tonnage, as, with a relatively unlimited source of power at command, the maximum drawbar pull permitted by the motor design may be maintained at all
speeds.
The train capacity cannot be reduced without loss below the
point where the earnings equal the train mile cost., and if this cost
cannot be reduced proportionately with reduced capacity, the inferior limit of capacity may be uneconomically large. In steam
service the irreducible elements entering into the train mile cost
are so large that it is rarely profitable to operate trains earning
less than forty to fifty cents per mile, In contrast, electric service
permits an extreme reduction of the train length to single car
units, costing to operate but ten to fifteen cents per car mile.
Hence, the frequency of service may be increased and rates reduced, which in turn will react upon the volume of traffic, with
the final result of increasing both gross and net earnings. It may,
therefore, be claimed for electric traction that it will extend the
limits of profitable operation of high-speed heavy trains, and also
of light trains of low capacity.
One great advantage of electrification is the low cost of locomotive maintenance. Generally speaking, it may be said that a
fair advantage for the maintenance of a steam locomotive in a hilly
country on a 2 per cent grade is about fourteen cents per mile.
Under these same conditions it is claimed that the cost of electric
locomotive maintenance will not exceed four cents per car mile, or
a saving of about 70 per cent. While in ordinary practice the
electric locomotive can take a 2 per cent grade- at 25 miles per

ELECTRIC LOCOMOTIVES.

ELECTRIC LOCOMOTIVES.

hour, the steam locomotive with the same load can hardly do half
that speed. Another advantage of the electric locomotive over
the steam locomotive is the cost of stopping. It is estimated that
the cost is $4.00 to stop a six train running 30 miles per hour ; the
?ost of stopping an electric locomotive is estimated to be about
10 per cent of this amount Further than this, when stopping the
electric locomotive is "dead" in that. no power is going to waste,
whereas a steam locomotive keeps on using coal when standing
still. Still another advantage of the electric locomotive is the long
continuous runs which it is able to make. On the New York
Central Railroad electric locomotives have been run 2,000 miles
without being hauled up for inspection or repairs, which it is
claimed no steam locomotive can do. Ordinary locomotives on
through trains are changed every 100 or 200 miles, whereas the
electric locomotive could run ten times as far.
Other, but relatively minor, advantages are possible in the
effect upon earnings, due to the elimination of smoke, gases, dust,
cinders, and heat, the better ventilation of cars, the extension of
electric train lighting and heating; and of the effect upon expenses due to the concentration of power production in large and
economical power houses, a redaction of engine repairs, an increase of effective engine and train mileage, a more or less complete elimination of engine houses, turntables, fuel stations, water
tanks, cinder pits, and other operating facilities, the consolidation
of power requirements for traction, pumping, operating shops, elevators and general uses, and the use of current. for lighting switch
lamps, stations and other buildings.
Difficulties of Changing from Steam to Electricity. In changing the method of motive power on existing railways, the conditions are by no means so simple as in the construction of new lines,
as in the former case a great amount of capital already invested
must be sacrificed, and the problems of adaptation to existing conditions are peculiarly severe. In particular, the transition stage
in bridging over the gap between steam and electric operation is
both expensive and difficult, as the change affects train lighting
and heating, telegraph and telephone service, signaling, and track
maintenance, for which both temporary and permanent provision
must be made. The simultaneous maintenance of facilities and
working forces for both steam and electric service within the same

limits will be rarely profitable, for the reason that a large proportion of expenses incident to both kinds of service is retained without realizing the full economy of either. To secure the fulIeEk
economy it is necessary to at least extend the new service over the
whole length of the existing district, and to include both passenger
and freight trains.
Types of Electrification Systems. There are five different systems which may be adopted by railroads when electrification is
used. These are: First, the direct current system such as is used on
street railway and interurban lines; second, the alternating direct
current system which, so far as the car is concerned, does not differ
from the first ; (the electro-motive force is generated by an alternator, transmitted at high proportional to a sub-station and changed
from a direct current by a motor converter) ; third, an alternating
current commutator motor system which is a low pressure system,
the motor running on alternating current in interurban districts
and on direct current in the city districts or where dense traffic
prevails; fourth, the single phase high pressure trolley system,
chiefly alternating, in which the trolley voltage may vary between
3,000 and 6,000 volts; fifth, the polyphase system, which requires
more than one trolley or collector.
Direct Current System. When the direct current system is used,
the power house generates direct current at about 600 volts from
where it is distributed directly to the points of application of power
by means of either a third rail or trolley. For short hauls this
system has been in successful use for a number of years. Its particular advantage is simplicity, as no transforming apparatus is
used. Its particular disadvantage is the costly distributing system
necessitated by the high currents transmitted at comparatively low
voltage. Except for terminals and for short hauls, its future for
electric roads is very limited.
Alternating Direct Current System. When the direct current
system is used, the current is generally obtained from a third rail,
which is supplied either directly from the power house, or by
means of sub-stations which transform the high-tension alternating
current generated in the power house to low-tension alternating
current which is conveyed by means of rotary converters to direct
current at about 650 volts for supplying the third rail. The latter method is the one in most general use, as economy of transS1
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mission demands high potential, and as alternating current is the
most available for transforming purposes, it is almost universally
used.
The direct current motor is used on the cars, as the series
direct current motor gives an excellent torque at starting, and
gives a very flexible control and comparatively high efficiency.
This alternating direct current system demands sub-stations
along the road which contain transformers, rotary converters, high
and low tension switches, etc., all of which means considerable cost
of first construction and maintenance.
Sub-stations. When direct current is used for operating the
electric road and alternating current is secured in the power house,
the use of synchronous or rotary converters for changing the threephase alternating current to 600 volts direct current is almost universal. The location and capacity of such stations depend upon
the character of the service and local conditions. The converter
sub-stations consist of the following: Ingoing and outgoing
primary feeders, provided with switches and lightning arresters ;
high-tension bus bars, with automatic wire switches controlling
them ; current transformers in the primaries counter circuit, and
feeding ammeters and relays for operating the switches; step-down
transformers, either of the air blast or wire cooled type; inductive
coils connected in the transformer secondary circuit, extending to
the alternating current of the converter ; synchronous converters;
direct current outgoing feeders; switch board panels controlling
both the alternating current side and the incoming feeders, as
well as the direct current incoming and outgoing feeders.
Transformers. The transformer which is used for changing
the voltage of an alternating current circuit consists of simply two
individual wirings surrounding an iron core. It is called a step-up
transformer when the voltage delivered is greater than the supply
voltage, and a step-down transformer when the delivered voltage
is less than the supply voltage. Step-up transformers are used in
power houses to increase the voltage for transmission in the lights,
and step-down transformers are used in sub-stations for cutting
down the voltage for use where the rotary converters are in the
railroad motors themselves.
Alternating Current Sub-stations. Alternating current substations, used with alternating current railroad motor equipment,
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do not make use of a rotary converter, but such stations contain
step-down transformers, generally in duplicate, together with the
necessary switch board apparatus. Both primary and secondary
circuits are provided with automatic wire switches designed to
open on short circuit or extreme overload, only in those serving
as a safety device to protect the transformer from burn out. As
such sub-stations have no operator and are subjected to violent
fluctuations in load, the protective devices are arranged to guard
against short-circuit and in overload. Step-down transformers are
generally of the self-cooling oil type.
Starting Synchronous Converters. There are three methods
which may be used for stars ing synchronous converters. First,
by means of the direct current starting through a rheostat; second,
starting from the alternating current side by means of an induction
motor ; third, starting from the alternating current side from
transformer taps. When starting from the direct current side
there is no disturbance in the primary distributing system, and it is
used more generally when the converter is carrying a lighting load.
The principal objection to this method is that should there be a
fluctuation of the direct current voltage supply, it might be quite
difficult to synchronize the motor, as it must be in this condition
when it is thrown on the alternating current mains. With an induction motor for use for starting, the converter also requires synchronizing of the converter, so that it is usual in railroad practice
not to use either of the two above-mentioned methods, but to make
use of the method of starting directly from the alternating current
side.
When starting trolley converters from the alternating current
side, a required voltage is obtained from taps in the transformer,
and in a 25-cycle system, starting by this method, may be effected
without disturbing the full load current on the primary. The advantages of this system are that it does not require any starting
motor, and it can be thrown into service without having to synchronize it.
Method of Starting Synchronous Converters. The general
method for starting a synchronous converter from the alternating
current side is as follows: First, see that all switches about the
negative main on the machine are open ; second, close the line
switch feeding busses; third, close the high-tension transformer
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switch on low voltage taps, that is, on upper throw if the converter
leaves synchronous speed ; fourth, close equalizer switches; fifth,
close series shunt switches; sixth, close the field break up switch,
bringing converter to full voltage; seventh, throw starting switch
quickly from upper to lower throw ; eighth, close direct current
circuit breaker; ninth, adjust field rheostat ; tenth, close the main
switch, making further adjustments of field rheostat to obtain the
desired division of load, power factor and voltage.
Synchronous Converters. The synchronous or rotary converter
is a machine for converting alternating current into direct current,
and consists of a synchronous motor and a direct current generator
combined in one machine. It resembles a direct current generator
with a large commutator and a usual set of collector rings. On
the alternating current side it operates as a synchronous motor,
and on the direct current side as a direct current generator.
When driven by alternating currents, its operation is governed by
the alternations of the supply quite individual of all other conditions. While the operation of a synchronous converter corresponds
closely to that of a direct current generator, its action is much
more satisfactory in operation. For instance, there is no field distortion, because the converter is both a generator and a motor,
there is less friction loss, and there is considerably greater output
from the same alternator.
Types of Synchronous Converters. There are two types of synchronous converters which may be used, the compound converter
and shunt converter. The compound synchronous converter with
a series field is used on those systems in which the station output
is very fluctuating, such as is experienced in sub-stations feeding
suburban and interurban railway systems. The shunt wound converter is used principally for supplying city service lines, where
there is practically uniform load with small fluctuations.
Electrification of West Jersey & Seashore Railroad. As illustrating the alternating-direct current system of electrification, the
West Jersey & Seashore Railroad, which is one of the divisions of
the Pennsylvania Railroad, is perhaps the best known. It extends
a distance of 65 miles, from Camden to Atlantic City, New Jersey,
and from Newfield to Millville, a distance of 10 miles. The road
is double track throughout, and has three tracks part of the distance. It is equipped with a third rail for the larger part of the
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route, especially for a stretch of about 4.i miles where the tracks
pass through the city streets at grade, and here the cars are operated from overhead trolleys. The travel on this road is quite large,
especially in summer, and the express trains make the 65 miles in
90 minutes.
The general scheme of electrification consists of generating
alternating current power at a potential of 6,600 volts at the power
house, where it is stepped up to 33,000 volts. At this latter pressure it is transmitted over the high tension transmission lines to
the sub-stations, where it is reduced to a potential of 430 volts by
means of step-down transformers. The low tension alternating
current then passes to the rotaries and is converted to a direct current at 650 volts, at which pressure it is fed to the third rail for
operating the cars.
The power house is situated at a convenient point along the
road and contains the following apparatus: Three 2,000 kilowatt,
6,600 volt, 25 cycles, three-phase Curtis Turbo generators; two 75
kilowatt, 125 volt, Curtis Turbo Exciters; nine 700 kilowatt, 25
cycles, air blast transformers, besides the usual equipment of
blowers, switchboard, boilers, condensers, air pump, circulating
pumps, feed water heaters, boiler feed pump, make-up pump, step
bearing pumps, accumulator, etc. The transverse section of the
boiler house is shown in Fig. 1, which represents the layout in a
general way of the principal apparatus. The boiler room is
equipped with twelve Stirling water tube boilers arranged in pairs
to form six batteries. Coal for the boiler is dumped from the
railroad cars into a receiving hopper, which carries the coal to an
overhead hopper, from which the boilers are fed.
The high tension three-phase current is reduced in pressure
and converted to a direct current at 650 volts in eight sub-stations
distributed along the lines, a plan and transverse section of one
of these sub-stations being shown in Figs. 2 and 3. The rotary
converters have a capacity of from 500 to 750 kilowatts each, there
being three air-cooled transformers provided in conjunction with
each rotary. Each transformer is supplied with taps giving 1-3
and 2-3 of the working voltage, so as to enable the converters to be
started from the alternating current side. This method of starting
does not need any synchronizing, and any rotary converter can be
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started, run up to full speed and be delivering power to the line
within a minute.
The 38,000 volt high tension transmission line is in duplicate
throughout. It is Y.-connected with a neutral grounded, and consists of six No. 1 B. & S. hard-drawn solid copper wires mounted
on porcelain insulators. The poles are of chestnut, their height
being 45 feet, and are spaced about 125 feet apart. Each pole
contains two cross arms, as shown in Fig. 4; the top arm, being 12
feet in length, carries four insulators, and the lower arm is 8 feet
6 inches in length and carries two. The six wires form two inverted equilateral triangles and the insulators are 42 inches apart.
The wires in each triangle are transposed by one complete spiral
between each substation.
To protect the line from lightning, a seven-strand galvanized
steel cable 5-16 inch in diameter is strung the entire length of the
line on top of the transmission poles four feet above the nearest
active wire, and is provided with ground connections at every
fifth pole.
The third rails used weigh 100 pounds per yard and are
about 33 feet long, having a conductivity about equal to that of a
copper rod of 1,200,000 circuit miles. This type of third rail was
used in order that it might be interchangeable with the track
rails. The insulators are of reconstructed granite, and are held
in. position by a metal centering cup which is secured in the long
ties by means of a lag screw. The third rail is bonded with concealed ribbon bonds which have solid copper terminals compressed
into one-inch wires drilled into the rail. Wherever a continuous
third rail is impracticable, third rail jumpers are used. The
third rails are connected midway between sub-stations through a
combined switch and fuse box in order to obtain the combined conductivity of the third rails, which may be insulated from each
other when occasion demands. The third rail is protected by a
wooden top and a side guard at the sub-stations and terminals, but
is not protected in the open country.
The cars are equipped with two 200 horse-power General Electric motors, which are controlled by the Sprague General Electric
Automatic multiple unit type. The controllers are so arranged
that current is cut off from the rotaries through the train, and the
brakes are automatically operated should the rotary release be

held on the controller handle. The total weight of each car fully
equipped is 89,000 pounds. Each car is equipped with hand and
track service automatic air brakes, the controller line extending
through the entire train. These brakes enable the motorman to

Fig. 3.
TRANSVERSE SECTION OF SUB-STATION, USED ON THE WEST
JERSEY & SEASHORE R.

R.

divide the release into as many sub-stations as may be desired,
and give the same flexibility as with the straight air brake equipment. The auxiliary reservoir pressure is maintained by means
of a quick recharge feature, which enables a large number of brake
applications to be made in quick succession. The brake system
also includes a quick service feature, which, when a service application is made, establishes communication between the brake cylinder and brake pipe pressure, thus materially assisting the auxiliary reservoir in building up the brake cylinder pressure in the
usual manner. The motor driven air compressor consists of a
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duplex single acting air pump driven by motors of the railway
type.
Long Island Railroad. Another extensive substitution of electricity for steam in the operation of a large railway system has
been made by the Long Island Railroad, which has completely reconstructed the entire western section comprising 97i miles of

capacity of 66,000 kilowatts. Three-phase alternating current is
transmitted at 11,000 volts to five permanent sub-stations, which
may be assisted if necessary by two fully-equipped portable substations which can be run to any part of the line. Steel cars
equipped each with two 200 horse-power Westinghouse direct-current motors, operated by the unit switch system of multiple control, are used. They are geared for a maximum speed of 55 miles
per hour, and will maintain a schedule speed of 25 miles per hour.
Low Pressure Alternating Direct Current System. In this system the road is so equipped that the car motors run on alternating
current in interurban districts, and on direct current in the city
districts, or where the traffic is very dense. This system is made
possible by the fact that a series motor will run equally well on
single phase alternating current and on direct current. This fact
has made it possible for the New York, New Riven & Hartford
Railroad to adopt this system.
New York, New Haven & Hartford R. R. Electrification. The
electrification of the New York, New Haven & Hartford Railroad is according to the low pressure alternating direct current
system, because the road is being extended considerable distances
from New York City with alternating current, the equipment of
which must adapt itself to the direct current system of the New
York Central & Hudson River Railroad over whose tracks entrance
is obtained to the Grand Central Station at New York.
At the New York terminal direct current at 660 volts is
used for a distance of 34 miles. Power is generated in two large
stations at Yonkers and Port Morris, each having an ultimate
capacity of 30,000 kilowatts. Alternating power is generated and
transmitted at 11,000 volts to eight sub-stations along the line.
The sub-stations contain reducing transformers and rotary converters, which transform the alternating current to direct current
at 660 volts, at which potential it is delivered through distributing
feeders to the third rail. Each station is equipped with Westinghouse rotary converters, and contains storage batteries capable of
taking care of the load fluctuations, and, in case of emergency,
able to operate the entire system under normal conditions for one
hour. Five of these batteries have a normal output of 2,250
amperes each for one hour, mid the others 3,750 and 4,020
amperes respectively.

Fig. 5.

Fig. 4.
HIGH-TENSION TRANSMISSION POLE,

Used on the West Jersey & Seashore
R. R.

TRANSMISSION LINE POLE,

Used

the New York Central &
Hudson River R. R.

on

track. The direct current third rail system has been adopted, to

permit interchange of cars with the subway and elevated lines of
New York City, after the completion of the Pennsylvania Railroad's tunnel between Manhattan and Long Island.
The power house is equipped with 5,500 kilowatt Westinghouse turbo-generating units, and will have a total ultimate rated
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The local service is handled by means of trains made up in
part of motor cars equipped with the multiple control system, and
the through service by electric locomotives capable of making the
trip between the Grand Central Station and Groton with a train
of 435 tons in 44 minutes without stopping. The fastest trains
handled weigh approximately 375 tons, and are drawn by two locomotive units at a maximum speed of from 60 to 65 miles per
hour. Each locomotive weighs 97 tons, 68 tons of which is upon

nection. They are wound for 11,000 volts, and are connected direct to the trolley system. Neither transforming stations nor reducing transformers are required along the line.
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TROLLEY SUPPORT, USED ON THE NEW YORK, NEW HAVEN
& HARTFORD

R. R.

the four pairs of drivers. The motors are of the gearless type,
with armatures mounted upon. the driving shaft without spring
couplings of any kind.
From the junction of the New York Central and New York,
New Haven & Hartford Railroads to Stamford, Conn., a distance
of 22 miles, the New Haven line is equipped for alternating-current operation. The generating station, located at Riverside, is
three miles from Stamford, and contains Westinghouse steam turbines, driving generators having a capacity of 3,750 kilowatts
each when operated single-phase, and 5,500 kilowatts each when
operated three-phase, the armatures being suitable for either con-

Fig. 7.
NEW
R. R.

TROLLEY ANCHOR BRIDGE, USED ON THE
HAVEN & HARTFORD

YORK, NEW

The trolley system is suspended from steel bridges located at
intervals of 300 feet, which will span four, six or more tracks, as
may be required, shown in Figs. 6 and 7. Every two miles an
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anchor bridge of heavier construction is erected. Massive insulators mounted on these bridges support steel cables from which the
trolley lines are suspended by a double catenary construction, each
trolley wire being hung from a pair of steel messenger cables by
triangular supports. The trolley wires are held in a practically
horizontal position, and are divided in sections about two miles
long, separated by heavy line insulators and connected by automatic circuit breakers of the oil type, so that any section can be
insulated in case of ground or other trouble without interrupting
the operation of other portions of the road.
Single-phase System. The single-phase system is the latest
and most advanced step in the evolution of electric traction, the
first commercial installation being used by the Cincinnati & Indianapolis Traction Company in 1904.
With this system electric power may be generated, transmitted and supplied directly to the electric locomotive, substantially at the initial frequency and voltage, without intermediate reductions or transformations of any kind. This system practically
duplicates the simplicity of the local street railway operating with
continuous currents supplied directly to the motors from the
trolley line.
The single phase system for electric roads avoids all necessity
for the ordinary equipment of static and rotary transformers,
storage batteries, low tension switchboards and low tension distributing and contact conductors, while affording the flexibility and
economy of high-tension alternating current transmission over long
distances.
Comparison of Direct Current with Single Phase System. For
small areas of distribution, the direct current system of propulsion has many advantages, but when long systems are adopted, the
single-phase system possesses some distinct advantages. In the
direct current system, high-tension alternating current is generated at the power house and is transmitted to various sub-stations
along the line. These sub-stations are generally equipped with
static and rotary transformers, storage batteries, low-tension
switchboards, distributing and contact conductors, all of which require considerable maintenance. The single-phase system does
not require these auxiliaries, as the motors are directly fed from
the dynamos.

The efficiency of a third rail direct current transmission is
about 75 per cent between bus-bars and engine shoes, as compared
with 95 per cent for the single-phase system. The tJtal cost of a
single-phase system is claimed to be much less than that of a continuous current system, and, besides having a higher electrical efficiency, it has lower fixed charges, maintenance and operating ex-
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penses.
Advantages and Disadvantages of the Single-phase System.
The principal advantages and faults of the single-phase system, in
comparison with the ordinary direct current system, are as follows :
The advantages are: Low voltage motor; no flashing or
bucking; balanced magnetic pull on armature; motors will operate
on direct current; voltage control avoiding rheostatic losses;
fewer notches on controller; greater number of efficient running
speeds; multiple unit control is simpler; greater ability to make
up lost time; overhead contact line; more reliable contact line;
sliding contact collector; no feeders; sub-stations are fewer,
simpler, more reliable, more efficient, cheaper, and require no attendance; fewer insulators on transmission line ; entire system is
simpler and more flexible and may have decreased first cost and
operating expenses.
The disadvantages are: Motor has 3 per cent to 5 per cent
lower efficiency ; more brushes; heavier and more expensive car
equipments; more expensive contact line (neglecting third rail) ;
transmission line may take more copper or higher voltage; larger
and more expensive generators.
Application of the Single-phase System. The single-phase system is not adapted to all branches of traction work. For instance,
in cities the trolley voltage would probably be limited to a value
that would preclude the use of single-phase apparatus. Again, it
is evidently not suited to mine haulage in general, where space is
limited and the necessary high voltage trolley would be within easy
reach of the workman. Also short interurban roads may show an
advantage in favor of the 530 to 650 volts direct current system.
The single-phase system is especially suited to general interurban work for moderate and long distance, chiefly because o
the reduction in the number and cost of sub-stations and low-tension distribution system, and because of the absence of constant
sub-station attendance. It is also well adapted for heavy service,
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frequent or infrequent, such as the electrification of an existing
suburban steam service, branch lines of steam roads, through steam
lines, and mountain grades.
Single-phase Motors. The single-phase motor, as its name
implies, operates with single-phase currents, and its characteristics
are essentially identical with those of the more familiar continuous current series motors.
Single-phase motors are adapted for operating with either
alternating or continuous currents, and this valuable feature
makes it possible to design electric locomotives which may be operated at will by high-tension alternating currents from an overhead
conductor, or on low-tension continuous currents from a third rail.
Frequency of Single-phase Systems. The frequency of singlephase railway systems is practically fixed by the manufacturing
companies of electrical apparatus within limits of fifteen and
twenty-five cycles per second.
A frequency of fifteen cycles per second has the advantage of
a reduction in -weight, size and cost of the motors required ; there
are less conductor losses and induction disturbances, and there
is an increase in the power factor of the motor. The principal objection to the use of a frequency of fifteen cycles per second is that
it restricts or prevents the use of the electrical current for many
other uses incidental to railway operation.
The standard power and railway frequency in general use is
twenty-five cycles, as the lighting of stations and other buildings
is an important facto; and 25 cycles is the lowest frequency at
which carbon filament lamps in general use can be satisfactorily
operated.
Voltage Used on Single-phase Systems. The standard voltage
for single-phase systems is 3,300 volts on the trolley, especially for
short roads and light service. For high-class interurban service
on roads of moderate length, and some cases of steam road electrification, 6,600 volts is altogether satisfactory. For very long
interurban roads operating trains, and for the electrification of
steam roads, with frequent service, 11,000 volts trolley pressure
will ordinarily work out to the best advantage. Up to the present
time this is the highest voltage to which it has been necessary to
go in this country, but heavier traffic and longer lines may in the
near future make advisable the consideration of even higher volt-
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age, and it is altogether probable that within a few years we shall
lines in every-day operation under a trolley pressure of from
15,000 to 22,000 volts. In many cases it is feasible to use sufficiently high voltage on short roads, so that only one feeding point
is required, and to locate the power plant at that point. Otherwise additional feeding points must be provided in the form of
transformer station ,.
Single-phase Transformer Stations. The transformer station
contains one or more transformers with switching apparatus and
lightning protection on both the high and low tension sides. The
absence of rotating machinery, polyphase switching apparatus, and
direct current switchboard leaves a station of unusual simplicity,
and one not requiring constant attendance. The transformer itself
is simple and one of the most efficient pieces of electrical apparatus.
It also has an exceedingly large momentary overload capacity.
Since the station contains no rotaries and the transformer takes
power direct from the high-tension line and delivers it direct to
the trolley, sufficient station capacity may be obtained in one unit,
or at most only a few large units, instead of the numerous units required by having a bank of small transformers for each rotary.
Comparison of Single-phase and Direct Current Sub-stations.
In comparison with the alternating direct current sub-station, with
its rotary converters or motor-generator sets, the transformer station is much simpler and more reliable. The transformers are not
affected by short circuits as are rotary converters. There is no
flashing, dropping out of step or synchronizing. Throughout the
system accidents are less apt to be destructive with high voltage
alternating current than with direct current, because of the smaller
currents and conductors used on the self-induction of the circuits
and apparatus employed. This difference is probably nowhere
more noticeable than in the sub-station operation of the two systems. Since the transformer station contains no moving machinery, and only such apparatus as is highly reliable, it is not
necessary to provide constant attendance for these stations.
There is also a large gain because of the absence of rotary
converters. The average efficiency of the rotaries on a system
would probably not exceed 92 per cent, because of the periodic
heavy overloads and low average load factor, which is even less
than that of the power house. The reduced number, greater sim82
see
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plicity and better efficiency of the sub-stations, together with the
absence of constant attendance in the same, constitute the second
large item of saving in first cost and operation by the single-phase
system in comparison with the direct current system.
Application of Single-phase Systems. The first single-phase
railway in America was opened between Indianapolis and Rushville, Ind., during December, 1904, and the road has been extended
so that now a single power station supplies 85 miles of road.
Three-phase current at 33,000 volts is transmitted from the
central power station and reduced to 3,300 volts before connection
to the main trolley sections, and within the limits of Indianapolis
the cars run over direct current lines fed at 550 volts. The control equipment is capable of operation on either direct or alternating current. The overhead structure of the high potential
trolley is of the catenary type.
Spokane & Inland Railway. The system of the Spokane &
Inland Railway connects the cities of Spokane and Colfax, Wash.,
with a branch nmning to Palouse City—making a total length of
track of 106 miles. Current is purchased from the Westinghouse
Water Power Company at 60 cycles, and transformed to 25 cycles
by frequency changes. The alternating current is then transmitted at 45,000 volts to 15 transforming stations, in which it is
reduced to 6,600 volts, the potential of the trolley circuit—except
within the limits of Spokane itself, where the alternating current
cars are operated over present direct current lines at 575 volts.
Each car is equipped with four 100-horse-power single-phase motors
and unit switch multiple unit control. Locomotives, each equipped
with four 150-horse-power motors for heavy freight service, are
used, each locomotive unit weighing 40 tons, and can be operated
separately, or any number can be coupled together and controlled as
a single machine.
Toledo & Chicago Single-phase Railway. As an illustration of
an extensive interurban single-phase railway system, the Toledo
& Chicago Railway is typical. It runs upon single-phase current
most of the distance, but through towns and at the terminal cities
direct current is used.
The general scheme of electrification is as follows: Singlephase current is generated in the power house at 3,300 volts, at
which pressure it is fed direct to the trolley for those sections of

the road nearest the power houses. For the more distant sections,
the generator voltage is stepped up by transformers in the power
house to 33,000 volts and fed to the sub-stations over the transmission line before being reduced to the trolley voltage.
The generators are two-pole revolving field machines conmeted on the Y-principle. Although the windings are of the
three-phase type, the generators are normally connected for singlephase operation. While with this arrangement only two-thirds of

1283

Fig. 8.
WIRING DIAGRAM OF SUB-STATION, USED WITH THE SINGLEPHASE SYSTEM OF TB E TOLEDO 43,1 CHICAGO
;

R R.

the copper is active, there is a spare phase for use in case of an
accident to any winding.
The method of wiring the sub-stations is shown in Fig. 8. A
three-phase transmission will ultimately be employed on this road,
but for the sake of clearness the third phase is not shown.
The trolley construction is of the catenary suspended type,
which consists of grooved No. 000 hard-drawn grooved copper
wire and a seven-strand No. 11 steel wire messenger cable. The
trolley is supported 20 feet above the track. When bracket con-
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struction is necessary the method shown in Fig. 9 is used. The
bracket arms are made of 2f-inch steel pipe. They are fastened
to the poles by means of a flange and two lag-screws and are sup-

this dead section, whichever main switch is closed will open, owing
to the fact that the circuit energizing its retaining coil is broken.
The car can run over this dead section at. full speed, and all the
motorman has to do to make the proper connections is to throw the
commutating switch and close the main alternating current or
direct current switch, as the case may be.
In the event of the motorman closing the wrong main switch
it will open the moment his hand is removed, since its retaining
coil will not be energized. No harm will result from a motorman's
closing the wrong main switch. If the alternating current switch
is closed on the direct current trolley, the high-tension fuses will
immediately open the circuit. Again, if the direct current switch
is closed on the alternating current trolley, resulting in the trolley
fingers of the commutator switch being subjected to 3,300 volts,
no damage can he done, as they are insulated for 5,000 volts.
There are a large number of other roads using single-phase
alternating current, but the above described transmission is representative of the most important points to be found on all of them.
Polyphase Systems. Of the polyphase systems in use the threephase system is the only one of importance to be considered. If
the three-phase current is used for the distributing circuit, the
system requires more than one trolley or collector. When threephase generators are used in the powerhouse, however, the simplest
means of alternating current railway distribution is to carry out
the transmission scheme and sub-station connections by using one
leg of the three-phase system and neglecting the other two phases
as though they did not exist, In other cases the three-phase
current may be carried to the trolley circuit, which may be divided
into sections, each section being fed from a separate phase of the
three-phase primary distribution system. This system secures
the advantages of three-phase current generation and transmission, but requires a larger secondary distribution system. When
the three-phase induction motor system is used, the same method
of sub-station connections and primary distribution may be used
as is used in the three-phase system which is converted by rotary
converters to direct current, with the exception that in the place
of the rotary converter sub-station transformer sub-stations may be
used. This system, however, has had larger application in Europe
than in this country.

Fig. 9.
BRACKET AND STEADY

BRACE

FOR SUPPORTING

USED OW THE CHICAGO & TOLEDO

TROLLEY,

R. R.

ported by a finch guy rod. The insulators used are shown in
Fig. 10. They are of porcelain, 5 inches in diameter and
inches in height. They are attached to malleable iron pins by
means of cement.

Fig. 10.
ALTERNATING CURRENT TROLLEY INSULATOR.

Changing from alternating current to direct current operation, or vice versa, is accomplished by means of a dead section in
the trolley wire, which is made as long as possible without exceeding the span of the two trolley poles. At the instant the car enters
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Comparison of the Three-phase and Single-phase Systems. In
comparison with the three-phase railway system using induction
motors on the cars, the single-phase system shows the following
advantages: Correct motor characteristic; all motors working at
all speeds; greater number of efficient running speeds; voltage
control; single contact line and collector; higher voltage on contact line; fewer and simpler transformer stations.
The disadvantages are: Less efficient motor; epuipments
may be heavier; transmission line may be more expensive; larger
and more expensive generators.
On lines with numerous or long, heavy grades, recuperation
of power when running down-grade is practicable with singlephase equipments, as well as with three-phase equipments. The
polyphase induction motors will return power to the line at only
two speeds without resistance in the circuit, whereas single-phase
equipments will do so at practically all speeds. In the act of
recuperation of power the train is braked, and a large amount
of the wear and tear on the wheels, brake shoes and track is
avoided. To accomplish this result with single-phase equipments
it is, of course, necessary to provide a certain amount of special
control apparatus in addition to that ordinarily required.

Single-phase and Three-phase Transmission Lines. When
alternating current is used directly in the ear motor, it is possible
to use either three-phase or single-phase transmission. Threephase transmission to transformer stations is ordinarily equivalent
to that for rotary sub-stations. -When transformer stations are fed
from a single-phase circuit at a given voltage, more copper will be
required than for three-phase transmission at the same voltage, but
at the same time the number of insulators is reduced with singlephase. The amount of copper required for single-phase operation
may be reduced by going to a higher transmission voltage. On
many interurban roads increase of voltage for this service is not
necessary, because the 22,000 or 33,000 volts which -would be ordinarily used for three-phase transmission would still be sufficient
for single-phase transmission when making use of No. 6 B. & S.
copper wires, and it is not desirable to go below this size on account of mechanical strength. In fact, many engineers prefer
taking No. 5 B. & S. copper wire as the minimum size for transmission circuits.

FIVE-CAR TRAIN—LONG ISLAND RAILROAD
(Westinghouse Electric & Mfg. Co.)
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With three-phase transmission and the transformer stations
distributed among the phases, a sectional trolley is necessary, each
station supplying its own section. With single-phase transmission
there is a continuous trolley between feeding points, with the attendant reduction in the number of feeding points. Where threephase transmission is employed the number of transformer stations may be made the same as with single-phase transmission by
making use of three or two-phase transformation, the trolley being
sectionalized in front of the station, and the two secondary phases
feeding alternate sections of the trolley. In this case, however,
there is a multiplication of apparatus in individual stations.
Consequently, the question of transmission reduces in general
to either a single-phase line with a certain amount of copper and
a certain number of insulators, or a three-phase line with onethird less copper and fifty per cent more insulators, together with
either more feeding points or more apparatus per station. If the
total cost for transmission and transformer stations is found to
be greater with single-phase than with three-phase transmission, it
is still a question whether it is not better to put the additional
money into copper, which has a small rate of depreciation, and
may even appreciate, rather than to have the additional units of
transforming and switching apparatus and the increased number
of weak points on the line which accompany three-phase transmission.
The maximum drop in the high-tension line should be not
more than 10 per cent. With this maximum drop in the line the
average loss will usually be 5 per cent or less.

Power Station for Single-phase Roads. The power house for a
single-phase road will contain alternating current generators, D. C.
exciters, switchboard, raising transformers, lightning protection,
and high-tension switching apparatus. Aside from the generators,
the power house apparatus does not concern the system particu-

larly.
The generators may be either single-phase or polyphase.
Polyphase generators have the advantage in first cost, but labor
under the disadvantage of having the load unbalanced between the
phases, with the attendant bad effect on voltage regulation, and of
inability to concentrate all power along one section of the line if
necessary. Single-phase generation requires larger and more ex-
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pensive machines than three-phase, but the total power of the generating station is available on any section of the line, and the
power house voltage may be maintained constant by the use of the
Tirrill regulator, irrespective of the load conditions.
In this country the manufacturers of single phase railway
apparatus have up to the present time held to the frequency of 25
cycles. If power is available at a different frequency, and can be
purchased to better advantage than it can be independently generated, the power house trill be replaced by a frequency changing
station containing motor generator sets. The motor generator sets
may be driven by either induction motors or synchronous motors.
In connection with them storage batteries may be used for reducing the peak load by the addition of a direct current machine
which will act alternately as motor and generator.
As to prime movers, steam turbines operate particularly well
under conditions of varying load, such as railway service, and in
addition have a high economy. Gas engines also have been found
to give excellent service in this class of work, even when operating
alternators in parallel. In selecting the capacity of gas engines,
however, it is necessary to determine fairly accurately the maximum load to which they will be subjected, because of the small
definite overload capacity of this type of prime mover, with the
present method of rating.
The generators may be wound for the trolley voltage, and
power may be supplied to the trolley direct without any intervening transformers. Protection from lightning is furnished by choke
coils in the trolley circuit before it leaves the power house, and by
having the trolley line itself well protected.
With single-phase generators, shop power may be obtained by
using single-phase induction motors or single-phase series motors,
or direct current from the spare exciter may be utilized for this
purpose.
Electric Locomotives. Until recently the field of electric locomotives has been largely confined to industrial, mine, and light
freight haulage. The introduction of electric locomotives on various steam roads entering New York City, namely, the Pennsylvania, New York Central, and New York, New Haven & Hartford Railways, and their adoption for the St. Clair and Simplon
tunnels, and for general freight haulage on the Spokane & Inland

Railway, indicate that another and heavier field for electric traction is open.
Different rinds of Electric Locomotives. The electric locomotive may be divided into several classes, depending upon the
kind of current used, the methods of mounting the motor and the
body design. The electric locomotive can be made in different
shapes, there being no standard outline at the present time. In

-
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the smaller locomotives the motor is generally geared to the driving axle by what is called single reduction; that is, there is a
small pinion on the armature shaft and a large gear wheel on the
driving axle. By this method the armature can run much faster
than the axle, and thus can produce counter electromotive force
and speed. On the large electric locomotives, the motors are generally connected to the axle directly, no gearing being used.
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The most important classification of the electric locomotive
is according to whether it uses direct or alternating current. The
direct current locomotive, as shown in Fig. 11, has many particular advantages for heavy propulsion and has been the more
developed, but the alternating current system possesses so many
advantages over a direct current system that it has of later years
been used extensively for electrifying steam railroads.
First Use of the Electric Locomotive. The first use to which
electric locomotives were put arose from the necessity of taking
care of the miscellaneous freight work on interurban and suburban
lines. These locomotives weighed about 100,000 pounds, having
a rigid wheel base of 6 feet, and a total wheel base of 20 feet 6
inches. One of the earlier installations of electric locomotives of
large size was that of the Baltimore & Ohio terminal at Baltimore,
the electric locomotive being adopted in place of steam in order
to overcome the smoke nuisance in the terminal. The first electric
locomotives were equipped with gearless motors and are still in
operation.
Baltimore & Ohio Electric Locomotives. There are four gearless motors used on these locomotives, two to each truck, flexibly
supported and transmitting their power to the wheels through
flexible connections. Each motor has six poles and six sets of
carbon brushes, the brushes being connected to a yoke revolving
to 360 degrees in order to facilitate inspection. The field coils are
encased in sheet iron cases, and are fitted with pole pieces joined
to the field frame. The armatures are series drum wound, and
with the commutator are mounted on a hollow sleeve which is
carried on the journals on the truck frame. Each motor is rated
at 360 horse power, and takes a normal current of 900 amperes.
The controlling devices occupy the interior of the cab, which
is placed in the center of the locomotive. The controller is located
in one-half of the cab, and is of the series parallel type. The resistances are placed around the frame beneath the floor of the cab.
The locomotive is equipped with an automatic circuit breaker, a
magnetic cut out, and an ammeter and a voltmeter. Compressed
air is used for the whistle and brakes, the air being supplied by
an oscillating cylinder electric pump, the air tanks being placed
at each end of the complete locomotive. The current is collected
from the overhead wire by means of a sliding shoe of brass, which
-
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is fixed to a flexible support fastened to the top of the cab. This
trolley support is diamond shape, and is coupled, contracting and
expanding, as the height of the wire varies. It is also arranged
to lead to one side or the other as the locomotives run on one side
of the other of the overhead conductor.
The latter type of electric locomotive is used on the Baltimore
& Ohio terminal road at Baltimore, and they are of the 160,000
pound geared type. The complete locomotive consists of two such
units coupled together. As this type of locomotive is equipped
with multiple control, the two units Comprising the complete locomotive can be operated by a single operator in the leading cab.
Owing to the rigid wheel base construction and the low center of
gravity of this type of locomotive, its use is necessarily restricted
to operation upon tracks having curves of large radius and for
low speed operation.
New York Central Electric Locomotives. One of the most interesting types of electric locomotives is used on the New York
Central Railroad, due to the fact that the motors of the gearless
type were adapted in this construction. They weigh 200,500
pounds total, of which 1 t2,000 pounds is on the four pairs of
driving wheels. The tractive effort is 34,000 pounds, giving a
ratio of 1 to 4.15 with she weight on drivers and 1 to 5.9 with
the total weight. The normal horse power which can be developed is 2,200, or 550 horse power per motor. This, however, can
be increased to 3,000 horse power at starting or for short intervals
in running. The motors are of the gearless type, the armatures
being mounted directly upon the axles of the driving wheels. The
specifications call for a maximum speed of these locomotives of
from 60 to 65 miles per hour, which, with the 44-inch driving
wheels, will give about 460 r. p. m. of the motors. This speed is
to be made with a 500 ton train. For trains of greater weight
two of the locomotives can be coupled together and operated on the
multiple unit system.
Power is transmitted from the drivers through the two main
frames to the end casting, in which is located the draft gear.
The cab is simply superimposed on these frames, and is built of
light structural steel shapes and plates. The side frames are outside of the driving wheels and are made of east steel. They extend continuously from end sill to end sill, and have the driving
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boxes fitted into pedestals in the ordinary manner, there being a
difference from steam locomotive practice in that there are no
wedges, both pedestal jaws being fitted with cast iron shoes. The
end frames are heavy steel castings securely bolted to the side
frames, and are fitted with pockets for the draft gear and platform
springs. In addition to these there are five transverse steel castings, or cross ties, fitted and bolted to the side frames, there being
one between each pair of drivers and one at either end just outside of the driving wheels. These transverse castings support the
field magnets of the motors, the three center ones supporting a
coil on either side, and the end ones supporting a coil on the inner
side only, and having lugs on the opposite side for attaching the
pony truck radius bar. The pony trucks, of which there is one at
either end of the locomotive, are of the usual locomotive design.
The central portion of the superstructure, or the cab proper,
consists of a large open room in which are located the motorman's
controlling apparatus, which is in duplicate, one at each end, the
electric air pump, and also a space in which is installed a boiler
for steam train heating.
The engineer has at his right a large sliding window, and
ahead a double sash window, the lower sash of which can be
swung out and adjusted at any angle. At his left is the main controller with a long lever, resembling a throttle lever, in a position easily reached when leaning out of the side window. Immediately in front, below the front window, is located the engineer's
brake valve, alongside of which is the air gauge. 'Within easy
view are also located a volt and ammeter. To his right just below the side window is the valve controlling the raising and lowering of the trolleys, which are operated by air pressure, and just
behind him is a valve for the air sanders, a bell rope and whistle
cord are withinn reach, and two electric heaters are located on the
front wall near the floor. All gauges are illuminated by shaded
lamps. The switches for electric headlights, cab light, etc., are in
the corridors.
The current is collected from the third rail by four shoes,
shown in Fig. 12. These are carried from wooden blocks fastened
to the locomotive frames, and are spring supported and arranged
for a vertical play of about two inches. They are adapted for
making contact with either over or under running third rails.

There are also two pantograph type sliding trolleys, mounted on
top of the locomotive for collecting current from overhead rails
when necessary. These are raised and lowered by air pressure.
Both the shoes and trolleys have a fuse placed in boxes lined with
fireproof material and located on the outside of the locomotive,
close to the point of contact.

_
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The motors are two-pole direct current series wound and are
rated at 550 horse power each. They are built to withstand an
overload of 50 per cent for one hour, with a rise of temperature not
to exceed 75 degrees. The pole faces are made practically flat, so
that the driving wheels with the armature can be removed by
means of a drop pit without disturbing the field coils. The core
of the field coil, as above mentioned, is integral with the steel
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cross ties, the faces being made up of laminated soft iron sections
dovetailed into the cast steel cores and held in position by the
field coils.
The brush holders are mounted on insulated supports secured
to a lug cast on the frame cross ties, and are arranged to allow a
considerable degree of vertical adjustment. This construction, as
well as other features of the motor, are clearly shown in the illustrations of the cross sections through the motors. It will be seen
that since the armature is rigid on the drivers, and the field coils
and brushes are carried on the frame, there will be at all
times considerable vertical movement between these parts, and
hence all parts of the motors are arranged to suit. The air gap
between the armature and pole face is nominally one-fourth of
an inch.
The Sprague General Electric multiple unit system of control is used on these locomotives, and the motorman's controller located in the cab is the master controller for operating the contacts
located in the end portions of the superstructure. Notches on the
master controller, however, correspond directly to the different
contacts on the main controller, and are divided into three general
sections. The first section connects all four motors in series
together, with a certain amount of resistance, and for each notch
of the controller in the first group parts of this resistance are cut
out -until the four motors are connected in series directly across
the terminals. The next group at the first notch connects the
motors in groups of two motors which are in series, the two groups
being in multiple with resistance in the circuit. As the handle
is still further pulled back, each notch cuts out more resistance
until it has all been cut out. The controller then passes to the
third group, where all motors are connected in multiple, there
being at the first notch of this group resistance in the circuit,
which resistance is again gradually cut out Until finally at the last
notch the motors are given the full amount of current when connected in multiple. The resistance consists of flat grids of cast
iron mounted in cast iron frames from which they are insulated.
The connection to the controller contacts is made by heavy copper
bars. Cast iron is used for resistance because it is cheaper, has
a high specific resistance and will stand a large amount of heat
before any danger of short-circuiting. In order to prevent burn-
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ing out the motors by too rapid reduction of resistance in the
circuit before they have come to speed, there is an electrical arrangement in the controller, which prevents it being moved to
another notch before the motors have reached the proper speed. It
is also impossible to move the controller handle unless the revers-

Fig. 13.
INTERIOR OF CAB, NEW HAVEN ELECTRIC LOCOMOTIVES.
ing lever is fully thrown either forward or backward ; this prevents burning out, caused by the controller handle being in a mid
position before the current is thrown on by the reversing lever.
For the air brake and other pneumatic devices there is located in the cab a double cylinder air compressor driven by two
general electric 600-volt series motors. The appearance of this
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compressor is shown in one of the illustrations, and its construction is made clear by the cross-section. It has a capacity of 73
cubic feet of free air per minute, and is controlled by a governor,
which automatically cuts the motors in and out of the circuit
when the air pressure falls below 125 pounds, or exceeds 135
pounds.
Electric headlights are mounted on either end of the locomotive, and behind them on one end is a regular locomotive bell,
operated by either a cord or by a pneumatic bell ringer, and on
the opposite end is an air whistle. The end upon which the whistle
is located, and toward which the brake rod pushes, is called the
"A" or front end of the locomotive. No attention, however, is
given to this in the direction of operation.

ing heavy grades the locomotive is working at reduced output and
reduced efficiency. The electric locomotive will, with few exceptions, give increased horse-power with increased load up to the
point of slipping the wheels. The electric locomotive may be designed with the entire locomotive weight on the drivers, and thus
the percentage of dead weight in a train be reduced to a minimum.
Two or more locomotives may be operated as a single unit without
increase in train crew over the number necessary for one unit., the
limit in the number of units so operated being determined by the
maximum draw-bar strains which the draft gear of the train is
capable of withstanding. This multiple operation without increase of train crew becomes an important factor in the electrification of mountain grades, where there are heavy trains operated at frequent intervals. A system using electric locomotives
obtains the benefit of a centralized power house and its consequent
economy. The great flexibility of electric systems is also an important item. Practically all of the power of the generating station may be concentrated on a particular section if necessary.
With electric locomotives stops for taking on water and coal are
abolished. Increased speed on grades is possible. This is an
important item where a section of road has reached the limit of its
capacity with steam operation, both as to the number and size of
trains. With three-phase or single-phase locomotives there is the
additional advantage of recuperation of power from trains on descending grades. The building of electric locomotives in capacities
comparable with existing steam locomotives is no longer a mere
possibility. It has been accomplished in recent years with direct
current equipments, and within the past two years two distinct
types of single-phase locomotives have been developed and built,
whose operation may be compared to that of steam locomotives.
The locomotives for the St. Clair tunnel are comparable to steam
freight locomotives, and the locomotives of the New York, New
Haven & IIartford Railroad are for a distinctly high-speed
service.
Tests of Electric Locomotives. Some very satisfactory figures
have been obtained in respect to the acceleration and high-speed
qualities of the electric locomotive. One of the most interesting
tests was made in actual competition, or race, between electric locomotive No. 6000 of the New York Central and a large Pacific
83

New York, New Haven & Hartford Electric Locomotives. The
New York, New Haven & Hartford Railroad uses electric locomotives of the single-phase type, which operate at 25 cycles from
an. overhead 11,000 volt trolley. The locomotives are more or less
unique both in type of motor and method of suspension adopted.
The locomotive comprises a sub-structure resting upon two 2-axle
bogie trucks. Each axle is equipped with a gearless motor of the
single-phase compressed type, the motor armature not being
mounted direct on the axle as in the case of the N. Y. Central direct current motor construction, but it is mounted between a quill
surrounding the driving axle. The torque is delivered from the
armature to the driving wheels through seven projecting pins engaging the driving wheel spoke through intermediate coil springs
in the spoke sockets.
The weight of these locomotives is 190,000 pounds, with all
the weight on the drivers. There are 8 driving wheels, 62 inches
in diameter. The rating of each motor is 250 horse-power, the
operating voltage of each motor being 225 volts. In these locomotives both the step-down transformer and the motors themselves
are cooled by forced ventilation. Fig. 13 shows the interior of
the cab of this type of locomotive.
Comparison of Steam and Electric Locomotives. Some of the
general points in favor of electric locomotives for heavy traction
work as against steam locomotives are as follows:
The steam locomotive develops its maximum horse-power at.
high speeds, consequently in starting large loads and in ascend-
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type passenger locomotive, which had approximately the same
weight on drivers, both locomotives hauling the same weight train.
A series of runs with varying conditions were made, and it was
found at that time that the electric locomotive was capable of an
acceleration of .394 miles per hour per second to about 50 m. p. h.,
while the steam locomotive was capable of but .246 miles per hour
per second. Also that the time required to reach a speed of 50
miles per hour with a six-car train weighing 407.5 tons for the
electric and 427 tons for the steam, was about 127 seconds for the
electric and 203 seconds for the steam, which shows wherein the
biggest advantage from an operating standpoint of the electric
service lies. In this series of tests it was shown that the electric
locomotive was capable of attaining over 85 m. p. b. when running,
although this locomotive was not designed for specially high
speeds. Accurate figures were also obtained on the cost of operating and maintaining the electric locomotives, as compared with
similar figures for the steam locomotive, which were very low.
Bating and Capacity of Electric Locomotives. The rating of a
steam locomotive is based on the maximum tractive effort which it
is capable of giving, while its capacity depends on the maximum
speed at which this tractive effort may be developed. The maximum rate of doing work, therefore, for which it is possible to
design a steam locomotive is established by practical limitations
as to steam capacity of the boiler and width and length of the firebox. The electric locomotive, on the other hand, does not generate
its own power, but merely acts as a transmitting medium
through which electric power delivered to the locomotive is converted into mechanical power at the driving axles. Each driving
axle of an electric locomotive being equipped with a motor, the
size and horsepower of which is limited by the speed at which
it operates, by the gauge of the track, and by the diameter of the
wheels, it becomes only necessary to provide a sufficient number of
driving axles to permit the electric locomotive to deliver the
greatest tractive effort that the draw bars of a train will stand
at any speed permitted by considerations of safety in operation
and reasonable cost of track maintenance.
The rating of the electric locomotive, like the steam locomotive, is based on the maximum tractive effort the locomotive will
exert for short periods of time, fixed by mechanical considerations,

87-TON ELECTRIC LOCOMOTIVE USED IN THE PENNSYLVANIA TUNNEL, NEW YORK CITY
(Westinghouse Electric & Mfg. Vo,)
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such as weight on drivers, and by electrical conditions, such as
overload capacity of the motors. The capacity of the electric locomotive, on the other hand, is determined by the heating of the
motors in continuous operation, this heating being dependent upon
the operating conditions, such as length of run, grade, curves,
weight of train, schedule speed, number and duration of stops
and lay-overs.
In order to provide a margin to cover changes in assumed
operating conditions and possibility of occasional increase in duty,
the estimated temperature rise in service operation should not, as
a general rule, be greater than 60 to 65 degrees C., although occasions may infrequently arise where a higher value may be safely
taken.
Types of Motors Available for Railway Service. There are
three types of motors available for railway service, which depend
upon three systems of distribution. First, the direct current
series motor of 600 to 1,200 volts, fed from rotary converter or
motor generator sub-stations which are operated upon high potential, three-phase, alternating current transmission systems ; second,
the alternating current series motor, which is fed directly from an
alternating current high potential transmission system through intermittent step-down transformers ; third, the alternating current
three-phase induction motor fed directly from an alternating current three-phase transmission through step-down transformers.
Series Motors. Owing to the fact that all railway motors are
subjected to a heavy load on starting, a series wound motor has been
found far superior to that of any other type. The series wound
machine is one in which the current which goes to the armature also
flows with the same intensity through the field circuit, and consequently, the windings of the field being large, they are able to withstand heavy overload currents which at times come upon them.
They are built with a commutator having brushes which are used to
distribute the current. The armatures are built of thin, soft iron
laminations which are keyed to the shaft. The windings of the
armature are of the series drum type, the number of coils on the
armature depending upon the class of service which the motor is
to render.
Since a series motor is always operated upon a constant potential circuit, the armature speed will increase until it reaches a
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value where the counter electro-motive force cuts down the armature current to such a point that the power of the motor is equal
to the sum of the fixed losses, the variable losses and the usual
mechanical power taken out to the car. Upon the removal of the
load a series motor tends to increase its speed, and in this manner
increases the counter electro-motive force, which, however, results
in weakening the field, which causes a small change in load to give
a wide change of speed. It is evident in a series motor that while
the motor is at rest and the circuit is closed an enormous result of
current would occur giving an enormous torque, which if allowed
to continue would cause destructive heating and probably damage
to the motor. To prevent this it is usual to insert a series resistance in the circuit, which may be cut out as the speed is increased
sufficiently to give the proper counter electro-motive force. In
practice, controllers are used for this purpose. Series wound
motors, however, have been perfected to such an extent that they
will stand a wide amount of abuse. They are consequently built
stronger, and they are either water-proof or encased in a waterproof shell in order to protect them from the weather. They are
suspended under the car either by means of the side bearing, the
cradle, the nose or the yoke suspension. In each case one end of
the motor frame contains bearings which run on the wheel axle.
Characteristics of Series Motors. The series motor, whether
direct current or single-phase, is particularly suited to traction
work because of its characteristics. At heavy loads the speed is
low and the tractive effort large. At light loads the speed is comparatively high and the tractive effort low. One result of these
characteristics is that when starting with a given acceleration the
motor is running at full voltage sooner than would be the case
with a constant speed motor, and so is subject to control losses for
a shorter period, thus reducing the power consumption. In addition to this, the speed of the motor accommodates itself to the profile of the road, running slower on grades where a large amount of
tractive effort is required, and speeding up on the level where the
necessary tractive effort is small. The result of this characteristic
is to somewhat equalize the horse-power drawn from the line under
varying conditions, and to minimize the heavy loads drawn from
the line in ascending grades or starting.
Single-phase Motor. The single-phase motor is of the series

type; that is, the same current passes through the field and armature windings. Its operation on alternating current depends on
the same principle which makes it operate on direct current. The
armature of the motor may be considered as a single coil between
brushes. The brushes are so placed that this coil has the maximum
torque. The direction of rotation depends upon the relative direction of the magnetic field and the current in the armature. When
alternating current is applied to the motor, the direction of field
magnetism changes each time the direction of current changes; consequently, with fixed relation between field and armature windings,
the rotation is always in the same direction on alternating current
as on direct current.
Series Motors Used on Single-phase Circuits. In adapting the
series motor to alternating current operation, certain difficulties are
encountered which are not present in the operation of a series
motor on direct current. In the coils, which are short-circuited by
the brushes, the alternating field magnetism induces a local current which may be comparatively large, the action being similar
to that of a transformer. As the armature revolves, the shortcircuit currents are broken every time a commutator bar passes
from under a brush, and this produces more or less sparking at
the brushes. In order to overcome this sparking, preventive leads
are inserted in the armature circuits between the commutator bars
and the main coils, thus introducing additional resistance into the
short-circuit portions of the armature and consequently reducing
the short-circuit current. These preventive leads are proportioned
to minimize the armature copper losses.
Power Factor of Single-phase Motors. The power factor of
the single-phase motor is less than unity because of the self-induction of the field and armature windings. It is advisable to keep
the power factor as near unity as possible, for additional current
must be supplied for a given amount of actual work when the
power factor is low. The self-induction of the field cannot be entirely done away with, but it may be reduced by using a weak
field. The effect of using the weak field is to reduce the air gap
of the motor and the number of turns in the field coils.
The self-induction of the armature is additive to the selfinduction of the field, thus tending to lower the power factor of the
motor. However, it is not an unavoidable adjunct of any feature
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necessary to the operation of the motor. This self-induction of the
armature is neutralized by the auxiliary or compensating winding,
which is connected in series with the other motor windings, and is
so disposed that its resultant magnetic field is directly opposed to,
and equal in amount to, the magnetic field due to the armature's
self-induction. This neutralization of the armature self-induction
decreases the total self-induction of the motor, and thus raises the
power factor above what it would be without the neutralizing
winding.
Torque of Series Motors. In series motors the torque is a
function of the current, the torque with alternating current being
slightly less than with the same direct current and same arrangement of fields, partly because of the decrease in the effective value
of the field magnetism with alternating current, and partly because of the demagnetizing effect of the short-circuit current. The
torque, in starting with a given current, is practically the same as
when running with the same current, and consequently the singlephase series motor is not subject to the difficulty which is present
in starting single-phase induction motors, and no special arrangement of winding is necessary for obtaining all the starting torque
desired.
In the matter of efficiency, the single-phase motor is of from
3 to 5 per cent less effect than the equivalent direct current motor.
Advantages and Disadvantages of Single-phase Motors. The
ease and efficiency with which the voltage of alternating current
may be changed by means of a transformer on the car make it
possible to design the motors for comparatively low voltage without regard to what trolley voltage may be desirable in a particular
case. The use of a multiple circuit winding on motors above 50
horse-power balances the magnetic pull on the armature even
when it is slightly out of center. The single-phase motor will
stand some kinds of abuse without experiencing the bad results
which such treatment would bring to direct current motors ; for
instance, the brushes may be grounded or short-circuited without
producing bucking or flashing, and full voltage may be applied
directly to the motor at standstill. Over against these advantages
there is the disadvantage that when stalled the motor cannot be
subjected to a heavy current for so great a time as could a direct
current motor without danger of injury to the preventive leads.
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This is not a matter of great importance, however, as intelligent
operators will not subject their motors to such treatment, whether
they be operating single-phase or direct current equipments.
Construction of Single-phase Xotors. Mechanically the motor
is of the box type. The field is laminated and hold in a solid steel
shell. It is built with inwardly projecting poles, around which
the strap-wound main Feld coils are placed, as in the direct current motor. The pole faces are slotted for the reception of the
neutralizing winding, which resembles in appearance the stator
winding of an induction motor.
The armature is similar to a direct current armature in general construction, and is strap-wound for capacities above 50
horse-power. The regular armature winding is connected to the
commutator bars through the preventive leads, instead of directly, as is the case with direct current motors. The arrangement
of the preventive leads is such that two leads are in circuit with
each short-circuited coil, where a proportionately high resistance
is required to reduce the short-circuit current, and yet only two
leads are in the circuit between adjacent brushes, where a comparatively low resistance is desirable in order to reduce the C2 R loss
due to the working current.
The commutator is similar to the direct current commutator,
but is somewhat larger. To reduce the voltage induced by transformer action upon the short-circuit coils, the armature winding
has a single turn per coil and a larger number of coils per circuit
than a similar direct current motor. Consequently the commutator has a relatively large number of bars. In operation, perfect
commutation is obtained and the commutators take a good polish.
Where sparking has occurred with excessive overloads, or due to
improper adjustment of the brushes, it has been found to be less
destructive than direct current sparking.
The brush holders are of the sliding shunt type, and are supported by babbitted seats on the frame. The use of multiple circuit windings necessitates supplying one set of brushes per pole.
The low voltage used gives comparatively large current, which
necessitates increased brush capacity. The bearings are similar
to those supplied with modern direct current motors, and oil and
waste lubrication has proved altogether satisfactory.
Operation of Single-phase Xotors on Direct Current Circuits.
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The refinements in the design of the series motor, which adapt it
to operation on alternating current, result in making it an improved direct current. Its operation from direct current is,
however, somewhat more severe than for a similar direct current motor, because of the greater insulation strains due to the
fact that the field discharge is more severe with laminated field
poles than with solid field poles. The torque on direct current is
somewhat higher than on alternating current. Equipments which
are to operate on both alternating and direct current may be
arranged to operate on alternating current with the fields in
multiple. This enables a suitable speed for direct current suburban operation, and may be obtained by utilizing full voltage with
the fields in series.
The satisfactory operation of the direct current series motor
has made it possible to use the single-phase system of railway
operation with its attendant advantages.
Three-phase Induction Motor.
The three-phase induction
motor has its greatest use when long distances are run without
stops, as it is generally unfitted for rapid transit service with
frequent stops, owing to the fact that it is a constant speed motor,
its speed dropping only about 15 per cent from no load to full
load. During the period of acceleration, therefore, this type of
motor has the disadvantage of requiring a high speed at all speeds,
a condition which requires a heavier load on the power house as
compared with either the direct current or alternating current
series motor, and for this reason it has been very little used.
While this type of alternating current motor possesses certain
advantages, there has been only one installation of this kind used
in America, but for certain classes of work the three-phase induction motor is well adapted. This type of motor is perfectly
reversible without entailing the addition of auxiliary apparatus
required with the direct current series motor. It can be made to
regenerate on down grades, which constitutes one of the strong
claims presented for this type of equipment for a down grade
service. By this method not only is some of the energy of the
train reclaimed, but this system of control offers a separate means
of holding trains on down grades other than exists from the
present air brake control. The three-phase induction motor being
practically a synchronous motor, there is but a maximum of 10

per cent difference in speed between full load and when running
free. It follows practically the same law as the direct current
shunt motor, without having the advantage of this latter type and
without being able to vary the field intensity. The three-phase induction motor is practically a constant speed motor, its speed
dropping only approximately 12 per cent to maximum at tractive
effort developed during this acceleration period. This type of
motor has the disadvantage of demanding full current up to its
free running speed, and consequently is unfitted for rapid transit
aervice where frequent stops are demanded.
Factors Governing Choice of Electric Motors. In the choice of
an electric motor for a given service, the first determining factor
is the maximum tractive effort required. This must be determined from the examination of the grades, alignment, loads and
schedule of the road. As the same tractive effort may be obtained
with different gear ratios, it is in the choice of this factor that
considerable care is required. Continued overloads will cause the
temperature in the coils to rise to a point where the insulation
chars and finally breaks down. This is a factor that is entirely
absent in steam railroad practice, because if a locomotive will give
the required tractive effort at the required speed it will do its
work. If it is overloaded or even becomes stalled no harm is done,
consequently the selection of a motor which will not overheat is
also an important factor in the choice of a motor.
The motor which best answers these requirements is a series
wound slow speed machine. It is suspended in various ways from
the truck, and is geared to the axle with a single reduction system.
Double trucks have either a two or four motor equipment. The
features of this type of motor are a tractive effort that varies
more or less inversely as the speed, compactness, heavy overload
capacity, and durability and reliability under more adverse conditions. Owing to the great variation in its load under ordinary
conditions, it cannot be rated in horse-power for a given time, but
must be rated by a uniform current and voltage necessary to produce a certain standard temperature rise in a given time over that
of the surrounding air. The diameter of wheels used for this
service is either 36 or 42 inches.
The speed of a series wound motor is always directly proportional to the voltage, proportional to the wheel diameter and in-
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versely proportional to the gear ratio. The tractive effort is
directly proportional to the gear ratio.
Geared and Gearless Motors. Railroad motors which are now
used may vary from the small seven horse-power motors double
geared to trucks to the large 550 horse-power gearless motor which
is used on large 100 ton locomotives. The rearly direct current
series motor was designed with double gearing. This was substituted for the single gearing, which is common practice to-day.
With the electrification, however, of the electric motor to high
ARMATURE AND DRIVING DRILLS. A.C.—D.C. NEW YORK,
NEW HAVEN & HARTFORD RAILROAD
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PLAN AND SECTION OF GE.‘ELESS MOTORS, USED ON THE
NEW YORK CENTRAL LOCOMOTIVE&
speed locomotive service, the gearless motor is the latest make in
direct current series motor design.
The type of motors, as shown in Figs. 14 and 15, known as
the "gearless" or "direct connected," belongs to the class in which
the armature speed and the axle speed are the same. The power
is transmitted either by a parallel rod from a crank on the motor
shaft to a crank on the axle, or the armature is made concentric
with the axle; that is, the axle is practically the armature shaft.
When the armature is concentric with the axle, it is sometimes

SINGLE-PHASE MOTOR AND DRIVING WHEELS, A. C —D. C.
LOCOMOTIVE, NEW YORK, NEW HAVEN &
HARTFORD RAILROAD
(We5tirghoute Electric & Mtg. Co )
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fixed rigidly thereon, or is placed in. a hollow spool or sleeve which
surrounds the axle and drives it by means of a clutch or drag link.
Among the objections to the gearless motor are the following:
First„ it is undesirable to have more dead weight than is necessary
on the axle, owing to the damage to the rail by the shocks produced by rigid masses going over the joints. Second, the shocks
from rigid weight are detrimental to the axle, and the jarring of
the motor, armature and commutators with a rigid construction
causes deterioration of the insulation and rapid wearing of the

bearings. The shocks cause loose parts to shave and cut through

1

4"4'

Fig. 1L
END ELEVATION AND SECTION OF GEARLESS MOTOR.

the insulation. Third, the sleeve construction is complicated and
expensive, as the sleeves must. be made of the best quality of forged
steel. The bearings of the sleeves in the field magnets are difficult to keep cool. The oil from the driving boxes of the locomotive
is thrown on the motors, and is liable to damage the insulation.
In this form of construction, as well as where the armatures are
rigid, the repairs to wheels, axles and motors are difficult to make,
and it is impossible to remove the axles or wheels from the locomotive without removing the -motors also. To rewind the armatures or fields often requires the removal of the axles from the
driving wheels by hydraulic pressure.

ELECTRIC LOCOMOTIVES.

Among the advantages of the geared motor are the following:
With a geared motor the speeds of the armatures and axles are independent. The ratio of the gearing regulates the relative speed,
and the gearing can be changed so that an express locomotive for
high speed can be made suitable for freight work by simply changing gears, without any other change in the machine. The wear on
the gears is small, and, as they are made in halves, they are easily
replaced without removing the wheels or motors from under the
locomotive. The axles and motors being independent, one can be
removed without disturbing the other.
The loss of power where gears are run in oil in gear cases is
not more than three per cent, and it is generally less. The noise
and wear, which were the original objections to the use of gears,
have, by improved tools and materials, been so reduced as to be
unobjectionable. The weight of the geared motors is so much less
as to reduce materially the cost of electric locomotives, while the
efficiency is increased; so that for all ordinary speeds the geared
motor is efficient, light and durable, as well as the simplest in construction and the easiest to maintain.
Electric Motor Tracks. The requirements of an electric locomotive truck are strength, stiffness and simplicity. They must
also possess easy riding qualities, more particularly when the car
upon which they are equipped carries passengers. For passenger
types of cars the floating or swinging bolster types, with trucks
carried on springs, are used, whereas for electric locomotive trucks
rigid bolsters are sometimes used on account of their simplicity.
In the swinging bolster type the bolster is solidly fastened to the
side frame, the spring suspended ear body being sustained by
means of swinging springs placed between the side frames and the
journal boxes. Since this type does not allow for the swaying of
the car body, it is not generally adapted for high speed or track
service.
The swinging bolster truck is the one most generally used for
high speed passenger service. As shown in Fig. 16, the type used
on the Delaware & Hudson Railroad, the swinging bolster construction, comprises a movable bolster traveling in a guide and
mounted upon elliptical springs somewhat similar to the floating
bolster type. It is built with wrought iron frame, channel iron
transoms, cast steel transom gussets, swinging bolsters, and two
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bar equalizers. The swinging bolster is carried on either double
or triple elliptical springs designed to suit variations in load, and
allowing for side thrust of the bolster in operation on short curves.
The coil springs carry the truck on the two bar equalizers. There
are rubbing pieces between the bolster and transom for preventing
the bolster from clamping or tilting in starting and stopping, and
for transmitting the strains on the bolster through the transoms

to the side truck frame. The truck bolsters may be made of wood
or metal, and both the center plate and side bearing plates which
it carries may be ball or roller bearing in order to reduce the
friction and permit the truck to readily operate on the different
track curvatures.
Another type of motor truck which may be used is known as
the floating bolster construction, shown in Fig. 17. It consists of
a bolster mounted upon elliptical springs resting upon the side
frames. The bolster thus has an independent vertical movement
and travels on guides on the side frame. This type of construction
is adapted for locomotive trucks designed for slow speed service.
It., however, does not give as much flexibility as the swinging
bolster type.
Control Apparatus. The purpose of control apparatus is to
supply power from the contact line to the motors as required by
operating conditions, and to do this in a way which is practically
the most economical, the least productive of large mechanical
strains in the equipment and the most comfortable for passengers.
The ideal control takes power from the contact line in proportion
to the work being done by the motors, and the apparatus used for
this purpose is called the controller.
Controller. A controller on an electric locomotive takes the
place of the throttle and the reversing lever on the steam locomotive. It is a device for switching the current in, different ways
through the motors and through the resistances. In starting an
electric locomotive, as in starting a steam locomotive, the direct
current has to be choked or cut down, just as the steam pressure
is choked or cut down by the throttle valve ; that is, the electric
current has to he throttled as well as the steam current. To do
this on an electric locomotive a considerable amount of resistance
is provided in the shape of bands or strips of iron or nickel-steel
arranged as has been described. This resistance is subdivided

Fa.

0

z

a ,—.
6

P4 C.)

1-1

•

`C3

0 0 8 8

PO

,7: •
o 77.

go

0

00
oo

cm 0

& 8 @ 0

•

•
O

E-1
0

0
E-4
0

1312

ELECTRIC LOCOM OTT VES.

ELECTRIC LOCOMOTIVES.

into a considerable number of parts, so that it can be cut down
gradually, just as notches are provided on the throttle-lever quadrant. Instead of the notches, the resistance is provided with contacts over which slide the movable switches which make the electric connection. It is the office of the controller to move these
switches in the proper way. The controller is divided into two
distinct parts, namely, the switches for the resistance and the
switches for the motors. The resistance switches vary the resistance as desired. The switches for the motors change the path of
the current, so that it either divides and passes through the motors
independently, that is, in "multiple," or passes first through one
motor and then the other, until it has passed consecutively through
them all; this is called the "series" condition. The controller
varies the resistances in the circuit and connects the motors either
in series or multiple. The multiple condition is frequently called
the "parallel" condition. From this has arisen the terms "series
multiple" and "series parallel" controller. Controllers are generally provided with a "cutout" switch, which cuts the current out
of all the motors and all the resistances. It is found to save room
if the switches in the controller are placed on a drum, so that as
the drum revolves different combinations are made.
Series Paralleling. The series parallel controller or direct
current series motor is in universal operation when two or more
motors constitute the car equipment. When four motors constitute a locomotive equipment the control is sometimes designed to
start with four motors in series. At one-quarter speed two motors
are run in series and two in parallel, and the half speed on the
motors is thrown in parallel.
Methods of Controlling Induction Motors. There are two
methods of controlling induction motors which are available for
railway service. One method uses variable voltage in the primary
and the other variable induction resistance in the secondary, the
latter being the one most generally used, which absorbs the electromotive force until the speed develops full counter electro-motive
force to make it possible to short-circuit the collector rings at
approximately 10 per cent below synchronous speed. The method
of variable voltage is not used, principally because the induction
is an exceedingly poor power factor during the starting of the
motor, and it produces a considerable heat in the secondary.

Concatenation. As the speed of an induction motor is fixed
by its frequency of supply and not by its voltage, it is not possible
to get two such motors in series in the same manner that direct
current motors are connected. It is possible, however, to connect
the stator winding of motor No. 1 to the right, the rotar winding
of motor No. 1 to the rotar winding of motor No. 2, and shortcircuit the stator winding of motor No. 2. This method is blown
as concatenation. With induction motors so connected stability
is obtained with half speed of the rotors, which acts the same as a
single induction motor having double the number of poles in its
field, and gives the same result to the series windings connected te
the direct current series motors. Concatenation work is feasible only when motors are low frequency, owing to the low
power factor incidental to such a combination. This method,
however, is used with railway motors to provide an efficient. running speed for the low speed requirements in terminal yards.
Electrical Control Systems. When two or more electrical locomotives or trains are operated by means of one controller, some
special method of connecting must be used for this purpose, and
at the same time give each car its individual control system
when desired. The simplest case is of two locomotives which are
connected up with a master control system, the control and operating circuit being identical on each locomotive. Each locomotive
has one or more master controllers, which receive current from the
trolley and supply current to the control circuit only. • In the
control circuit magnets are provided which operate contractors or
switches in the operating circuit. The operating circuit receives
current directly from the trolley through the contractor switches.
These contactor switches are operated by the control circuit, the
same as with the direct series parallel controller.
Westinghouse Multiple Control System. In the Westinghouse
system of multiple train control, compressed air is used for mowing
the current controlling apparatus. Electric magnetic valves
govern the admission of air to the controlling cylinders, and low
voltage ele.etric circuits running from ear to car control the action
of the magnet valves. The connections for the low voltage circuits are the only ones which have to he made between the ears of
the train, no air connections being used, except the ordinary hose
for braking. purposes. The complete equipment for each motor
S4
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car, therefore, consists of one controller with an operating head,
the electric motors, multiple control switches, circuit breakers, connectors and storage batteries. The controller is similar in design
to that which is used on electric street cars. The operating head
consists of an operating head cylinder, a release cylinder, a repeating switch, a limit switch, magnetic valves, and safety
switches. The multiple control switches are placed at each end
of the car, and by means of the one in the front of the train the
motorman or engineer directs the action of the controllers or of
the motor cars in the train. These switches control only the low
voltage battery circuits, which operate the magnetic valves, which
in turn operate the valve drum.
General Electric Type X Control System. In the General Electric control system, known as type M, the control consists of two
parts, the series parallel motor controller, which is composed of a
number of electrically operated switches or contractors and two
multiple controllers, one located at each end of each motor car,
which operate the controlling contactors and reversers. A cable connects each multiple controller with the other multiple controllers
along the entire length of the train. When the multiple controller is
used, all of the motor controllers move in synchronous action with
the multiple controller handle, so that the motorman absolutely
controls at all times the current flowing into all of the motors.
For reversing the motors, the multiple controller is provided with
a special reversing handle, the movement of which directs the reverser end forward or in a reverse position. The multiple controller, the contactors, the reverser, controlled cut-out, switches,
the control cable couplers, the control circuit rheostat and other
auxiliaries are all of special design for use in this heavy power
electrical surfaces.
Westinghouse Single-phase Control Systems. In the Westinghouse single-phase alternating current control system the speed of
the series motor is varied by means of a transformer, which has a
number of taps, the voltage from each being obtained as desired.
Since varying the voltage varies the speed of the motor, it is only
necessary to connect the motor to the proper lead to obtain the
desired speed. With some controllers the motors may be connected
permanently in multiple. In order to obtain a multiple unit control a group of switches is provided, which are operated by air
ALTERNATING CURRENT CONTACTOR
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admitted to the cylinders by means of magnets, and receive the
current from a 50-volt tap on the transformer. The action of the
circuit controlling the valve magnets is regulated by the air supply to the switches of the main control, and is governed by a
multiple controller which is operated by the engineer.
Single-phase Control. Single-phase control provides for the
collection of power at high voltage and its application to the
motors at low voltage. For starting from rest a definite voltage
is required at the motor terminals. To increase speed an increase
in the applied voltage is necessary. By means of the car transformer the voltage may be applied to the motors as required, and
power taken from the line in proportion to the work being done.
This method of control avoids rheostatic losses, and by making the successive increments of voltage sufficiently small an acceleration of any degree of uniformity may be attained. The
choking effect of the apparatus on alternating current makes it
possible to get a very smooth acceleration with few notches on the
controller, usually about one-half of the number required with
direct current equipments.
With single-phase equipments multiple unit control becomes
simpler than for D. C., because it is not necessary to provide for
series parallel connections. Direct current has usually only two,
and at most only three, efficient running speeds, which are fixed
by the line voltage and load and are beyond the motorman's control. Single-phase control may be arranged so that each notch is
an efficient running point, and thus give the motorman more complete control over his ear, and provide for more efficient operation
under varying conditions. A high voltage tap may be provided
for making up lost time or supplying normal voltage to the motor
when the voltage of the contact line is low. This provision is not
possible with direct current.
Changing from High to Low Voltage. The change from high
to low voltage on single-phase systems is accomplished by means
of an auto-transformer on the car, This transformer has a single
winding, one end of which is connected permanently to the ground,
and the other end to the collector through a fuse or circuit breaker.
Speed control of the motor depends upon the voltage control. For
supplying the various voltages, taps are brought out from the transformer winding at points to provide the desired voltages. In ad-
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dition to supplying reduced voltage efficiently to the motors, the
auto-transformer supplies power for the compressor motor and
light circuit and protects the car equipment against lightning and
line disturbances. This, in connection with the lightning protection provided for the contact line, makes it. unnecessary to use
lightning arresters on the cars themselves. On locomotives or car
equipments using forced ventilation air-blast, transformers are
used. Otherwise the transformer is of the oil-insulated selfcooling type.
Preventive Coils on Single-phase Circuits. In order to avoid
opening the entire motor circuit when going from point to point
in the process of starting up the car, and to do so without shortArcuiting part of the transformer winding, preventive coil is
used. This is simply a low resistance coil wound around an iron
core so that the coil is highly inductive. The terminals of this
preventive coil are connected to the several taps of the transformer
winding by means of the controller, and the connection to the
motor terminals is made from the middle point of the preventive
coil. This arrangement avoids any excessive drop in the preventive coil, and at the same time bridges a certain portion of the
transformer winding without short-circuiting the same. The
terminals of the coil are alternately detached from the transformer
taps and connected to higher taps. With the larger equipments
groups of from three to five preventive coils are used.
Unit Switch System of Control. With equipments exceeding
300 horse-power total capacity and for train control, the unit
switch system of control is always used, and is similar to the direct
current unit switch system. The place of the main drum of the
hand controller is taken by the unit switch group, which consists
of a number of individual switches electro-pneumatically operated. Each of these switches is provided with its arcing box and
magnetic blowout. This, together with the quick positive action
of the switch, makes it unnecessary to provide a preventive resistance. The switch group is assembled in a form which is at once
accessible, compact, and well protected.
Secondary Control System. For operating the unit switches
which are in the power circuits, a secondary control system is provided. This consists of a storage battery for supplying current to
the control magnets, and a master controller for making the nec-

essary contacts in the secondary circuit. By means of a system of
interlocks, provision is made for the proper sequence of switches.
Automatic acceleration may be provided for, and thus the amount
of current drawn from the line in starting predetermined and
made independent of the motorman. When automatic acceleration
is used, the motorman chin still operate his car at any of the reduced
voltages obtained in coming up to full voltage by moving the
master controller handle back one point at the proper time, which
prevents further progress of the unit switches.
A small motor-generator set may be provided for charging
the battery with direct current. Aside from the strictly electrical
apparatus required for the unit switch control, it is necessary to
provide a set of air apparatus for supplying compressed air to
the cylinders which operate the main control apparatus. This set
of air apparatus comprises an auxiliary reservoir, check valve, reducing valves, cocks, etc.
Sprague General Electric Multiple Unit Control for Alternating
and Direct Current Operation. With this method of control, both
single cars and trains equipped with single-phase motors, when
operating on lines supplied wholly with alternating current, or
with alternating current on one portion of the line and direct current on the other, may be operated. The system provides for the
control of motor cars when operated singly or in trains of several
cars, being adapted to either single cars of a capacity too great for
a cylinder controller, or to all types of cars which may possibly
be operated in a train.
The circuits are arranged in such a manner that when a
number of ears are coupled together the motors may all be operated collectively and simultaneously from either end of any car.
The cars composing the train may be coupled in any desired relation with each other, and every motor will at all times perform its
equal share of the work.
The multiple-unit system may conveniently be divided into
two parts, the first consisting of a motor controller, composed of a
number of electrically operated switches called "contactors," which
take the place of the ordinary cylinder controller, and may be considered as a more refined development of such, designed to handle
currents of too large a magnitude to be dealt. with by the ordinary
controller. This apparatus is usually installed underneath the car.
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The second part comprises a "master controller," the function of which is to operate the contactors, and a multiple cable,
which extends the length of the train, and is provided with
couplers between cars.
The train line apparatus, such as connection boxes, couplers,
cut-out switches and cables, are identical with those used for direct
current. operation.
To adapt such a system for both alternating and direct current operation, changes are made in the circuits of the contactor
coils when the car passes from an alternating to a direct current
section, and vice versa; the motor fields are also connected in
series for direct current operation, and in parallel for alternating
current. These changes are made as the car passes the short dead
section separating the alternating and direct current portions of the
trolley line, and at the same time either the resistance or compensator leads are put in circuit, as required.
For alternating current operation "potential control" is used;
that is, acceleration is obtained by increasing the potential at the
motor terminals by connecting compensator taps of successively
increasing voltage to the motors in proper sequence, corresponding
to the resistance steps of the direct-current equipment.
When the cars are to run on both alternating and direct current lines, a special switch is supplied to make all the necessary
changes in the circuits, and suitable east grid rheostats are provided for giving the desired direct current acceleration, which is
obtained by cutting out resistance from the motor circuit step by
step in an exactly similar manner to that employed on ordinary
direct current equipments.
The apparatus for each alternating-direct current ear equipment consists essentially of: master controllers, train cable and
couplers, contactors and box, compensator, set of rheostats, commutating switch, trolleys, motor cut-out switches and the necessary
protecting devices.
The master controller is of the standard type, being similar
to the direct current master controller. It is considerably smaller
than the ordinary street. car controller, but is similar in appearance
and operation. It is furnished with an automatic release, which
cuts off the current from the entire train should the motorman remove his hand from the handle.

DIRECT CURRENT
FUSE BOX
Details o: Sprague General Electric Multiple Unit Control
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The function of the master controller is to take care of the
control circuit only, and therefore it only deals with the current
which energizes the coils of the contactors. It is never called
upon to handl- heavy currents, all the apparatus dealing with
heavy current on high voltages being placed either under the car
or in a specially protected compartment.
As previously stated, the multiple-unit system is a more refined development of the ordinary controller, adapted to deal with
heavier currents; and each individual contactor may be considered as a segment and contact finger provided with its own
magnetic blow-out.
The function of the contactors is, when energized by the
master controller, to change the electrical connections in such a
manner as to establish the desired motor connections for accelerating, running and reversing. Each contactor consists of an electrically operated switch, depending on a solenoid for its action.
The magnetic circuit is composed of laminated iron. Each
contactor is provided with a moulded insulation arc chute and
powerful magnetic blow-out similar to the standard direct current
contactors.
The contactor box has an iron frame work and sheet iron
cover. The box is designed for use in conjunction with brass conduits, having suitable entrances for the main cables and a connection box for the control cable. No reversing switch is necessary,
as some of the contactors are used for this purpose.
The compensator, which reduces the trolley potential to the
proper voltage required for the motor, is of the oil-cooled type,
suitably designed for suspending underneath the car body. It
consists of a specially designed transformer structure entirely enclosed in a corrugated iron casing. The end castings are provided
with stuffing boxes to prevent any leakage of oil where the taps
enter. The coils of the compensators are specially well insulated
to withstand the vibration to which such equipments are necessarily subjected. Taps giving various voltages are provided for
controlling the speed of the motors.
The rheostats are of the cast grid type, and are similar
in all respects to those used on the ordinary street car equipments.
The commutating switch is used to make all the necessary
changes in the circuits, when the car passes from an alternating to
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a direct current section of the line, or vice versa. All such
changes are accomplished by one operation.
The current may be collected by means of standard trolley
wheels, poles and bases applicable for high speeds, or, when desired, a sliding or rolling contact collector of the pantograph or
bow type, such as has been used in Germany for many years, may
be employed. Insulation from the roof of the car is obtained by
specially treated hard wood planking mounted on high-tension insulators.
The oil switch in the high-tension circuit is electrically operated and held closed by a coil energized from a small auxiliary
transformer. This switch is protected by an expulsion fuse. The
main direct current switch has the same characteristics as the oil
switch, but is energized directly from trolley. It is insulated for
the alternating current line voltage, and is protected by a copper
ribbon fuse with magnetic blow-out. A single fuse of the magnetic blow-out copper ribbon type is used for protecting the motor
circuit when operating either on alternating or direct current.
Roth the alternating and direct current circuits are protected by
suitable lightning arresters.
A cut-out switch is used in connection with each pair of
motors to disconnect a disabled motor when any car is operating
individually as a single unit. As all the leads from each pair of
motors run through their own cut-out switch, this is accomplished
by simply turning the handle of the -switch to the proper position.
The train line consists of a cable composed of ten conductors,
and runs through the entire train, the connections being made between the individual cars by means of suitable couplers. The
master controller is connected to this train line at the connection
boxes on each ear, from which a multiple cable is run through the
control cut-out switch to the operating coils of the contactors.
The circuits for the air compressor motor and those governing the lighting and heating of the 'car are all protected by enclosed switches and fuses.
The air compressor motor is of the alternating direct current
compensated type; its exciting fields are connected in parallel for
alternating current and in series for direct current operation. The
necessary changes in connections are made through the medium of
the commutating switch already described. The air pressure is

regulated by a standard General Electric air compressor governor.
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The arrangements of the motor connections are dependent upon
the service conditions required. The usual arrangement for both
alternating and direct current operation is with all the motors on
the car connected in series, which permits of the use of fewer
pieces of controlling apparatus and of less current carrying
capacity than would be necessary if the motors were connected in
parallel.
During the alternating current operation the car is controlled
as follows:
On the first point of the master controller the motors are connected to a compensator tap giving approximately half voltage.
After this point acceleration is obtained by cutting in more secdons of the compensator winding, until on the last tap the motors
are connected to the full working voltage tap. A small section of
cast grid rheostat is cut into the circuit during the instant of
changing the motor connection from each compensator tap to the
succeeding tap. This permits of an uninterrupted current supply
to the motors without short-circuiting the various sections of the
compensator winding. There are five steps on the master controller for alternating current operation, each constituting a running point, and seven steps for direct current operation.
The change from alternating to direct current operation is
accomplished at a dead section in the trolley wire. At the instant
the car enters this dead section whichever main switch is closed
will open, owing to the fact that the circuit energizing its retaining coil is broken. The car can run over this dead section at full
speed, and all that the motorman has to do to obtain the proper
connections is to throw the commutating switch and close the main
alternating current switch, as the case may be.
Current Collectors. For collecting the current from an overhead wire, either the wheel, roller or sliding bow collector is used.
Which arrangement is used depends upon the size of the equipment
and the conditions under which it operates.
Wheel Trolleys. When a trolley wheel is used it generally
consists of a grooved wheel ranging from 4 to 6 inches in diameter,
depending upon the service and low or high speed. Wheels are
connected upon self-lubricating bearings. The current capacity
of the trolley is determined by its speed and the pressure of con-
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tact of both the wire and wheel. The higher the speed the greater
the pressure necessary to maintain contact without arcing. Generally speaking, it may be said that if a wire has a current carrying capacity of 1,000 amperes when at rest, it will have only
about 500 amperes when running at 30 miles per hour, and 200
amperes when running at 60 miles an hour when the pressure
between the trolley and trolley wires varies between 20 and 40
pounds.
As regards its current collecting capacity, the limitation is
not so much the difficulty of collecting large currents, but in the
life of the wheel. With the cars of medium size, at moderate
speed, an upward pressure of 15 or 20 pounds against the trolley
wire is sufficient, and the life of the wheel is frequently 10,000
miles or over. At car speeds of 50 to 60 miles an hour an upward
pressure of 35 or 40 pounds appears necessary to insure the wheel
maintaining close contact with the wire over the irregularities of
the suspension. This greater pressure, coupled with the larger
amount of current commonly taken at such speeds, results in the
rapid wearing of the trolley wheels, which is more especially
noticeable on account of the large daily car mileage common to
high-speed service.
The limit of voltage for wheel trolleys has not yet been determined, but they have been used successfully on lines which have
a voltage as high as 3,200 volts. When such trolleys are used with
the single-phase system they are mounted on insulated bases because of the comparatively high voltage.
Roller Trolleys. Trolley wires are sometimes replaced with
rollers when it is impossible to use a reversible collecting construction, or where the trolley voltage is so high as to make it desirable
that all control of the trolley device shall be automatic, and not by
means of a cord. Rolling contacts of this kind generally consist
of a brass roller about 4 inches in diameter and 2 feet long. Such
construction, however, is very heavy, and is only adapted to lowspeed operation.
Sliding Bow Trolleys. For high speeds a sliding contact for
current collection is generally employed. For alternating current operation the third rail and its sliding shoes are out of the
question, except in very special cases, because single-phase operation almost invariably implies high voltage on the contact line,

PANTAGRAPH TROLLEY, AAISED

PANTAGRAPH TROLLEY, LOWERED
(Westinghouse Electric & Mfg. Co.)
-
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which is not compatible with a third rail installation. To collect
current from an overhead trolley line the bow and pantagraph
trolleys are equally successful. The form of these trolleys is such
that they will not leave the wire. Distribution of wear over the
surfaces of the contact plate is effected by staggering the trolley
wire. The contact plate is located in the center of the trolley, and
is removable, so that it may be easily renewed. Results which
have been obtained show that the sliding contacts wear at least as
well as wheels for average service having a life of about 5,000
miles. Friction between the trolley and wire is reduced by the
use of a lubricant placed in two longitudinal grooves in the contact surface of the bow. The wear on the trolley wire is inappreciable. With a sliding collector the car's direction of motion
may be reversed without making any changes in the position of
the trolley. The bow and pantagraph trolleys are not capable of
collecting as heavy currents as wheel trolleys ; but this cannot be
classed as a disadvantage, because with high voltage the current
to be collected is comparatively small, and so great a collecting
capacity is not. needed as with direct current. The use of such a
trolley also removes one of the great objections to overhead work
in yards and terminals.
Trolley Wires. Trolley wires generally have a cross section
equal to No. 000, or No. 0000, Brown & Sharpe gauge, and are
made and used in three sections—round, grooved and figure 8.
For high speeds the round wire is objectionable because it is difficult to secure it to the hanger without forming protection on the
wire, which tends to throw the current collector off. The figure 8
wire, although it affords an easy means of fastening and leaves a
clean surface for the trolley, has the objection of being difficult.
to handle during installation. The grooved trolley wire is considerably used in high-speed service, and consists of a round wire
grooved on opposite sides sufficiently deep to permit the clamp to
grip it without destroying the even surface for the trolley.
Trolley Construction. The trolley, which is generally placed
about 20 feet above the track, may be supported in three ways—by
a span construction, by a bracket construction, or by the catenary
construction. The span construction consists of placing poles on
either side of the track, connected by a cable, from which is suspended the trolley conductor. The trolley may be hung directly

1324

ELECTRIC LOCOMOTIVES.

from the span by means of an insulated hanger, or it may be suspended from a galvanized steel wire, which is in turn supported
by the span wire. The bracket construction consists of self-supporting poles having a protecting arm or bracket suspended over
the track and running to the trolley wire either direct or by means
of a cable. The pole is generally of wood, and should be anchored
to the support of the overhung trolley. The trolley is not generally attached directly to the trolley arm or bracket, but to a flexible cable, so as to cushion the operation of the trolley wheels as it
passes over it.
Catenary Construction. These ordinary methods of trolley
wire suspension and insulation are not well adapted for high
potential alternating trolley lines, and what is known as a catenary
suspension of the trolley wire is more generally used. In the
catenary suspension the supporting cable or catenary is carried
over the top of high potential insulators at the point of support,
and the trolley wire is attached by clips and hangers directly to
the catenary without intervening insulation. The catenary thus
serves as a supplemental conductor to the trolley wire, and it may
be either steel or copper. As the trolley wire is supported at frequent intervals, the poles for the catenary can be spaced at longer
distances than common with the ordinary type of trolley construct ion.
The chief requirement of the trolley line is that it shall be
mechanically reliable, and this is a good requirement for direct
current as well as single-phase, often justifying the extra cost of
catenary construction, without taking into consideration the question of high voltage.
A typical catenary trolley construction which is being used
consists of a NO grooved trolley wire supported from a 7-16
standard steel messenger cable by rigid hangers spaced at intervals of ten feet. The messenger cable is permitted to sag, and
several lengths of hangers are used, so that the trolley wire is
maintained in a position parallel to the track. This construction
is very rigid, permits of but small motion, gives a great degree of
safety, and facilitates current collection, especially at. high speed.
The messenger wire is supported by clamps around insulators
cemented to malleable iron sleeves, which are slipped over the
bracket arms. Where wheel trolleys are used the insulators are

DOUBLE CATENARY LINE CONSTRUCTION ON FOUR TRACKS
OF THE N. Y., N. H. & H. R. R.
(Westinghouse Electric & Mfg. Co.)
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protected against damage due to the trolley leaving the wire by
stirrups on either side. These stirrups pass under the messenger
wire, and thus serve to catch the messenger wire and prevent its
falling to the ground in case it becomes detached from the supporting clamp. Lightning arresters are located at intervals along the
line, and section breaks are usually inserted in the trolley immediately in front of the feeding points.
For single track roads side bracket construction is found satisfactory. Where it is necessary or desirable to use cross-span
construction the span wire takes the form of a catenary, with the
horizontal wire above and the sagging wire below. The latter takes
all the strain. In this case the insulators are placed next to the
poles. Such a construction is suitable for double track roads also.
On new double track roads, where the track centers may be spaced
to give the proper clearances, center pole construction is good
practice.
For steam road electrification, where there is extra heavy
service with a large number of tracks to he electrified, a form of
double catenary and latticed steel bridge supports is used. In
this case two messenger wires are used for each trolley, the three
wires being connected together by rigid triangles instead of single
hangers.
Where steam trains are to be operated under an electrified
section of road, the trolley wire should be at least 22 feet above
the top of the rails. This height gives four feet clearance to a sixfoot man on the top of a 12-foot. car. Ordinarily the cars should
be protected against danger from falling trolley wire by a grounded
metal covering on the roof, sheet copper being preferable for this
purpose. In Europe this protection takes the form of grounded
metal guards spanning the roof at intervals.
Third Rail. When direct current is used as a motive power
for heavy traction purposes, the third rail is the favorite method
of distributing power to the car. As generally used, the rail is
made of steel of the same composition as the track, but in some
cases rails of special composition containing very small quantities
of manganese are used. The rails are supported upon either standard or specially constructed insulators spaced about every 10 feet
and supported by the ties. The third rails are joined together
loosely by fish plates, are bonded, and are anchored at certain in-
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tervals to prevent creepage. The contact resistance of the fish
plates is so great as to amount to a practically open circuit, hence
the need of a bonding joint of good conductivity.
Third rail construction, as generally used, may be divided
into two classes: that having over-running contact and that having under-running contact. Over-running contact third rails are
in more general use. The principal objections to the over-running
third rails are due to the fact that a rail of this kind, being exposed, is dangerous, and considerable trouble is encountered from
sleet. These objections have been overcome in some constructions
of this type by protecting the third rail by means of a wooden or
metal shield, which protects it from snow and sleet or accidental
contact. A protection embodying these features, when used with
an over-running third rail, is shown in Fig. 18.

locomotives, the hoppers on the large steel coal cars and keeping
within the bridge abutments and tunnels, the location is generally
a case of compromise. The average distance from the track
gauge line to the center of the third rail varies from 20 inches to
'28 inches, and the height above the track varies from 14 to 11
inches.
Jumpers are used to connect the third rail at crossings, al.d
consist of copper cables bonded to the rail and extending through
underground circuits. Junipers for this purpose are generally
heavily insulated and are lead-covered.
Insulators for the third rail generally consist either of
wooden blocks, reconstructed granite, or porcelain. These insulators are held in chairs fastened to the tics and forming a loose
support for the third rail. There is no solid fastening between the
third rail and its insulating support, on account of the change in
length of the third rail due to the changes in temperature.
Jumpers must also be made of cadent length to allow for this
creepage.
While it might seem that the constant voltage between the
shoe and the rail would cause considerable wear upon the third rail,
this has not been found to be a very serious matter in practice, as
tests have shown that a very soft rail will wear quite slowly. The
principal care in maintaining a third rail in good condition is to
keep the bonding alignment and insulators in proper condition.
Third Bail Shoes. Third rail shoes are made in two general
types, those which are actuated by gravity and those which are
actuated by means of springs. With the unprotected over-running
third rail system the gravity shoe is in general use, but for the
under-running type, or where rails are protected, it becomes necessary to use a form of shoe which is actuated by springs which
give the necessary pressure. The current capacity of a third rail
shoe is quite high, owing to its large surface, which also gives a
east iron shoe a considerable life, as high as from 30,000 to 40,000
miles.
Third Rail Bonds. There are a number of different methods
of bonding third rails used so as to increase their conductivity,
among which may he mentioned the expanded method, soldered
method, cast welding method, and the electric welding method.
Of these methods the soldered bond and expanded bond are the

Fig. 18.
DM AND SIDE ELEVATION OF PROTECTED THIRD RAIL,
SHOWING CONTACT SHOE.

In the under-running contact system the rail is supported
upon curved brackets, and the contact is made on the bottom side
of the rail rather than on the top side. Under-running third rails
of the protected type offer some advantages over the over-running
type, especially in regard to better protection against accident and
against sleet and snow. The contact surface, being on the under
side, is self-cleaning, and this type has been run successfully
through heavy snows which have completely covered the third rail.
The location of the third rail, with reference to the track,
owing to local conditions, has been different in nearly every installation. Between clearing the low pressure cylinders of compound
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moat used. The soldered bond consists of a copper conductor,
which is soldered, brazed or welded to the head of the rail on the
outside or to the flange of the rail. The expanded bond is one in
which the copper wire is expanded through a bole in the web or
flange. The cast weld bond is made by pouring metal in a mould
surrounding the rail joint, which has first been thoroughly cleaned,
on as to make good contact. When electric welding is used, steel
...traps are fastened to each rail, which gives a continuous circuit.

1. Headlight.
2. Train Line Receptacles.
S. Instrument Board.
4. Speed Indicator Meter.
6. D. C. Ammeter Motors.
S. A. C. Ammeter Motor..
7. Temperature Indicator Meter.
8. Equalising Reservoir Air Brake.
9. No. 1 Master Controller.
10. No. 1 Automatic Motorman's Brake
Valve.
II. No. I Independent Brake Valve.
12. Dup,x Gage Main Reservoir and
Train Line.
13. Whets Handle.
14. Straight Ai sbrake Gage.
16. Three
SnappSwitch in Light
Circuit.
18. No. 1 Junction Box.
10 Motorman's Seat
0i C.
It it. 9
20. Overload Trip.
21. Oil Tank on Circuit-breaker.
St Insulators for Pantogvaph Trolley.
24.

TtriritTriog■‘gl,17P41:YA.C.Trolley..

25. A. C. Trolley Shoe.
26. A. C. Trolley Lock Cylinder.
27. Steam-heating Boiler.
28. Gage-A, Pleasure on Burner.
29. Water Gaga.
SO. Drain Cup.
31. Try Cock.
32. Fire Door.
33. Burner.
34. Gold Car Co. Regulating Valve.
35. Steam
Mason Regulating Valve.
LIM from Boiler.
36.
Inlet to Fire-box.
37.
38. Water Feed Berl/dor.
99. Bend Brake Wheel.
0. Staain Gage.
1. Safety Valve.
43. Stack for Boiler.
43. II. T. Conduit from Oil Switch to
Transformer.
44. Switch Group No. I.
45. Switch Group N0 2.
46. Switch Group No. S.
47. Switch Group No. 4.
48. Swish Group No. 5.
40. Switch Group No. 6.
60. Motor Generator Set for Battery
Charging.
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61. Base for Motor Generator Se.
62. Storage Battery.
63. No. 2 Set of Resistance Grids.
A.
afe . f‘o!
l rt.rt
56. D. C. Trolley.
5. A. C. Pantograph Trolley.
e. Preventive Poif,100 volts 250 amnesia
se. r,,,,,eanee c.a,so 5.0,500 amperes.
60. No. 2 Transforme.
61. Main D. C. Switch.
62. No. 2 Blower Motor Fan Casing.
63. No. 2 BlowerMotor.
W. Permanent D. C. Field Shooting
Grid Ns 2.
65. IIavA it Pump for Unlocking A. C.
Trolley.
66. No. 2 Air Compressor.
67. No. 2 A, Compressor Motor.
OS. Magnet Vetoes
Mb Co. 2 Fuse Box.
70. Canopy Switch for No. 4 Blower
Motor.
7L Canopy 150000 for No.9 Compressor
Motor.
No. 2 Motor Control Cutout.
73. No. 2 A. C. D. C. Change-over
Switch.
74. Relay Box.
75. Snap Switch for Cab Lights
76. BnaPP Switch for 0 Light, 0.
T. Bwigh Light, Circuit.
78. Control Reservoir.
79. Cover for Resistance Grid.
SO. Oil Tank.
81, Slide Valve Reducing Valve.
8. No. 2 Junction Box.
83. Signal Valve.
64. Band Box.
85. Electragmeumatic Sander.
86. Coupler.
87. How Couplings.
8. Pilot.
W. Main Air Reservoir.
0,017
90, hack for
Chains.
90-A. Cable connecting A. C. Trolleys.
90E. No. 2 MasterController.
20-C. No. 2 Automatic Brake Valve.
91. Third-rail Shoe Beams.
91. Third-rail Shoe Bracket
90. Journal Box.
94. Trock Frames
tor.
95. Mamie, for Bred
96. Motor Suspension Spring.
97. Spring /ranger.

98. Elliptical Springs.
09. Wheel Pocket Cover.
100. Main Driving Wheel.
101. Third-rail Shoe Cylinder.
102. Third-rail Shoe Fuse Box.
103. Main Casting for Third-mil Shoe.
104. Third-rail Shoe.
105. Bell.
100 A. C., D. C. Change-over Switch
Heater Circuit.
107. Fuse Box Heater Circuit
108. Owasso, Valve for Emergency Control Reservoir.
109. Three-way Cock Emergency Control
Reservoir.
110. Emergency Control Reservoir.
III. Slide Valve Reducing Valve.
112. Balancing Transformer (back of S. T.
and D. T. Switches).
013. Combined Strainer and Drain Cup.
114. D. T. Switch No. I Heater Circuit.
115. S. T. Switch Heater Circuit.
116. No. 1. Set Resistance Grids
117. No. 1 Transformer.
118. Whistle.
110. Governor-Air Brake.
120. Distributing Valve.
131. I, 1 Blower Motor Fan Casing.
122. No. 1 Blower Motor,
123. No. I Air Compressor.
124. No, 1 Air Compressor Motor.
125. Permanent D. C. Field Shunting Grid
No. 1.
126. Na. 1 Fuse Box.
127. Canopy Smitels for No. 1 Blower Ids
tor.
128. Canopy Switch for No. I Compremor
Motor.
120. No. 1 Motoreontrol Cutout.
130 No.1 A. C. D. C. Changeover Switch.
131. Water Tank.
139. Air Connection to Mobre.
133. Motor leads for No. I and No. 2
Motors.
134. Axle of Main Driving Wheels.
135. Upper Torque Rod.
136. Center Pin.
130 Lower Torque Rod (long).
138. Trap Doors Over Motors.
130. Fleeter Circuit Leada.
140. Air-brake
141. Motor Armature.
145 Motor Field Frame.
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143. No. 1 Oil Circuit Breaker.
144. Bus Line Socket Heater Circuit, No. 2
End.
145. Bus Line Socket Heater Circuit, No. I
Nod.
146. Quill.
147. Tool Box.

Bum per

Cradle.
106 '1. rlerrirMg.
162. Brakewhoe.
153. Steam-heating Line.
154. Equaliser Bas
155. Series Transformer for A. H Ammeter
No. 3 sod No. 4 Motors.
156. Preventive Coil, 100 Volta, 250 Am127. F=SrA
unOng' iltitice 10* of
No.58).
158. Series Transformer for A. C. Ammeter, No. 1 end No. Motors.
Armature
Spider.
159.
160. Air Inlet to Transformer.
161. Al, Inlet Resnce Grids
102. Third-rail Shoe Leads.
163. Gage-cot.. Line Pressure.
166.
167.
168.
160.

t!T;t
rteiim'ett.r''''''' .
Blind Lights.

D. P., D. T. Switch for Battery.
D. P.., D. T. Switch for Battery.
8. P., S. T. Switch for Motor-geoerm
r Set.
170. Snap Switch for Motor Generator Set.
171. Insulators Supporting A. C. Trolley
Cable.
172. Shunt for D. C. Ammeter Mobil, Na
I and No. 2.
173. Lower Torque Rod (Wort).
174. Motor Suspension Hanger.
173. Steam-hose Coupling.
176. Brake Cylinder.
177. Foot Push-button Switches
178. Air Conduit.
170. Shunt for D. C. Ammeter Motors No.
S and No. 4.
ISO. Motor Leads for No. 3 and No. 4
181. DVI317vitch No. 2 Heater Circuit
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REVIEW QUESTIONS.

ELECTRIC LOCOMOTIVES AND ELECTRIC RAILROADING.
1. Give the principal fundamental differences in power con:Mims between the steam and electric systems of railroading.
2. What are the principal advantages derived from the electrification of steam roads ?
3. How does the cost of electric locomotive maintenance compare with steam locomotive maintenance ?
4. Name some of the difficulties encountered when changing
a steam road to an electric one.
5. What has been the most detrimental influence which has
prevented the extensive spread of the electrification of steam
trunk lines ?
6. Name five different types of electrification systems
which may be used.
7. Describe briefly the general operation of the direct current system.
8. Describe the general method of transmitting the power
from the power house to the cars when the alternating-direct current system is used.
9. Name some of the principal pieces of apparatus required
in an alternating direct current sub-station.
10. What are the advantages of an alternating current substation over an alternating-direct current sub-station ?
11. Name three methods which may be used for starting synchronous converters in sub-stations.
85
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12. -What is a synchronous converter, and bow does it
operate?
13. Describe briefly i he general scheme of electrification used
on the West Jersey & Seashore Railroad.
14. Describe the general arrangement of apparatus used in
the power house of an alternating direct current system.
15. What is the general scheme of electrification used on the
Long Island Railroad ?
16. Give the general scheme of electrification used on the
New York, New Haven & Hartford Railroad.
17. What are the advantages and disadvantages of the single
phase system over the direct current system?
18. For what particular work is the single-phase system best
adapted ?
19. When single-phase systems are used, what is the frequency generally adopted ?
20. What are the particular features of a single-phase transformer sub-station ?
21. Give the general scheme of electrification used on a singlephase system.
22. What are the advantages and disadvantages of the threephase system as compared with the single-phase system?
23. How are the power houses generally equipped when
single-phase current is used on the cars or locomotives ?
24. For what purpose were electric locomotives first used ?
25. Describe briefly the Baltimore & Ohio electric locomotive.
26. Describe the general characteristics of the New York
Central electric locomotive.
27. Compare the steam and electric locomotives from a general point of view, and give all the advantages and disadvantages
of each which you can think of.
28. In a general way, how does the acceleration of an electric locomotive compare with the steam locomotive?
29. How does the rating of an electric locomotive differ from
that of a steam locomotive?
30. Give three different types of motors available for railway service.

31. Give several masons why the 6CriCS motor is best adapted
for railway work.
32. How does the single-phase motor differ from the series
direct current motor ?
33. What are the advantages and disadvantages of the singlephase motor as compared with a direct current motor ?
34. Explain how single-phase motors operate on direct current eircu ts.
35. -Upon what kind of roads would a three-phase induction
motor be available, and when would it not he available?
36. What are the requirements which chiefly govern the
choice of electric motors ?
37. What is the difference between a geared and a gearless
motor ?
38. Explain the principal objections to a gearless motor.
39. What are the advantages of the geared motor ?
40. Name two different types of trucks adapted for electric cars.
41. How is the speed of an electric locomotive controlled
42. What is meant by concatenation .?
43. Describe briefly the Westinghouse multiple COILtr,)]
system.
44. Explain why single-phase control is more advantageous
than direct current motors.
45. Explain how the change from high to low voltage is made
on alternating direct current systems.
46. Of what value are preventive coils on single-phase
systems ?
47. Describe in detail the Sprague General Electric multiple
unit control which is used so extensively in electric locomotive
practice.
48. Name three ways by means of which the current may be
collected from an overhead controller.
49. What are the advantages and disadvantages of the wiled
trolley ?
50. Why is the sliding how trolley generally used for high
speed service?
51. Describe a catenary suspension of the trolley wire.
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52. What are the advantages and disadvantages of the third
rail over trolley wheels ?
53. Explain two different kinds of third rail shoes which are
used for collecting current from the third rail.
54. What are the advantages and disadvantages of the overr ► nning type of third rail?
55. Why is it necessary to bond the third rail ?
56. What is the advantage of a grooved trolley wire over a
round trolley wire?
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Definitions.
Block. A length of track of defined limits, the use of which
by trains is controlled by block signals.
Block Station.
A place from which block signals are
operated.
Block Signal. A -fixed signal controlling the use of a block.
Home Block Signal. A fixed signal at the entrance of a block
to control trains in entering and using said block.
Distant Block Signal. A fixed signal used in connection with
a home block signal to regulate the approach thereto.
Advance Block Signal. A fixed signal used in connection with
home block signal to sub-divide the block in advance.
Block System. A series of consecutive blocks.
Telegraph Block System. A block system in which the signals
:re operated manually upon information by telegraph.
Controlled Manual Block System. A block system in which the
..signals are operated manually, and so constructed as to require the
co-operation of the sig-nalmen at both ends of the block to display
a clear signal.
Automatic Block System. A block system in which the signals
are operated by electric, pneumatic or other agency actuated by a
train, or by certain conditions affecting the use of a block.
1333

1334

BLOCH SIG N AT, RULES.

BLOCK SIGNAL RULES.

1. RULES.
Home Signals.
Bignal

Occasion for Irso

Indication

Name

Color

The signal will be
displayed when

For enginemen
and trainmen

As used in

(a) red
(b) —
(a) —

Block is not clear
Block is clear
Block is not clear

Stop
Proceed
Proceed with
caution

Stop signal

rules

Clear signal
Caution signal

Where the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
Horizontal as the equivalent of (a).
Vertical or Diagonal (Angle above or below the horizontal)
as equivalent of (b).
Diagonal (Angle above or below the horizontal) as the equivalent of (c).
2. Block signals control the use of the blocks, but, unless
otherwise provided, do not affect the movements of trains under
the time table or train rules; nor dispense with the use or the observance of other signals whenever and wherever they may be required.
SIGNALMEN.

3. The normal indication of Home Block Signals is Stop.
4. Signals must be operated carefully and with a uniform
movement. If a signal fails to work properly, its operation must
be discontinued and the signal secured so as to give the normal indication until repaired.
5. Signalmen must observe, as far as practicable, whether
the indication of the signals corresponds with the position of the
levers.
6. Signalmen must not make nor permit any unauthorized
alterations or additions to the apparatus.
7. A block record must be kept at each block station. (The
different times to he entered on the block record have not been
prescribed in this rule, but it has been left to each road to corn-
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plete the rule by adding such items as may be necessary to meet
the conditions governing its traffic.)
8. The prescribed telegraph signals are as follows:
1. Display Stop-signal. Answer by S D or 5.
2. Block clear. Answer by 13.
3. Block wanted. Answer by 2 or 5.
4. Train I s entered block Answer by 13.
5. Block is not clear.
7. Train following.
8. Opening block station. Answer by Nos. of trains
in the extended block, with time each train entered the block.
9. Closing block station. Answer by "13 - after receiving transfer of records of trains which are in
the extended block.
13. I understand.
71. Train following display Stop-signal. Answer by S D.
9. (a). To admit a train to a block the signal, is clear, will
give "1 for " to the next block station in advance. The
signalman receiving this signal, if the block is clear, must display
the Stop-signal to opposing trains, and reply "S D for
. 39
If the block is not clear, he must reply "5 of
." The signalman at the entrance of the block must then display the proper
signal indication of the train to be admitted. This rule is for
absolute block for following and opposing movements on the same
track.
A train must not be admitted to a block unless it is clear, except as provided in Rule 23, or by special order.
9. (b). To admit a train to a block the signalman must examine the block record, and if the block is clear, will give
"1 for " to the next block station in advance. The signalman receiving this signal, if the block is clear, must display the
Stop-signal to opposing trains and reply "S D for
." If
the block is not clear, he must reply "5 of
." The signalman at the entrance of the block must then display the proper signal indication to the train to be admitted.
A train must not be admitted to a block which is occupied by
train, except as provided in Rule 23, or by special
order,
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To permit a train to follow a freight train into a block, the
signalman must give "71 for " to the next block station in
advance, to which the reply "5 of for " must be
made. The approaching train will then be admitted to the block
under caution signal or with caution card. This rule is for absolute block for opposing movements and permissive block for following movements on the same track.
10. (a). To admit a train to a block the signalman must
examine the block record, and, if the block is clear, will display
the proper signal indication to the train to be admitted, reporting
its movement as per Rule 11.
A train must not be admitted to a block unless it is clear,
except as provided in Rule 23. or by special order.
10. (b). To admit a train to a block the signalman must
examine the block record, and if the block is clear will display
the proper signal indication to the train to be admitted, reporting
its movement as per Rule 11.
A train must not be admitted to a block which is occupied
by a passenger train, except as provided in Rule 23 or by special
order.
A train may be permitted to follow a freight train into a
block under caution-signal or with a caution card. This rule is
for permissive block for following movements only. Where it is
desired that train dispatchers shall control the display of block
signals, roads may modify Rules 9 (a), 9 (b), 10 (a) and 10 (b)
so as to provide for such practice.
11. When a train enters a block the signalman must give
" and the time to the next block station in advance,
"4
and when the train has passed the home block signal and the signalman has seen the markers, he must display the Stop-signal, and
when the rear of the train has passed
feet beyond the home
block signal he must give "2 of
" and the time to the next
block station in the rear. This information must be entered on
the block records.
12. Unless otherwise provided, signalmen must not give
"1" or "3" until they have received "4" from the block station in
the rear.
13. Signalmen must observe all passing trains and note
whether they are complete and in order, and the markers properly

displayed. Should there be any indication of conditions endangering the train, or a train on another track, the signalman must
notify the signalman at the next block station in advance. A signalman having received this notice must display Stop-signals in
both directions and answer "S D." Should a train going in the
opposite direction be stopped, it may be permitted to proceed when
it is known that the track on which it is running is not obstructed.
14. Should a train pass a block station without markers, the
signalman must notify the signalman at the next block station in
each direction, and must not report that train clear of the block
until he has ascertained that the train is complete.
I& Should a train pass a block station in two or more parts,
the signalman must notify the signalman at the next block station
in advance. A signalman having received this notice must stop
any train running in the opposite direction. The Stop-signal must
not be displayed to the engineman of the divided train if the block
in advance is dear, but the Train-parted signal must be given.
Should a train going in the opposite direction be stopped, it may
be permitted to proceed when it is known that its track is not obstructed.
16. A signalman informed of any obstruction in a block
must display the Stop-signal and notify the signalman at the other
end of that block. The signalman at the other end of the block
must immediately display the Stop-signal. The Clear-signal for
that block must not be displayed until the obstruction is removed.
17. When a train takes a siding the signalman must know
that it is clear of the block before giving "2," or displaying a
Clear-signal for that block.
The signalman must obtain control of the block before permitting a train on a siding to re-enter the block.
18. To permit a train to cross over or return the signalman
must examine the block record, and if all the blocks affected are
clear of approaching trains, he will arrange with the signalmen at
the next block station on either side to protect the movement, and
when the proper signals have been displayed permission may be
given. Until the block is clear no train must be admitted in the
direction of the cross-over switches except under Caution-signal
or with Caution Card. All cross-over movements must be entered
on the block records.
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19. When, as provided for in Rule 36, coupled trains have
been separated, the signalman must regard each portion as an independent train.
20. If necessary to stop a train for which a Clear-signal (or
a Caution-signal) has been displayed and accepted, the signalman
will give hand signals in addition to displaying the Stop-signal.
21. A signalman having orders for a train must display the
block signal at "Stop." He may permit trains so stopped to proceed under block signal rules after complying with Rules for
Movement by Train Orders.
22. If from the failure of block signal apparatus the block
signal cannot be changed from the normal indication, a signalman
having information from the signalman at the next block station in
advance that the block is clear may admit a train to the block by
the use of Clearance Card.
23. If, from the failure of telegraph line or other cause, a
signalman be unable to communicate with the next block station in
advance, he must stop every train approaching in that direction.
Should no cause for detaining the train be known, it may then be
permitted to proceed, provided
minutes have elapsed since
the passage of the last preceding train, using Caution Card.
24. Signalmen must have the proper appliances for hand
signaling (lamp, flag, torpedo and fusee signals) ready for immediate use. Hand signals must not be used when the proper indication can be displayed by the fixed signals. When hand signals are
necessary they must be given from such a point and in such a
way that there can be no misunderstanding on the part of the enginemen or trainmen as to the signals, or as to the train or engine
for which they are given.
25. Signalmen will be held responsible for the care of the
block station, lamps and supplies, and of the signal apparatus, unless provided for otherwise.
26. Lights in block stations must be placed so that they
cannot be seen from approaching trains.
27. Lights must be used upon all block signals from sunset
to sunrise, and whenever the signal indications cannot be clearly
seen without them.
28. If a train overruns a Stop-signal, the fact, with the
number of the train, must be reported to

29. If a Stop-signal is disregarded, the fact, with tke number of the train, must be reported to the next block station in advance, and then to
30. To open a block station the signalman must give "8" to
the next block station in each direction, and record the trains that
are in the extended block. He must then display the normal sig
nal indication and notify the block station in each direction that
the station is open.
When trains which were in the extended block when the
station was open, and which had passed his station before it was
opened, clear the block in advance he must repeat the record to the
block station in the rear.
He must not display the Clear-signal until all trains are clear
of the block in advance.
31. A block station must not be closed except upon the authority of
, nor when trains are approaching which are to
meet or pass at that block station.
32. To close a block station the signalman must first obtain
"2" for trains which he has admitted to the blocks in each direction.
He must give "9" to the next block station in each direction
and transfer the records of the trains in the extended block. He
must then enter on his block record "13," with the time it is received from each block station.
, all lights extinguished
The block signals must then be
and the block wires arranged to work through the closed station.
The arrangement of the block signal is. left for each road to determine in accordance with its local requirements.
ENGINEMEN AND TRADTKEN.

33. Block signals apply only to trains running in the established direction.
34. Trains must not pass a Stop-signal without receiving a
Caution Card, a Clearance Card or a special order.
35. An engineinan holding a Caution Card must deliver it
to the signalman at the next block station, and personally ascertain
from him that the block in advance is clear before proceeding.
36. Unless directed by special instructions, when two or
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more trains have been coupled and so run past any block station,
they must be uncoupled only at a block station and the signalman
notified.
37. When a train takes a siding it must not again enter the
block without the permission of the signalman.
38. When it is necessary for a train to cross over, the conductor, before crossing or returning, must notify the signalman and
obtain permission to do so.
39. Enginemen and trainmen must not accept clear hand
signals as against block signals.
40. The engineman of a train which has parted must sound
the whistle signal for Train-parted on approaching a block station.
41. An engineman receiving a Train-parted signal from a
signalman must answer by the whistle signal for Train-parted.
42. When a parted train has been recoupled the signalman
must be notified.
42. At a block station where the signalman is absent or incapacitated, so that instructions cannot be obtained, trains must
wait minutes, and then proceed with caution to the next
block station, where the conductor must report according to
the
44. If the track is obstructed between block stations, notice
must be given to the nearest block signalman.
min45. If a train is held by a block signal to exceed
utes, the conductor must ascertain the cause.
any unusual deten48. Conductors must report to
tion at block stations.
47. A block station must not be considered as closed, except as provided on time-table or by special instructions.

directly controlling a signal will cause it to give the normal indication.
46. Signals, if practicable, either over or upon the right of, and
adjoining, the track upon which trains arc governed by them. For
less than three tracks signals for trains in each direction may be
on the same signal mast or upright to which the signals are
directly attached.
47. Semaphore arms that govern, displayed to the right of the
signal mast as seen from an approaching train.
48. The normal indication of Home Block Signals
Stop.
49.The apparatus so constructed that the failure of the block
signal instruments or electric circuits will prevent the display of
the clear signal.
50. The relative position of the home signal, and track instrument or releasing circuit, such as to make it. necessary that
the rear of a train shall have passed
feet beyond the Home
Block Signal before the signal at the preceding block station can
be released.
Adjuncts. The following may be used:
(A) Distant Block Signals interlocked with Home Block
System; normal indication—Caution. When Distant Block Signals are used, use the rule following No. 1 for Home Signals.
(B) Advance Block Signals interlocked with Home Block
Signals, and with Distant Block Signals, if used; normal indication—Stop. When Advance Block Signals are used, the name
should be added to the caption of Rule 1 so as to read "Home and
Advance Signals," and Rule 3 should be changed to read "The
normal indication of Home and Advance Block Signals is Stop."
(C) Track circuits.
(D) Repeaters or audible signals to indicate the position of
signals to the signalman operating them.
(E) The automatic release of signals to give the normal indication.
(F) The interlocking of switches with block signals.
(G) Bell circuits for signaling between a block station and
outlying switches.
(H) Unlocking circuits between a block station and outlying
switches.

CONTROLLED MANUAL BLOCK SYSTEM,

-

A series of consecutive blocks controlled by block signals operated manually, and so constructed as to require the co-operation of
the signalman at both ends of the block to display a clear signal.
consisting of :
1. Signals of prescribed form, the indications given by twc.
positions; and, in addition, at night, by lights of prescribed color.
2. The apparatus so constructed that the failure of any part
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1. RULES.
HOME SIGNALS.
Signal

Color
(b) Red
(a)

Occasion for Use

Indication

Name

The signal will be
displayed when
Block is not clear
Block is clear

For enginemen
and trainmen
Stop
Proceed

As used in

rules
Stop signal
Clear signal

Where the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
Horizontal as the equivalent of (a).
Vertical or Diagonal (angle above or below the horizontal)
as the equivalent of (b).
When Distant Block Signals are used, the following should be
added to Rule 1:
Signal
(C)

(d)

—

Occasion for l'se

Home (or advance)
signal at (a)
Home (and advance)
signal at (b)

Indication

Name

Proceed with caution
to home (or adranee signal)
Proceed

Caution
signal
Blear

signal

Where the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
Horizontal as the equivalent of (c).
Vertical or Diagonal (angle above or below the horizontal) as
the equivalent of (d).
2. Block signals control the use of the blocks, but, unless
otherwise provided, do not affect the movements of trains under
the time table or train rules; nor dispense with the use or the
observance of other signals whenever and wherever they may be
required.
SIGNALMEN.
3. The normal indications of Home Block Signals is Stop.
4. Signals must be operated carefully and with a uniform
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movement. If a signal fails to work properly, its operation must
be discontinued and the signal secured so as to give the normal indication until repaired.
5. Signalmen must observe, as far as practicable, whether the
indication of the signals corresponds with the position of the levers.
6. Signalmen must not make nor permit any unauthorized
alterations or additions to the apparatus.

7. If any electrical or mechanical appliance fails to work
properly
must be notified, and only duly authorized' persons permitted to make repairs.
8. A block record must be kept at each block station. The
different items to be entered on the block record have not been
prescribed in this rule, but it has been ]eft to each road to complete the rule by adding such items as may be necessary to meet
the conditions governing its traffic.
9. Block signal instruments and bells must be used only by
signalmen and as directed by the rules.
10. Bells must not be used for any purpose other than to give
the prescribed signals.
11. Bell signals must be given deliberately and distinctly and
answered promptly. All signals must be repeated until answered.
12. The prescribed Bell Signals are as follows, and (-) signifies pause between beats:
1—(Long stroke.) Answer telegraph call.
2—All right. Yes.
3—Unlock my lever. Answer by unlocking, or 5, or 3-1.
4—Train has entered block.
5—Block is not clear.
6—Has a train entered this block ? Answer by 2, or 2-1.
1-2—Clear. Train has cleared block.
1-4-1-4—Stop train approaching and have it examined.
Answer by 14-1-4.
2-1—No.
2-2-2—Previous signals given in error. Answer by 2.
2-3-2—Train has passed without markers. This signal
to be given to station in advance. Answer by 2-3-2.
2 4—Has train cleared block ? Answer by 1-2, or 5.
2-4-2—Repeat previous signal.
3-1—Have unlocked. If levers are not released, instru-
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nient must be out of order. Block is clear. This
signal must be answered by 3-1, and the answer
acknowledged by 2. It must not be used unless the
block is known to be clear. A signalman having received 3-1 and answered it by 3-1, and received 2
in acknowledgment, may allow train to proceed
under Rule 26, announcing it by 4.
3-3—Train in block will take intermediate siding.
Answer by 3-3.
3-3-3-3-3-3—Train in block has broken apart. Answer
by 3-3-3-3-3-3.
4-34—Train from intermediate siding is proceeding
toward you. Answer by 4-3-4.
4-4-4---Cars running away in wrong direction and proceeding toward you. Answer by 4-4-4.
4-6-4—Cars running away in the right direction and proceeding toward you. Answer by 4-6-4.
5-2-5—Train has passed without markers. This signal
to be given to station in rear. Answer by 5-2-5.
5.5-5—Obstruction in block. Stop all trains approaching this station. Answer by 5-5-5.
6-6-6—Testing. Answer by 6-6-6.
When bell circuits for signaling between a block station and
putlying switches are used, Rule 12 will be amended to include the
following signals, which will be given and observed by signalmen
and conductors:
1-2-3—Train has gone on siding. All clear. Switch
closed. Answer by 1-2-3.
3-4—Train is ready to leave siding. Answer by 3-4, or
5. Conductor when ready to go will give 3-4, and
will not start his train until 34 has been given in
reply, and this must not be given by the signalman
unless the block is clear.
Additional bell signal may be used if desired. The telegraph
or other equivalent may be used instead of the bell for transmitting signals.
13. To receive and forward a train, the block being clear,
and signals giving the normal indication:
In answer to 3 from the next block station in the rear, the

signalman must unlock by closing the circuit, and unless otherwise provided hold it closed until acknowledged.
In answer to 4 from the next block station in the rear, he
must give 2, then give the block station in advance 3. If released.
he must give 2 in acknowledgment, then clear the signals. When
the train enters the block in advance, he must give 4 to the next
block station in advance. When the rear of the train has
passed feet beyond the home block signal, and he has seelt
the markers, he must give 1-2 to the station in the rear.
14. Block signals must be restored to the normal indication
as soon as the train for which they were cleared has passed
15. Unless otherwise provided, signalmen must not give 3
until they have received 4 from the next block station in the rear,
nor unlock the next block station in the rear before receiving 3.
16. Signalmen must observe all passing trains and note
whether they are complete and in order, and the markers properly
displayed. Should there be any indication of conditions endangering the train, or a train on another track, the signal 1 4-14
must be given to the next block station in advance, and the signalman must display Stop-signals in both directions, and then
answer
Should a train going in the opposite direction
be stopped, it may be permitted to proceed when it is known that
the track on which it is running is not obstructed. When practicable, the signalman giving 1-4-1-4 must inform the signalman
at the other end of the block why the signal was given.
17. Should a train pass a block station without markers, the
signalman most give 2 3 2 to the next block station in advance,
and 5 2 5 to the next block station in the rear, and must not report the block clear nor unlock the next block station in the rear
until he has ascertained that the train is complete.
18. Should a train pass a block station in two or more park,
the signalman must give 2 3 3 3 3 3 to the signalman at the next
block station in advance. A signalman having received this signal
must stop any train running in the opposite direction. The Stopsignal must net be dis p layed to the engineman of the divided train
if the block in advance is clear, but the Train-parted signal must
be -given. Should a train going in the opposite direction be
stopped, it may be permitted to proceed when it is known that its
track is not obstructed.
86
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19. Should cars run away in the wrong direction, the signal
4-4-4 must be given to the next block station in the rear. Should
cars run away in the right direction, the signal 4-6-4 must be
given to the next block station in advance. Signalmen receiving
either of these signals must take such measures for the protection
of trains as may be practicable.
20. A signalinan informed of any obstruction in a block must
display the Stop-signal and give 5-5-5 to the signalman at the other
end of that block. A signalman receiving 5-5-5 must immediately
display the Stop-signal and then answer by 5-5-5. The Clearsignal for that block must not be displayed until the obstruction is
removed.
21. When a train takes a siding the signalman must know
that it is clear of the block before giving 1-2 or displaying a Clearsignal for that block.
A signalman, after having unlocked the next block station in
the rear or given 3-1, must not permit train or switching movements that will endanger an approaching train.
22. A train must not be admitted to a block unless it is clear,
except as provided in Rule 28, or by special order.
23. When, as provided for in Rule 38, coupled trains have
been separated, the signalman must regard each portion as an independent train.
24. If necessary to stop a train for which a Clear-signal has
been displayed and accepted, the signalman must give hand signals in addition to displaying the Stop-signal.
25. A signalman having orders for a train must display the
block signal at "Stop." He may permit trains so stopped to proceed under block signal rules after complying with Rules for
Movement by Train Orders.
26. If from the failure of block signal apparatus the block
signal cannot be changed from the normal indication, a signalman
having information from the signalman at the next block station in
advance that the block is clear may admit a train to the block
by the use of a Clearance Card.
27. When a train is admitted to a block, as provided in Rule
28, both signalmen must use every precaution to prevent a second
train from entering the block until it is clear.
28. If from the failure of bell circuits, telegraph line or other

cause a signalman be unable to communicate with the next block
station in advance, he must stop every train approaching in that
direction. Should no cause for detaining the train be known, it
may then be permitted to proceed, provided minutes have
elapsed since the passage of the last preceding train using a
Caution Card.
29. Signalmen must have the proper appliances for hand signailing, including the use of lamp, flag, torpedo and fusee signals,
ready for immediate use. Hand signals must not be used when
the proper indication can be displayed by the fixed signals. When
hand signals are necessary they must be given from such a point
and in such a way that there can be no misunderstanding on the
part of enginemen or trainmen as to the signals, or as to the
train or engine for which they are given.
30. Signalmen will be held responsible for the care of the
block station, lamps and supplies ; and of the signal apparatus unless provided for otherwise.
31. Lights in block stations must be so placed that they cannot be seen from approaching trains.
32. Lights must be used upon all block signals from sunset
to sunrise, and whenever the signal indications cannot be clearly
seen without them.
33. If a train overruns a Stop-signal, the fact, with the number of train, must be reported to
34. If a Stop-signal is disregarded, the fact, with the number
of train, must be reported to the block station in advance, and
then to
ENGINE? EN AND TRAINMEN.

35. Block signals apply only to trains running in the established direction.

36. Trains must not pass a Stop-signal without receiving a
Caution Card, a Clearance Card, or a special order.
37. An engineman holding a Caution Card must deliver it
to the signalman at the next block station, and personally ascertain from him that the block in advance is clear before proceeding.
38. Unless directed by special instructions, when two or more
trains have been coupled and so run past any block station, they

1349

BLOCK SIGNAL RULES.

BLOCK SIGNAL RULES.

must be uncoupled only at a block station, and the signalman
notified.
39. When a train takes a siding it must not again enter the
block without the permission of the signalman.
40. When it is necessary for a train to cross over, the conductor, before crossing or returning, must notify the signalman
and obtain permission to do so.
41. Enginemen and trainmen must not accept clear hand
signals as against block signals.
42. The engineman of a train which has parted must sound
the whistle signal for Train-parted on approaching a block station.
43. An engineman receiving a Train-parted signal from a
signalman must answer by the whistle signal for Train-parted.
44. When a parted train has been recoupled the signalman
must be notified.
45. At a block station where the signalman is absent or incapacitated, so that instructions cannot be obtained, trains must
minutes and then proceed with caution to the next
wait
block station, where the conductor must report accordingly to
the ---.
46. If the track is obstructed between block stations, notice
must be given to the nearest block signalman.
47. If a train is held by a block signal to exceed
minutes, the conductor must ascertain the cause.
48. Conductors must report to
any unusual detention
at block stations.
49. A block station must not be considered as closed, except
as provided on time table or by special instructions.

controlling the Home Block Signal will cause it to indicate Stop.
3. Signals, if practicable, either over or upon the right of and
adjoining the track upon which trains are governed by them. For
less than three tracks, signals for trains in each direction may be
on the same signal mast, or the upright to which the signals are
directly attached.
4. Semaphore arms that govern, displayed to the right of the
signal mast as seen front an approaching train.
5. Switches in the main track so connected with the block
signals that the Home Block Signal 'in the direction of approaching trains will indicate Stop, when the switch is not set for the
main track.
6. Signal connections and operating mechanism so arranged
that a Home Block Signal will indicate Stop after the
(head or rear) of a train shall have passed it.
Adjuncts. The following may be used:
(A) Distant block signals connected with corresponding
Home Block Signals and so constructed that the failure of any
part controlling the signal shall cause it to indicate—Caution.
When Distant Block Signals are used the rule following No. 1
should be used.
(B) Track circuits.
(C) Indicators at main track switches.
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Home Signals.
Signal

(a) red
(b)
(o)

Block is clear

Color
AUTOMATIC BLOCK SYSTEM.
A series of consecutive blocks controlled by block signals
operated by electric, pneumatic or other agency, actuated by a
train or by certain conditions affecting the use of a block. It consists of :
1. Signals of prescribed form, the indications given by not
more than three positions; and, in addition, at night by lights of
prescribed color.
2. An apparatus so constructed that the failure of any part

occasion for tree

The signal will
appear when
Block is not clear
Block is clear

Indication

For enginemen
and trainmen
Stop
Proceed
Approach next
home signal prepared to stop

Name

As used in
rules
Stop signal
Clear signal
Caution signal.

Second block in advance is not clear

Where the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
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Horizontal as the equivalent of (a).
Vertical or Diagonal (angle above or below the horizontal) as
the equivalent of (b).
Diagonal (angle above or below the horizontal) as the equivalent of (c).
• Where a single disc is used for two indications, these are given
by position of a (color) disc as seen horn an approaching train:
Disc displayed as the equivalent of (a).
Disc withdrawn as the equivalent of (b).
When Distant. Block Signals are used the following should
be added to Rule 1:

3. Block signals apply only to trains running in the established direction.
4. When a train is stopped by a block signal it may proceed
when the signal is cleared.
Or it may proceed:
(A) After waiting
minutes and then running under
caution; or
(B) Preceded by a flagman to the next clear signal.
The Committee has provided for alternatives in this rule, considering either to be safe practice.
5. When a signal is out of service the fact will be indicated
by
Trains finding a signal out of service must, unless otherwise
directed, proceed with caution to the next signal.
6. When a train is stopped by a signal which is evidently out
of order, and not so indicated, the fact must be reported to --.

Distant Signals,
Signal

Occasion for Use

l ndieatiou

Name

Color

The signal will
appear when

For engine men
and trainmen

As used in
rules

(d)

(e)

Home signal is at (a)
or track obstructed
between distant and
home signal
Home signal is at (b)

Proceed with
caution to
the home
signal
Proceed
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INTERLOCKING RULES.

Caution signal
Clear signal

Standard Code of the American Railway Association.
DEFINITIONS,

Where the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
Horizontal as the equivalent of (d).
Vertical or Diagonal (angle above or below the horizontal) as
the equivalent of (e).
Where a single disc is used for two indications, these are
given by position of a (color) disc as seen from an ap
proaching train:
Disc displayed as the equivalent of (d).
Disc withdrawn as the equivalent of (e).
2. Block signals control the use of the blocks, but, unless
otherwise provided, do not affect the movements of trains under
the time table or train rules; nor dispense with the use or the observance of other signals whenever and wherever they may be required.

Interlocking. An arrangement of switch, lock and signal appliances so interconnected that their movements must succeed each
other in a pre-determined order.
Interlocking Plant. An assemblage of switch, lock and signal
applia n ces, interlocked.
Interlocking Station. A place from which an interlocking
plant is operated.
Interlocking Signals. The fixed signals of an interlocking
plant.
nne Signal. A fixed signal at the point at which trains are
required to stop when the route is not clear.
Distant Signal. A fixed signal used in connection with a
home signal to regulate the approach thereto.
Dwarf Signal. A low fixed signal.
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RULES.
Signal

Color
(a) red
(b)

—

Use
The signal will be
Occasion for

displayed when
Route is not clear

Route is clear

Indication

Name

For enginewen
and trainmen

As

Stop
Proceed

Sop signal
Clear signal

used in
rules

When the semaphore is used, the governing arm is displayed
to the right of the signal mast as seen from an approaching train,
and the indications are given by positions:
Horizontal as the equivalent of (a).
Vertical or Diagonal (angle above or below the horizontal) as
the equivalent of (b).
2. Interlocking signals, unless otherwise provided, do not
affect the movements of trains under the time table or train rules ;
nor dispense with the use or the observance of other signals whenever and wherever they may be required.
SIGNATITEN.

3. The normal indication of Home Signals is Stop.
4. Levers, or other operating appliances, must be used only
by those charged with the duty and as directed by the rules.
5. Signal levers must be kept in the position giving the
normal indication, except when signals are to be cleared for an
immediate train or engine movement.
6. When the route is clear the signals must be cleared sufficiently in advance of approaching trains to avoid delay.
7. Signals must be restored so as to give the normal indication as soon as the train or engine for which they were cleared has
passed
8. If necessary to change any route for which the signals
have been cleared for an approaching train or engine, switches
must not be changed or signals cleared for any conflicting route
until the train or engine for which the signals were first cleared
has stopped.
9. A switch or facing point lock must not be moved when
any portion of a train or an engine is standing on, or closely approaching, the switch or detector bar.
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10. Levers must be operated carefully and with a uniform
movement. If any irregularity, indicating disarranged connections, is detected in their working, the signals must be restored so
as to give the normal indication, and the connections examined.
11. During cold weather the levers must be moved as often
as may be necessary to keep connections from freezing.
12. If a signal fails to work properly, its operation must be
discontinued and the signal secured so as to give the normal indication until repaired.
13. Signalmen must observe, as far as practicable, whether
the indication of the signals corresponds with the position of the
levers.
14. Signalmen must not make nor permit any unauthorized
alterations or additions to the plant.
15. If there is a derailment or if a switch is rim through, or
if any damage occurs to the track or interlocking plant, the signals
must be restored so as to give the normal indication, and no train
or switching movement permitted until all parts of the interlocking plant and track liable to consequent injury have been examined
and are known to be in a safe condition.
16. If necessary to disconnect a switch from the interlocking
apparatus the switch must be securely fastened.
17. During storms or drifting snow special care must be used
in operating switches. If the force whose duty it is to keep the
switches clear is not on hand promptly when required, the fact
.
must be reported to
18. If any electrical or mechanical appliance fails to work
must be notified, and only duly authorized perproperly
sons permitted to make repairs.
19. When switches or signals are undergoing repairs, signals
must not be given for any movement which may be affected by
such repairs, until it has been ascertained from the repairmen that
the switches are properly set for such movements.
20. Signalmen must observe all passing trains and note
whether they are complete and in order ; should there be any indication of conditions endangering the train, or any other train,
the signalmen must take such measures for the protection of trains
as may be practicable.
21. If a signalman has information that an approaching train
—
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has parted, he must, if possible, stop trail's or engines on conflicting routes, clear the route for the parted train, and give the Trainparted signal to the engineman.
22. Signalmen must have the proper appliances for hand signailing, which includes the use of lamp, flag, torpedo and fusee signals, ready for immediate use. Hand signals must not be used
when the proper indication can be displayed by the fixed signals.
When hand signals are necessary, they must be given from such a
point and in such a way that there can be no misunderstanding on
the part. of the enginemen or trainmen as to the signals, or as to
the train or engine for which they are given.
23. If necessary to discontinue the use of any fixed signal,
notified.
hand signals must be used and
24. Signalmen will be held responsible for the care of the
interlocking station, lamps and supplies, and of the interlocking
plant, unless provided for otherwise.
25. Lights in interlocking stations must be so placed that
they cannot be seen from approaching trains.
26. Lights must be used upon all fixed signals from sunset to
sunrise, and whenever the signal indications cannot be clearly seen
without them.
27. If a train or engine overruns a Stop-signal, the fact, with
the number of train or engine, must be reported to
28. Only those whose duties require it shall be permitted in
the interlocking station.

the whistle signal for Train-parted, on approaching an interlocking
station.
33. An engineman receiving a Train-parted signal from a
signalman must answer by the whistle signal for Train-parted.
34. When a parted train has been recoupled the signalman
must be notified.
35. Sand must not he used over movable parts of an interlocking plant.
'36. Conductors or enginemen of yard engines must report
any unusual detention at interlocking plants.
to
37. Trains or engines stopped in making a movement through
an interlocking plant must not move in either direction until they
have received the proper signal from the signalman.

ENGINEMEN AND TRAINMEN.

29. Trains or engines must be rim to, but not beyond, a signal indicating stop.
30. If a clear signal, after being accepted, is changed to a
stop signal before it is reached, the stop must be made at once.
Such occurrence must be reported to
31. Enginemen and trainmen must not accept clear hand signals as against fixed signals until they are fully informed of the
situation and know that they are protected. Where fixed signals
are in operation, trainmen must not give clear hand signals against,
them.
32. The engineman of a train which has parted must sound

REPAIRMEN.
38. Repairmen are responsible for the inspection, adjustment
and proper maintenance of all the interlocking plants assigned to
Their care.
39. Where the condition of switches or track does not admit
of the proper operation or maintenance of the interlocking plant,
the fact must be reported to
40. When any part of an interlocking plant is to be repaired,
a thorough understanding must be had with the signalman, in
order to secure safe movement of trains and engines during repairs.
The signalman must be notified when repairs are completed.
41. If necessary to disconnect any switch, it must be securely fastened before any train or engine is permitted to pass
over it.
42. Alterations or additions to an interlocking plant must
not be made unless authorized by
43. Repairmen, when on duty or subject to call, must keep
advised as to where they can be found, and respond
promptly when called.
SIGNAL RULES.
(Adopted by the American Railway Association.)
For the proper method of running trains, the American Rail-
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way Association have adopted a standard code of train rules,
which give the standard method of running trains on single track,
double track and three and four tracks, with and without block
signals. This code should be in the hands of every engineer.
From this code the following standard signal rules, both audible
and visible, used on railways have been taken:
Rule 1.—Employees whose duties may require them to give
signals must provide themselves with the proper appliances, keep
them in good order and ready for immediate use.
Rule 2.—Flags of the prescribed color must be used by day,
and lamps of the prescribed color by night.
Rule 3.—Night signals are to be displayed from sunset to
sunrise. When weather or other conditions obscure day signals,
night signals must be used in addition.

Rule 5. A fusee Un or near ihe truck, burning red, must not
be passed until burned out. When burning green it is a caution
signal.
—

Rule 11.- -HAND, FLAG AND LAMP SIGNALS.
I iLd ient ion

3r.ner ..r('si ng

(See Fig. 1)

(a) Swung across the track.

Stop.

(b) Raised and lowered vertically.

Proceed. (See Fig 2)

Rule 4.—VISIBLE SIGNALS.
COLOR SIGNALS.
Indica Lion

Color

Stop.
Proceed, and for other uses prescribed by the
rules.
Proceed with caution, and fur other uses prescribed by the rules.
(d) Green and white. Flag stop. (See rule 22.)
A blue flag by day and a blue light by night.
(e) Blue
displayed at one or both ends of an engine,

car or train, indicates that workmen are
under or about it.; when thus protected it
must not be coupled to or moved. Workmen
will display the blue signals, and the same
workmen are alone authorized to remove
them. Other cars must, not be placed on the
same track so as to intercept the view of the
blue signals without first notifying the
workmen.

Fig. 1.

Fig. 2.

STop—SwINo _1 r Ross
THE TRAGIC.

PnorEkm—ItArsED .kNn
Low EnEn VEirricALLy.

(See Rule ti).

(See Rule 6).

(e) Swung vertically in

a

circle at

halt' arm's length across the
track when the train is standing.

Back. (See Fig. 3)
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(d) Swung vertically in a circle at
arm's length across the track
waen the train is running.

1
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Train has parted. (See Fig. 4)

Rule 8.—AUDIBLE SIGNALS.
ENGINE WHISTLE SIGNALS.

NOTE.—The signals prescribed are illustrated by o for short
sounds; — for longer sounds. The sound of the whistle should

Fig. 3.

Fig. 4.

BACK—SWUNG VERTICALLY IN A

CIRCLE AT HALF ARM'S LENGTH VERTICALLY IN A CIRCLE AT
ACROSS THE TRACK.

ARM'S LENGTH ACROSS

(See Rules 6 and 8).

THE TRACK.

(See Rules 6 and 8).

(e) Swung horizontally above the
head when the train is standing.
(f) Held at arm's length above the
head when the train is standing.

Apply air brakes. (See Fig. 5)

•

APPLY Am BRAKES—Swgico
HORIZONTALLY ABOVE
THE HEAD.

(See Rule 6).

Fig. 6.
RELEASE Ant BRAKES—HELD
AT ARM'S LENGTH ABOVE
THE HEAD.
(See Rule 6).

be distinct, with intensity and duration proportionate to the distance signal is to be conveyed.
Sound

Release air brakes. (See Fig. 6)

Rule 7. Any object waved violently by anyone on or near
the track is a signal to stop.
—

Fig. 5.

TRA.IN HAS PARTED—SWUNG

(a)
(b) —
000
(c)
(a) — —
(e)

Indication

Stop. Apply brakes.
Release brakes.
Flagman go back and protect rear
of' train.
Flagman return from west or south.
Flagman return from east or north.
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(f)

-

(g) 00
(h) 000

•

(j) 0000
(k)
00

(l) - -

00

imus.

1Vhen running, train parted ; to be
repeated until answered by the
signal prescribed by Rule 6 (d).
Answer to 6 (d). See Fig. 4.
Answer to any signal not otherwise
provided for,
When train is standing, back.
Answer to 6 (c) (see Fig. 3) and
10 (a). When train is running
answer to 10 (d).
Call for signals.
To call the attention of yard engines,
extra trains or trains of the same
or inferior class or inferior right
to signals displayed for a following
section.
Approaching public crossings at.

BLOCK SIGNAL RULES.
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every train by night, but must be coiwealed when a train is standing to meet trains at the end of double track or at junctions.
Rule 12.—Yard engines will display the headlight to the
front and rear by night. When not provided with a headlight at
the rear, two white lights must be displayed. Yard engines will
not display markers.
Rule 13. The following signals will be displayed, one ca,
each side of the rear of every train, as markers, to indicate the
—

grade.
Approaching stations, junctions and
railroad crossings at grade.

(m)

A succession of short sounds of the whistle is an alarm for
persons or cattle on the track.
Rule 9.—The explosion of one torpedo is a signal to stop;
the explosion of two, not more than 200 feet apart, is a signal to
reduce speed and look out for a stop signal.
Rule 10.—COMMUNICATING SIGNALS.
Sound

Indication

(a) Two
(h) Two
(c) Three
(d) Three
(e) Four
(f) Four
(g) Five
(h) Five

When train is standing, start.
When train is running, stop at once.
When train is standing, back the train.
When train is running, stop at next station.
When train is standing, apply or release air brakes.
When train is running, reduce speed.
When train is standing, call in flagman.
When the train is running, increase speed.

Rule 11.

—

The headlight will be displayed to the front of

11111111111r
Fig. 7.

Fig. 8.

ENGINE RUNNING- FORWARD BY ENGINE RUNNING FORWARD BY
DAY AS AN EXTRA TRAIN—
=!•TIGHT AS AN EXTRA TRAIN
—WHITE LIGHTS ND
WHITE FLAGS AT A A.
(See Rule 15).
WHITE FLAGS AT A A.
(See Rule 15).
rear of the train: By day, green flags; by night, green lights to
the front and side and red lights to the rear, except when the train
is clear of the main track, when green lights must be displayed to
the front, side and rear, and except when a train is turned out
against the current of traffic, when green lights must be displayed
to the front and side, and to the rear, a green light toward the inside and a red light to the opposite side. (See Figs. 9, 10, 13, 14,
15, 16, 17, 18,19 and 23.)
87

1362

1303

BLOCli SIGNAL RULES.

BLOCK SIGNAL RULES.

Rule 14.—All sections except the last will display two green
flags, and in addition two green lights hy night, in the places provided for that purpose on the front of the engine. (See Figs. 11,
12, 13 and 14.)

ing engine only shall display the signals as prescribed by Rules
14 and 15.
Rule 1.7.—One flag or light displayed, where in Rules 13, 14
and 15 two are prescribed, will indicate the same as two; but the
proper display of all train signals is required.
Rule 18.—When cars are pushed by an engine (except when

Red.

F . b*. 9.

Fig.

lb.

ENGINE RUNNING BACKWARD BY ENGINE Ri'NNING BACKWARD AT
DAY AS AN EXTRA TRAIN, WITH-

NIGHT AS AN EXTRA TRAIN,

OUT CARS OR AT THE REAR OF

WITHOUT CARS OR AT THE REAR

TRAIN PL-SIIING CARS.—
WHITE FLAGS AT A A (See Rule
15). GREEN FLAGS AT B B AS
MARKERS (See Rule 13).

OF A TRAIN Pl•sill NG CARS—

A

WHITE LIGHTS AND WHITE
FLAGS AT

A A (See Rule 15).

Fig.

DAY DISPLAYING SIGNALS

FOR

A FOLLOWING SEC-

TION—GREEN FLAGS

A A.
(See Rule 14.)
AT

SHOWING GREEN AT SIDE AND

POSITE DIRECTION

(See Rule

13).

Rule 15.—Extra trains will display two white flags, and, in
addition, two white lights by night, in the places provided for that
purpose on the front of the engine. (See Figs. 7, 8, 9 and 10.)
Rule 16.—When two or more engines are coupled, the lead-

NIGHT DISPLAYING SIGNALS
FOR A FOLLOWING SECTION—GREEN LIGHTS
AND GREEN FLAGS
AT

A A.

(See Rule 14.)

Is

MOVING AND RED IN THE OP-

Fig. 12.

ENGINE RUNNING FORWARD BY ENGINE RUNNING FORWARD AT

LIGHTS AT B B As INIARREus,
IN 'TEE DIRECTION ENGINE

H.

shifting or making up trains in yards) a white light must be displayed on the front of the leading ear by night. (See Figs. 21
and 22.)

Rule 19.—Each ear on a passenger train must he connected
with the engine by a communicating signal appliance.
Rule 20.—A blue flag by day and a blue light hy night, displayed at one or both ends of an engine, ear or train, indicates
that workmen are under or about it; when thus protected it must
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net be coupled to or moved. Workmen will display the blue signals, and the same workmen are alone authorized to remove them.

Ito

Fig. 13.

111111111111M"

Red

Fig. 15.
REAR OF TRAIN BY

DAY—GREEN FLAGS AS MARKERS.

(See Rule 13.)

Fig. 14.

ENGINE RUNNING BACKWARD ENGINE RUNNING BACKWARD
BY DAY, WITHOUT CARS OR AT

BY NIGHT, WITHOUT CARS OR

THE REAR OF A TRAIN PUSH-

AT THE REAR OF A TRAIN

ING CARS, AND DISPLAYING

PUSHING CARS, AND DISPLAY-

SIGNALS FOR A FOLLOWING

ING SIGNALS FOR A FOLLOW-

SECTION—GREEN FLAGS AT

ING SECTION—GREEN LIGHTS

A A. (See
FLAGS AT B B. (See Rule Rule 14.) LIGHTS AT B B AS
MARKERS, SHOWING GREEN AT
13.)
SIDE AND IN THE DIRECTION
ENGINE IS MOVING AND RED
IN OPPOSITE DIRECTION. (See
Rule 13.)

A A. (See Rule 14.) GREEN

AND FLAGS AT

Other cars must not be placed on the same track so as to intercept
the view of the blue signals, without first notifying the workmen.
Rule 20a. For three and four tracks a train by night running
with the current on a high-speed track will display two red lights
to the rear.

Fig. 16.
REAR OF TRAIN BY

Fig. 17.
NIGHT REAR OF TRAIN BY NIGHT

WHEN RUNNING—LIGHTS AT

WHEN ON SIDING TO BE

A A AS MARKERS, SHOWING

PASSED BY ANOTHER TRAIN—

GREEN TOWARD ENGINE AND

LIGHTS AT A A AS MARKERS,

(See

SHOWING GREEN TOWARD EN-

SIDE AND RED TO REAR.

Rule 13.)

GINE, SIDE AND TO REAR.

(See Rule 13.)
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A train by night running with the current of traffic, on a slow
speed track, or a train by night using any track against the cur-

'Red

Red
(REAR OP

TeNDra)

Fig. 19.

Fig. 1S.
ENGINE RUNNING FORWARD BY
DAY WITHOUT CARS OR AT THE
REAR OF A TRAIN PUSHING
CARS. (See Rule 13.)

ENGINE RUNNING FORWARD BY
NIGHT WITHOUT CARS OR AT
THE REAR OF A TRAIN PUSHING CARS.

(See Rule 13.)

rent of traffic, will display a green light to the rear on the side
next to the high-speed track in the direction of the current of traffic,

Fig. 22.
Fig. 21.
FREIGHT
CARS
BEING PUSHED
PASSENGER C ARS BEING PUSHED
BY
.AN
ENGINE
BY NIGHT—
BY AN ENGINE BY NIGHT—
WHITE LIGHT ON FRONT OF WHITE LIGHT ON FRONT OF
(See Rule
(See Rule LEADING CAR.
LEADING CAR.
18.)
18.)

Fig. 20.
ENGINE RUNNING BACKWARD BY NIGHT WITHOUT CARS OR AT
THE FRONT OF A TRAIN PULLING CARS—WHITE LIGHT AT A.

Fig. 23.

and a red light on the opposite side. (See Figs. 21, 25 and 26.)
A train by night on a siding will display two green lights to

REAR OF TRAIN BY NIGHT RUNNING AGAINST THE CURRENT OF
TRAFFIC—LIGHTS AT A A. RED TO REAR ON LEFT
LAMP; RED ON INSIDE OF RIGHT LAMP.
(See Rule 13.)

the rear.
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USE OF SIGNALS.

Rule 21.—A signal imperfectly displayed, or the absence of
a signal at a place where a signal is usually shown, must he regarded as a stop signal, and the fact reported to the
Rule 22.—A combined green and white signal is to be used
to stop a train only at the flag stations indicated on its schedule.
When it is necessary to stop a train at a point that is not a flag
station on its schedule a red signal must be used.
Rule 23.—When a signal (except a fixed signal) is given to

Fig. 24.
REAR OF TRAIN BY NIGHT, RUNNING WITH THE CURRENT of
TRAFFIC ON A HIGH SPEED TRACK—LIGHTS AT

A A.

GREEN AT SIDES; RED AT REAR.

(See Rule 20A.)

(Sigh Speed Track.'■
A

Fig. 26.
REAR OF TRAIN BY NIGHT RUNNING ON ANY TRACK AGAINST
THE CURRENT OF TRAFFIC—LIGHTS AT A A AS PER
RULE

Mist Speed Track.)
A

Fig. 25.
REAR OF TRAIN BY NIGHT

ReNNINti

W ITIL TILL, IL:U.-BRENT

TRAFFIC ON A SLOW SPEED TRACK—LIGHTS AT A.A.
AS PER RULE

20A.

OF

20A.

stop a train, it must, unless otherwise provided, be acknowledged
as prescribed by Rule 8 (g) or (h).
Rule 24.—The engine bell must be rung when an engine is to
move.
Rule 25.—The engine bell must be rung on approaching
every public road crossing at grade and until it is passed; and
the whistle must sounded at all whistling posts.
Rule 26.—The unnecessary use of either the whistle or the
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bell is prohibited. They will be used only as prescribed by rule
or law, or to prevent accident.
Rule 27.—Watchuten stationed at public road and start
crossing must use red signals only when necessary to stop trains.
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Signals and Signal Systems.
As the traffic on railroads has grown so rapidly, and as the
speeds of equipment have constantly increased, it has become
necessary to provide the most efficient systems of signaling to safeguard the method of conducting traffic. The old method of operating trains by train orders and telegraph has imposed such a
difficult task for the train dispatcher that other methods are being
used which will lessen his labors and responsibilities.
Telegraph and Train Order System. The earliest method of
operating a train, and the one which is still in most extensive use,
is by means of the telegraph and train order system. In this
method of operating trains by telegraph, a train order is filled out
by the station master in response to telegraphic orders received
from the train dispatcher, and handed to the engineer and conductor of every train affected by the order. The possession of
this order is the engineer's authority for running his train, but
before he proceeds he must telegraph the train dispatcher his
understanding of the order, so as to minimize the chances of error.
After the train has left, the operator at the station notifies the
train dispatcher, who enters the name of the station and the time
on a sheet before him, so that he can tell at a glance where every
train on the division is and how to direct their movements. With
this system it is essential that a man stand ready to receive messages and wave a red flag, or hoist. a signal to a niast head, if it is
desired to stop a train at any particular station to await the
orders.
The chance of error on the part of the train dispatcher or
telegraph operator increases very rapidly with the number of train
movements required, and for this reason a system of signaling has
been developed whereby trains automatically set signals behind
88

1371

173

SIGNALS AND SIGNAL SYSTEMS.

SIGNALS AND SIGNAL SYSTEMS.

them to prevent following trains approaching too closely. The
train dispatcher's duties are thus greatly reduced, as with an automatic signal system he is only required to keep a record of their
positions, so as to stand ready to relieve confusion in case of
failure of the signals.
Block Signals. The method of signaling in general use makes
use of an arrangement known as block signals., by means of which
the engineer can tell when to run cautiously or when to stop;
thus when one signal is set at danger and the other at clear, the
engineer knows the block before him is clear, but the one beyond
is occupied. IIe then proceeds expecting to find both of the next
signals at danger, indicating that there is a train in the next block,
and he must stop. One of the signals. on the post is therefore
known as a distant signal, since it indicates the position of a signal
one block in advance, and the other is known as the home signal.
The distant signal is interlocked with the home signal, so that
it can show clear until the home signal a block in advance is
cleared. The reason why one signal at the beginning of a block
does not provide sufficient protection for trains when running at
high speed is because it cannot be seen in time to make a stop with
the ordinary service application of brakes without running by
a signal. The distant signal, therefore, serves to forewarn the
engineer by repeating the indication of the home signal far enough
in the direction of an approaching train to enable a stop to be
made under the worst conditions before the home signal is reached.
It is evident, therefore, that this signal should be placed at least
1,500 to 2,000 feet froth the home signal on a level track, a little
less on an up grade and a greater distance on down grade.
A length of a block will depend upon the headway and speed
of the train, but it. is always of sufficient length to allow the
engineer to gain control of his train and stop before reaching a
home signal, after the distant signal is seen. On roads where the
traffic is heavy the blocks are made short, so that a train may run
through the block quickly, and not hold it against another train
which may be waiting. A high-speed train will run through a
long block in the same time a slow-speed train will rim through
a short block, therefore for high-speed trains the block should be
made longer, requiring fewer signals for a given length of track,
and affording greater safety, as the trains are kept further apart.

When the blocks are long and the train allowed to run at full
speed after passing the distant signal, which may be set at danger,
it is customary to place an intermediate distant signal far enough
in advance of the home signal to permit a stop being made before
the home signal is reached. This method is particularly advantageous in case the home signal is at the end of a long curve, or
the contour of the country is such as to prevent its being seen
before it is too late to stop. In the ease of very long blocks it is
customary to omit the distant signal at the beginning of the block,
the intermediate signal affording ample protection.
Block Systems. The block system is a series of consecutive
blocks so arranged as to regulate the movement of railroad trains
in order that an interval of space may be maintained between
trains moving in the same direction on the same track. There
are four different block systems in general use, the simplest of
which is the Manual Block System, the others being the Controlled Manual Black System, the Electric Train Staff System,
and the Automatic Block Signal System.
Development of the Block System. The block system was
first used in America in 18G3 or 1864, and the interlocking about
1870. For many years the Pennsylvania, which in 1872 leased
the lines east of Philadelphia, on which the block system had been
first introduced, was the only road using it. A few roads in New
England began using wire-circuit automatic block signals about
1871, but the time interval rules were maintained in full force,
so that the signals were of little use in increasing the capacity of
the railroads. In 1870 the track circuit was introduced, making
automatic block signals effective as against the danger of false
clear signals being given by the accidental separation of a train
into two parts (and incidentally afr.».ding a means of detecting
broken rails), and from that time the use of the automatic system
has progressed as fast as railroads have found themselves able to
make the heavy investment necessary to install it.
Statistics of Roads Using Block Signals. From data given by
the government, 47,876 miles of railroad are operated by the
manual block signals. Of this mileage 40,040 miles are regulated
by the use of the Morse telegraph ; on 3.287 miles it is done by
means of telephones; on 829 miles by electric bells; on about 2,400
miles by controlled manual apparatus, without track circuits; on
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727 miles by controlled manual apparatus, with track circuits at
stations; on 212 miles by controlled manual apparatus, with track
circuits continuous throughout the block sections, and on 234 miles
by the electric train staff.
The principal roads using telephones for block signaling are
the Atchison, Topeka & Santa Fe, 1,438 miles (including some
double track) ; Chicago, Burlington & Quincy, 753 miles (including some double track) ; Illinois Central, 769 miles; Michigan
Central, 68 miles ; Pennsylvania, 203 miles (including some
double track); West Jersey & Sea Shore, 29 miles (all double
track).
The principal road using electric bells (not controlled
manual) is the Erie, on which there are 723 miles worked in this
way, including both double track and signal lines. Other lines are
the Long Island, the Pennsylvania and the Wabash.
The principal roads using controlled manual, with no track
circuits, are the Chesapeake & Ohio, 147 miles ; Chicago &
Eastern Illinois, 69 miles ; Chicago, Burlington & Quincy, 1,252
miles; Illinois Central, 769 miles. Nearly all of this mileage is
single track.
The roads using controlled manual, with track circuits sit
the stations, are the Chesapeake & Ohio, 92 miles; Chicago &
Alton, 19 miles; Long Island, 8.6 miles; New York Central &
Hudson River, 373 miles; New York, New Haven & Hartford,
229 miles.
The roads using controlled manual, with continuous track
circuits, are the Chesapeake & Ohio, 29 miles ; Chicago, Burlington & Quincy, 61 miles; New York Central & Hudson River, 70
miles (234 miles of track) ; Pennsylvania, 14 miles. The electric
staff is in use on 20 roads, but only five of these have more than 10
miles each. These five are the Atchison, Topeka & Santa Fe, 34
miles; Chicago & Alton, 18 miles ; Great Northern, 15 miles;
Southern Pacific, 101 miles; Union Pacific, 11 miles.
The 100 roads on which manual block signals are in use
report the number of block signal stations as 9,438, and 2,600 of
these stations (on 62 roads) are closed part of the time.
On 23,196 miles of road worked by the manual block system,
most, or all, of the block stations have but one signal each for
movements in each direction. This signal is usually fixed oppo-

site the station office, and trains ordinarily are allowed to pass a
signal indication "stop" sufficiently far to stop the ears at the
station platform. About 3,600 miles of the lines here referred to
are double track.
Automatic block signals are now used on about 11,000 miles
of American railroads.
Definitions of Various Terms Used in Block Signaling. In
order to understand the working of a block system, there are a
number of different terms which must be defined, as railroad signaling is a comparatively new art which is rapidly growing, and
its nomenclature is unsettled.
Block Signal. The block signal is a fixed signal at the entrance of a block section, used to give indications regulating the
movement of trains in that section.
Block Section. A block section is a section of tracks of defined length, the use of which is regulated by a fixed signal at the
entering end, or on a single track line by such signals at
both ends.
Home Signals. A borne signal is a fixed signal situated at the
point at which trains are required to stop when the signal does
not indicate proceed. As a block signal it stands at the entrance
of the block. It is also used to protect switches, crossings, draw
bridges, etc. When a home signal shows clear, it indicates that
the track governed by the signal has been made ready for the
movement of the train on it. When a manual or controlled manual
block system is used, the home signal must not be passed except
upon orders from the proper authority.
Semaphore home signal arms are usually made with square
ends to distinguish them from distant signals, the arms of -which
are made with forked ends. Sometimes a further distinction is
made by using arms with pointed ends for automatic home block
signals, and square end arms for other home signals.
Advance Signal. An advance signal is one which has the
same function as a home signal. It is placed some distance in advance of the home signal at a block or interlocking signal station.
It provides a short block system in which the signalman may hold
a train while not interfering with the movement of trains in the
main block section, either in advance or in the rear. The signalman can accept another train from the rear block as soon as the
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arriving train has passed completely beyond his home signal, and
he can hold the arriving train at the advance signal until the block
in advance is clear.
Distant Signal. In order to run a train safely at a given speed,
it is necessary to keep the engineer informed at all times of the
conditions of the track in front of him, so that be may know that
it is proper for the train to proceed. If it is not safe to proceed, the
engineer must be informed at a point sufficiently far away from
the stopping point, in order to enable him to bring the train to a
stop before entering the danger block. Of course, the higher the
speed of the train the greater the distance from the stopping point
should the indication to stop or to proceed be given. This distance
generally carries from 1,500 to 2,000 feet or more in the rear of
a home signal. This distance indicated is therefore known as the
distant signal, and is generally so interlocked that it never can be
cleared until the home signal is clear, and should there be other
signals for that track, the distant signal is so interlocked that all
of them must be cleared before it can be cleared.
In the automatic block signal system the distant signal is
controlled by the borne signal, and is usually mounted on a post
with the first home signal in the rear. When the three-position
automatic block signals are used, each signal gives a distant indication for the next signal in advance.
Caution Signals. A caution signal is a signal indication which
denotes that a train may proceed under some restrictions, with
the understanding that a preceding train moving in the same
direction may be overtaken at any point in the block section, and
that, therefore, the speed must be very slow, except when the engineer is able to see a clear track for a considerable distance ahead.
A caution signal is sometimes used so that it means proceed, in
which case the next home signal will indicate stop. Should the
home signal become clear when it is reached, the caution signal
does not then, of course, have any value.
Permissive Block Signals. Permissive block signaling permits
one or more trains moving in the same direction to enter a block
section before the last preceding train has passed out at the other
end. In such cases the following train is allowed to proceed slowly
expecting to find the track Mocked, and the engineer must be prepared to stop without being warned by a flagman or otherwise.

Permission to proceed is given by a written card from the signalman, or by a signal indication such as the intermediate position of
a three-position signal or by a flag or hand lantern. In automatic
block signals the practice is generally permissive, because if a
signal is out of order and indicated stop, the line would be blocked
until the signal could be repaired. The most common rule for permissive block signals, where automatic signals are used, is to stop
at a signal indicating stop, wait one minute, then proceed through
the block with speed under control. On some special lines or
single-track roads it is a rule to send a flagman ahead before proceeding. Permissive signaling, however, is ordinarily only
allowed with freight or slow-speed trains, absolute blocking being
enforced before and behind passenger trains.
Clear Signal. A clear signal always denotes the position of a
signal, which indicates that the train may proceed.
Distant Switch Signal. A distant switch signal is one arranged
like a mechanical distant signal, but is only to indicate the position of an outlying switch. Its lever is usually interlocked with
the lever of the switch. It had its widest use before block signals
came into extensive use.
Dwarf Signal. A low semaphore signal, which is used for
giving indications for low-speed movements, is generally termed
a dwarf semaphore signal, and they are used generally with an interlocking plant for determining the movements of a train in the
reverse direction to the current of traffic on or from a side track.
They are also used to give indications in the normal direction, as
in the case of movements of a train from the main track to the
side track, and they are frequently used at terminals in the normal
direction.
Three-position Block Signals. On some roads semaphore signals are used which give three different indications, and are generally used to provide the protection of distant signals without the
duplication of signal arms usually involved. Each signal arm is
so arranged that it must be put in any one of three positions, the
position depending upon the rules of the particular road upon
which it is equipped. In the most usual form of manually operated signals the horizontal position on the arm indicates stop, the
arm inclined downwards 45 degrees, caution, and inclined clownward about 75 degrees, proceed. On a few roads the arrangement
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for horizontal is stop, upward 45 degrees, caution, and downward
45 degrees, proceed. The signal goes to the stop position when the
train enters the block; -when the train has cleared the block it
moves to the caution position, and remains in that position until
the next signal in advance goes to the caution position, when it
goes to the clear position. A train is thus always protected by a
stop signal in the rear, and a caution signal one block further back.
At night a red light indicates danger, yellow light caution,
and a green light dear.
Manual Block System. The Manual block system is the
simplest form of block system in general use. The signals at a
block station are moved by hand by an attendant on information
conveyed to him from adjacent block stations by telegraph, telephone or electric bells. With the manual block system the blocks
are of different lengths, each block station having two home signals,
one to govern the movement• of trains in each direction. In order
to more closely regulate the speed of trains, distant signals and
advance signals are generally used. All of these signals are
moved by levers in the signal tower, and stand normal in the stop
position, being cleared only on the approach of a train, and if
the block ahead is dear they return to the normal position after
the train has passed.
This system differs from the automatic block signal system
and the controlled manual block system in the respect that in the
former the signals are worked by electrical or magnetic power
controlled automatically by the train as it passes in and out of a
block section, and in the latter system it differs from the manual
block system because electric lockine.
s. devices are attached to the
levers by which the signals are moved, so that in order to admit
one train to a block the simultaneous action of the signalman at
both ends of the block is required.
Since 1898 the use of manual block signaling has been quite
rapidly extended throughout the country, and it now covers ot•er
40,000 miles of road, besides several thousands more on which the
protection is less complete. This manual signaling is on lines
which carry a considerable traffic, but which yet are not profitable
enough to justify the initial expenditure necessary to install automatic signals. But as fast as automatics can be afforded many

companies are substituting them for the other systems; for, once
installed, their operation, requiring no signaling, is much less
costly.
Controlled Manual Block Systems. As explained above, the
controlled manual block system makes it necessary that both signalmen must work simultaneously in order to clear that block.
This is done by means of electric Mocks which are attached to the
signal levers and controlled from the adjoining block stations.
The controlled manual block systems have the additional advantage
that by the addition of a complete track circuit throughout the
length of the block sections, provision is made against collision due
to the accidental breaking of a train. Because as long as part of
the train is in one block it is impossible for the signalman to give
a clear signal, as he ordinarily would if part of the train passed
and the other part remained in the block.
Electric Train Staff System. The electric train staff system is
a method for regulating the movement of trains on a single track
railroad.
Automatic Block Signal Systems. An automatic block signal
system is a series of consecutive blocks. An automatic block signal is one which is worked by electric or pneumatic agency,
which is controlled by the passage of the train into, through and
out of the block section to which the signal is connected. The entrance of a train in the block sets the home signal at stop, and the
clearing of the block section by the passage of the train out of it
sets that signal clear. The apparatus is generally so arranged that
the misplacement of a switch or the accidental entrance of a car
from a side track will sel the signal at stop.
Danger, Caution or Clear Indications. There are several ways
of indicating a danger, caution or clear condition of the track,
among which are: First, colored systems; second, position systems; third, motion systems. A type of the first is a colored disc
moving before a white surface, the second a blade or semaphore
which is held at various angles to the track. When horizontal the
danger or stop is indicated, and when nearly vertical. proceed
or clear. Semaphores may be colored also, and thus become of the
first type. The third, or motion signal, utilizes a revolving member, -whose motion indicates that an approaching train may con-
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tinue to move, and when stationary that the engine must come to
a stop. This latter system, however, has been abandoned.
Normal Clear vs. Normal Danger Signals. The position of a
signal may be either normally at clear or normally at danger.
Automatic block signals in their simplest form are called "normal
clear," because at all times, when their block sections are unoccupied with the switches closed and all apparatus in working order,
the home signals stand at "clear," indicating "proceed." In the
"normal danger" system the home signals indicate stop at all
times, even when the block is clear, except when a train is approaching, and then they indicate "clear" only when block is clear.
This latter practice resembles manual signaling, except when it
is necessary to clear them for the passage of a train.
There has been a large amount of argument as to whether it
is better to use normal danger or normal clear circuits, each of
which has its advocates. In general, however, it is better to place
the dependence of a safety condition or a danger indication upon
the opening of a circuit rather than upon its closing. In the low
voltage circuits used in signaling there is greater certainty in
opening than in closing a contact. This is because a poor connection may introduce a sufficient resistance to oppose the desired flow
of current.. With a close circuit type, with an open switch, the
track must be short-circuited to let the signal at danger, and with
the open circuit arrangement the signal circuit must be open to
let the signal at danger. This latter is obviously the most reliable,
as a poor contact will merely mean false contact condition, while
in the primary it will set up a false clear signal.
So far as preventing accidents is concerned, the normal
danger position is considered the best, and has been used extensively on systems using the mechanically operated semaphores,
while on electric operated circuits the normal danger position is
also favored. The normal danger system admits of the employment of normally open track circuits. This condition allows the use
of open circuit batteries with consequent economy of operation.
The circuits are closed in the preceding two blocks by the approaching train, and should anything be wrong with the block, the track
relays will receive no energy.
With the normal clear system, the dosed circuit gravity cells

are employed, which require frequent attention and renewing, and
it has been the continual heavy demand upon track batteries by the
low resistance track relays under a clear condition that has been
one of the greatest disadvantages of the normal clear system.
In a normal danger system the indication members are
always in the danger position, except when a train is approaching
them. In all the normal clear systems the signal semaphores or
discs are in the clear position at all times, except when a train is in
the block protected, or an otherwise dangerous condition exists.
This implies that the clearing or retaining devices are normally
in circuit with the power battery, and that their control is the
effect with front relay contacts.
Cemparing the extent of mileage used by the two systems,
the data published by the Interstate Commerce Commission, January 1, 1008, shows that there were 14,354 miles of track operated on the normal clear system, and 4,157 miles operated on the
normal danger system, the total mileage of track operated by the
automatic signals being 15,511.
False Signals. There are a number of conditions in either
type of circuit which may set. -up false or dangerous conditions in
a signal system. The failure at danger can only wrongly . delay
a train; but failures at clear, by giving the engineer a clear indication when such may not be safe, are the ones which are the most
dangerous. Such failures, however, are very few in practice.
Among the causes of false clear conditions are, fusing of
control contacts, improperly counterweighted tracks or semaphore,
breaking of the color spectacles, rusting of the sliding parts, stray
currents, residual magnetism in relays, imperfect contacts, foreign matter in relay boxes, crossing er grounding of wires, breaking of mechanical connections, poorly insulated el wait wires, etc.
Failures at danger may be caused by a broken rail, bond wires
rusted off, or broken leakage of current between the tracks, broken
wires in the relay, track battery or signal circuit, track or main
battery being exhausted, poor connections, unsoldered joints and
open circuit at motor commutator, etc.
Semaphore Signals. Of the many signals in use at the present
time the semaphore type is the most popular, and the tendency is
now to adopt this type as a standard. A semaphore has a long
blade riveted near one end to an upright post at a convenient
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height, so that it may be clearly seen at a distance. The short end
of this blade is fitted with a light casing, with two or more holes
for inserting colored hull's-eyes of sufficient size to permit of their
being seen at a distance at night, when a light is placed behind
them. This blade is suitably connected by means of a connecting
rod to a mechanism usually at the base of the post, so that it can
be turned around its pivot through an angle of about 60 degrees.
In the horizontal position the semaphore indicates danger, and

;
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order signals; Fig. 4 represents a round end semaphore used for
a train order signal, for a block signal or for an interlocking signal under special rules.

Crow,
■■••••

)14

Fig. 1.
SQUARE END SEALAPI1 ORE BLADE,
USED FOR HOME SIGNALS.

Fig. 2.
=NOTCHED OR FISH TAU. SEMAPHORE BLADE, USED FOR
DISTANT SLONALS.

when pointing downwards indicates clear. In the daytime the engineer is governed by the position of the blade, whereas at night
a light is made to shine through a red bull's-eye for danger, and
through a green bull's-eye for clear. The adoption of a green
light to indicate clear, instead of a white light, has been occasioned
by the fact that white lights in the vicinity of the signal were often
mistaken at. a distance for the signal when the signal light was out,
and in the case of a broken red glass a clear indication would be
given instead of danger.

Fig. 5.
Fig. 6.
TWO-POSITION SEMAPHORE HOME BLOCK SIGNALS.
The most general arrangements of home and distant semaphore signals are shown in Figs. 5, 6, 7, 8, 9, 10, 11, 12 and 13.

wwy

{

Fig. 3.
POINTED END SEMAPHORE.

Fig. 4.
ROUNDED END SEMAPDORE.

Figs. 1, 2, 3 and 4 represent the shape of semaphore blades
in general use. Fig. 1 represents the square end semaphore blade
used for block and interlocking home signals; Fig. 2 represents a
notched or fish-tail semaphore blade used for block and interlocking distant. signals; Fig. 3 represents a pointed-end semaphore
blade usually used for automatic home block signals or for train

Fig. 7.

Fig. S.

Two- POSITION SEMAPHORE DISTANT BLOCK SIGNALS.
Figs. 5 and 6 represent semaphore home block signals in two positions, Fig. 5 representing the arm in stop position, and Fig. 6
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when the block is clear. Figs. 7 and 8 represent two positions of
a semaphore distant block signal, Fig. 7 showing the arm in caution, which indicates to the engineer that he must be prepared to
stop at the next home signal, and Fig. 8 indicating that the next
home signal is in the proceed position and that the block in advance is clear. Figs. 9, 10 and 11 represent semaphore and distant block signals on the same post, Fig. 9 showing home arm
horizontal, indicating stop, black occupied, and distant arm horizontal indicating be prepared to stop at next home signal. Fig.

shows clear position, indicating proceed, block is clear and next
signal in advance is either clear or in caution position.
Enclosed Disc Signals. Besides the semaphore, or position and
color system, there is a system of signals used on the Lehigh Valley,
Philadelphia & Reading, and Chicago & Northwestern Railroads
known as the Hall System. This system is purely a color system,
he general arrangement of which is shown in Figs. 14, 15, 16
and 17. The home banner is shown in Fig. 14, which may be
made of red silk, cotton or aluminum, and is abort 18 inches in
diameter. Below the home signal is a distant banner, which is of
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Fig. 12.
Fig. 9.

Fig. 10.

Fig. 11.

SEMAPHORE DOME AND DISTANT SIGNALS ON SAME POST.
10 represents home arm cleared and distant arm at caution, indicating proceed, block is clear, but next home signal is in stop
position. Fig. 11 shows both home and distant arms in clear
position indicating proceed, block is clear and next home signal in
advance is also in clear position.
When the three-position semaphore block signal is used, the
indications are shown in Fig. 12 or Fig. 13. The horizontal arm
in each case represents stop ; the arm in the inclined position shows
caution position, indicating proceed, block is clear but next signal
in advance is in stop position. The arm in the vertical position

THREE-POSITION SEMAPHORE BLOCK SIGNAL, DOWNWARD
INCLINATION.
green fabric, as shown in Fig. 16. The inside of the case is
painted white, so that when the discs are drawn aside the inside of
the case will show white in distinction to the surrounding case,
which is painted black. Lamps are placed back of small openings
at L. which openings contain red or green glass of the same colors
as the disc. These, of course, are used for night signaling.
This system is a normal danger system, as the tendency of
gravity is to hold the discs in a position so that they will always
show danger unless the magnets are energized by an approaching
train.
Advantages and Disadvantages of Disc Signals. The advantages
of the enclosed disc signal are the protection of the moving parts
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against the weather; and the small power required to operate the
moving parts, only about 2 r watts being necessary to energize the
•lectro-magnet which operates the banner.
The disadvantages claimed against. the enclosed system are
the tendency of sleet and snow to obscure the disc by covering the
glass, and thus giving a white effect ; the reflection of the sun on

Hall Revolving Signal. In order to give more positive indication of the position or indication of a given signal, the Halt revolving signal has been devised. It consists of a semaphore arm
pivoted at the center, as shown in Figs. 18 and 19.
The principle of the signal is motion, not position. Its lan-

Fig. 14.

Fig. 15.

DISK HOME BLOCK SIGNAL.

guage to the engineer is: If I am in motion, you can be; if I
have stopped, you must stop.
As a day signal, its revolution makes it far more distinct
with a bad landscape background than a signal at rest in a defined
position for safety. For night signaling, the lantern, shown in
Fig. 19, gives the usual steady red light for danger, but there is
Fig. 13.
THREE-POSITION SEMAPHORE BLOCK SIGNAL, UPWARD
INCLINATION.
the glass in front of the banner may prevent the engineer from
seeing the banner, and the glass spectacles are likely to fall out.
The mechanism of the enclosed signal apparatus is very simple. It consists of an electro-magnet whose armature moves a
member to which the banner and disc and colored glass are attached. The indications are always danger except when the circuit is closed, in which case the magnet is energized if the tracks
ahead are clear, which turns the banner and spectacle around, causing the indication to show white. When the train passes out of
the block, the circuit. is again open and the signal is again automatically returned to danger.

Fig. 16.

Fig. 17.

DISK DISTANT BLOCK SIGNAL.
no spectacle in the semaphore to get broken, and thereby show
safety when it should be danger, as in the case with the ordinary
position.
The semaphore revolving in front of the bull's-eye flashes the
light, thus making a safety signal absolutely distinct from all carrounding city lights, and preventing trouble from color blindness.
89
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The engineman knows that the semaphone is revolving because
by that means the light is flashed. The semaphore blades make
ten revolutions per minute, therefore there are twenty obscurations
and flashes per minute. When the light is not being flashed, the
engineer knows the semaphore is at rest, indicating danger, and
gives at night substantially what is given in the daytime.
The signal can either be applied as an "automatic" signal or

the system to change the signal from the indication of safety to
that of danger. The presence of a train in the block beyond the
signal cuts out the track battery. This is electrical law, and
can therefore be depended upon. This source of power being removed, the signal can only complete its last revolution. In doing
so, it mechanically forces all mechanism in the system to the required condition of the danger indication. As the movement of
the signal indicates safety, should there be a movement to the
mechanism as above described the signal is a danger signal because
it cannot revolve. Therefore. failure from any cause can only indicate danger, and it is, therefore, impossible for this signal to remain at safety behind a train.
2. Foreign currents (say trolley currents) cannot cause a
signal to indicate safety behind a train. This is accomplished
without extra contact points, relays, or insulated rail joints.
3. Permissive block is safe as regards the signaling system,
because it is impossible for a signal to continue at safety behind a
train.
4. Sparking by the opening of the motor circuit is not a
source of trouble, and should lightning weld any contact points
the signal can only indicate danger.
Manual Black System. Any semaphore system of blocking
trains may be operated by means of levers located in the switchman's tower, and suitably connected with the signal through bell
cranks and connecting rods or steel wires, or even by compressed
air controlled by electrically operated valves, but such a system
requires the constant attendance of an operator to properly set the
signals. The physical effort required to operate mechanically controlled signals limits the distance at which they may be placed
from the tower, and in case of compressed air it is necessary to
supply a suitable air compressor equipment for each tower. Signals when thus operated will necessarily be placed further apart,
and distant signals must be dropped from the same pole as the
home signals and placed near the tower from which they are controlled. In this instance the signals are so placed that the sections
they control overlap, that is, a certain short. section will be controlled by two signals, one at the beginning of the block, and the
other at the beginning of the next block, so that if a train should
break down immediately after passing a signal the preceding sig-

mcur

51IP.A61.1H0

DANGER

Fig. 18.

Fig. 19.
HALL REVOLVING SIGNAL.

be operated from a signal tower. The usual overlap, or a home
and distant signal on the same post, may be used.
Normally, the signal is in the horizontal position, signifying
danger, in the same manner as the ordinary position semaphore.
Should it from any cause fail to assume the horizontal position,
it is nevertheless a danger signal, because it is not in motion and
its mechanism stops it in the horizontal position.
The principle of revolving the signal to indicate safety is so
utilized in the above signal that the following claims are made
for it:
1. No dependence upon automatic mechanism in any part of
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nal could not clear ; thus an approaching train would be sufficiently
warned to prevent its colliding with the disabled train.
Interlocking Signals. The function of all fixed signals, no
matter by what name they are called, is to inform the engineer
whether or not he may run past the signal, and if he is allowed
to pass, on what conditions may he proceed. The engineer depends entirely upon the signal, and is guided in handling his train
by the position of the signal before him. In order to prevent the
signalman from giving a clear signal simultaneously to two trains
moving in opposite directions the interlocking system was devised.
Interlocked signals are operated from an elevated signal
tower by means of rods or wires supported near the ground at
regular intervals by ground rollers. Two wires are as a rule used,
the first wire being the signal at clear, and the second, or return
wire, is used in order to make sure the proper return of the signal
to the normal or stop position, although the counterweight alone
should perform this function.
Requirements of Interlocking. In order to secure a reasonable
degree of safety, it is essential that the following requirements
be met:
All derails, movable frogs, locks, switches and home signals
should be worked by pipe; signals worked by wire should have
two wires, front and back; all pipe and wire lines should be auto•
matically compensated for changes in temperature; all derails,
movable frogs and facing point switches should be provided with
duplex facing point locks, so arranged that the normal plunger
cannot lock the switch reversed, and vice versa; all cranks and
pipe compensators should be fixed on rigid foundations set in best
quality concrete; no facing point switch more than 600 feet from
the cabin should be taken into the system ; no lever should be
overloaded by putting on it such a number of switches or bars as
to prevent a man of average strength from throwing it with one
hand.
The general arrangement of interlocked switches and signals
is the same no matter how complicated the system may be, the
main function of the interlocking feature being, as mentioned
above, to prevent the display of conflicting signals.
Interlocking Machines. The interlocking machine, as shown
in Fig. 20, consists principally of as many levers placed side by

side on a common shaft as are necessary to move the switches and
signals. Two switches may be moved by a single lever, and two or
more signal arms on the same position as near it may be operated
by the same lever, the position of the switch connections being
made to govern the switch of the arm to be moved. The operator
grasps a lever primarily to pulling and lifts the latch rod, and in
so doing turns the locking shaft on its axis, the latch acting
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Fig. 20.
JOHNSON INTERLOCKING MACHINE,

through the link This moves one of the interlocking bars lengthways, and by means of cross locks obstructs the movement of some
other bar. This operation, called preliminary locking, insures that
no lever shall be pulling until all conflicting levers are fastened in
a safe position. The latch, having performed its locking function,
and having interlocked the lever, is pulled over and the latch is
allowed to drop, after which it may be moved to the position
desired.
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To convey a dear idea of the operation of the locking, in an
interlocking machine, it will be necessary to give an explanation
of preliminary latch locking. A lever in a machine is held in position until the latch rod foot has been raised above the quadrant by
the raising of the latch handle. Through the rocker and locking
shaft this movement of the latch handle imparts one-half of the full
throw to the longitudinal locking. This, in turn, actuates the
cross locking and locks all conflicting levers that before this action
were unlocked. It keeps locked all levers that should remain
locked until the lever is moved to its opposite position and the
latch rod foot has, by the lowering of the latch handle, engaged
with the stop on the quadrant. This holds the lever in position
and completes the throw of the longitudinal locking. When a signalman desires to operate a lever, he raises the latch handle. This
imparts an upward motion to the latch rod and rocker die and
gives the rocker one-half of its full throw. The rocker transmits
an upward motion to the universal link. This, through the
medium of the crank, turns the locking shaft. Turning the locking shaft gives, through the locking bar driver, one-half of the
throw to the longitudinal locking; and this, in turn, gives the full
throw to the cross-locking. When the lever is fully moved to the
opposite position, the latch spring forces the foot of the latch rod
into engagement with the stop on the quadrant, thereby imparting
the other half of the throw to the rocker, and consequently to the
longitudinal locking. It can readily be understood that throwing
the lever does not transmit any motion to the locking, and that it
is impossible to release a lever which should not be thrown because
the latch cannot be raised. As very little power can be applied to
the latch handle, the strain on the locking is small compared with
that in machines where the locking is actuated by the movement
of the lever.
Dog Charts. A dog chart is a diagrammatic representation
of the mechanical locking for an interlocking machine, and is
used as a working plan in making up and fitting the locking. 13efore proceeding to make a dog chart, it is necessary to ascertain
from the locking sheet whether or not any two or more levers lock
any other lever or levers in certain positions. Dog charts for interlocking machines are made to suit the conditions. Fig. 21 represents a dog chart for a cross-over on double track.

The long horizontal lines represent the locking bars, and are
numbered in the order in which they are placed in the machine,
commencing with the one next to the levers. A small circle drawn
on this Iine shows by which lever the bar is worked and where the
connection is made. Locking brackets are numbered to correspond
with the levers. Cross locking is stamped with the number of the
bracket in which it is to be placed. It is also stamped at each end
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Fig. 21.
SAXBY AND FARMER'S DOGCHART AND LOCKING SHEET.

with the number of the locking bar under that end. This is done
in order that the bars and cross-Iocking may be easily replaced in
the machine if they have been removed for any reason. The crosslocking is represented as being placed close to the dog by which
the locking is performed ; the clearance necessary to allow it to
be moved is left next to the other dog. This is done in order to
facilitate reading of the dog chart by showing which lever does the
locking. When one lever locks two or more levers the cross-locking is notched for as many dogs as there are levers to be locked.
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Reversal of the locking lever forces the cross-locking over against
the dogs of the other levers and locks them. If one of the other
levers has been reversed, the cross-locking will strike against the
dog of that lever and prevent the lever from being reversed.
Locking Sheets. A locking sheet is an arrangement used by
the signalman which gives in tabular form a statement. of the
locking operations which are provided for in a given interlocking machine. It shows the sequence in which levers must be locked
and unlocked preparatory to giving clear signals for each route in
the plant. An interlocking plan and locking sheet for cross-overs
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Fig. 23.

Fig. 24.

STOP AND PROCEED POSITIONS OF ONE-ARM SEMAPHORE INTERLOCKING HOME SIGNALS.
on a four-track road, using double-slip switches with movable joint
frogs, is shown in Fig. 22.
Semaphore Interlocking Signals. The various signal indications are arranged so that they all show the same consistent meaning, whereby only one train can occupy the same place at the same
time. Figs. 23 and 24 represent a one-arm semaphore interlocking
home signal, Fig. 23 representing stop, and Fig. 24 proceed.
Figs. 24 and 25 represent a one-arm semaphore interlocking distant signal, in which Fig. 25 represents caution, and Fig. 26 represents proceed. Figs. 27, 28 and 29 represent a two-arm semaphore interlocking home signal, and Figs. 30, 31 and 32 repre-
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sent a two-arm interlocking distant signal. Fig. 27 represents
stop, no route is dear; Fig. 28 represents proceed over high-speed
route; Fig. 29 represents proceed over inferior or low-speed route;
Fig. 30 represents caution, indicating that both corresponding
home signals are stop; Fig. 31 represents the top arm clear, indicating that home signal for main route is at proceed; and Fig. 32
shows the lower arm clear, indicating that home signal for inferior
route is at proceed.
There are a large number of other arrangements which may
be used, such as three-arm and five-arm arrangements, etc.

two. With power, switches and signals can be worked at any desired distance .from the cabin; the apparatus being so safeguard «1 that switches must actually be moved and securely locked
in the proper position before a signal governing movements over
them can be cleared. Each signal, when cleared, automatically
locks the lever operating it in such a manner as to prevent the release of levers controlling conflicting signals and switches until
such signal has been again completely moved to the stop position,
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Fig. 25.
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Fig. 26.

ONE-ARM SEMAPHORE INTERLOCKING DISTANT SIGNAL.

Fig. 27.

Fig.

2S.

Fig.

29.

.two-Ai M SEMAPHORE. INTERLOCKING HOME SIGNALS.
Power Interlocking. The fatigue incident to working mechanical levers at a busy plant is often severe, so that if the plant is
large it is sometimes necessary to employ as many as eight men for
each of three shifts of eight hours each. Moreover, under certain
conditions it is costly to operate such a plant. Where the distance
between the extreme switches to be operated is over 1,600 feet it
is generally necessary to provide two mechanical interlocking
cabins.
To overcome these and other disadvantages, power interlocking has been devised in which the various functions are worked
by air under pressure, by electricity or by a combination of the

thus effectually providing against the simultaneous display of two
conflicting clear signals. There being no moving parts between
cabin and switches and signals, wear of mechanism, lost motion
and the troublesome effects of expansion and contraction of metal
connections are eliminated. Much less room is required for leadout connections than in a mechanical plant, valuable space . thus
being saved. Cabins may be much smaller and of lighter design.
The operation at the machine requires so little physical exertion
that one man can do an amount of work that in a mechanical
rlent would require three or four.
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Systems of Power Interlocking. There are three systems of
power interlocking in general use, electric interlocking, electropneumatic interlocking, and low-pressure pneumatic interlocking.
In the electric interlocking system the switches and signals
are operated by electric motors, the current to actuate them being
furnished by a storage battery charged from a dynamo driven by
an electric motor or gas engine. Control of the valve functions
is effected through an interlocking machine.

Year each cylinder is a small reservoir to provide a sufficient supply of air to insure quick action of the piston at every operation.
The admission and exhaust of air in the cylinder are governed by
electro-magnetic valves controlled by the wires from the interlocking machine.
In order to avoid trouble from moisture condensing and freezing in the small air passages, the air on leaving the compressor is
passed through a condenser consisting of a number of cooling pipes,
and a large percentage of the moisture is removed. Any remaining
moisture is neutralized by alcohol, which is placed in the pipet)
and reservoir in freezing weather.
In the low-pressure pneumatic interlocking system, the interlocking apparatus is worked by compressed air at a low pressure
of about 15 pounds per square inch. This system has no electric
features, the compressed air in separate pipes being employed to
control the admission of pressure to the switch and signal cylinders.
Pressure is admitted to working cylinders by valves actuated by
large rubber diaphragms which are worked by air at seven pounds
pressure. The lever of a switch cannot complete its stroke until
the switch has actually moved to its proper position and conveyed
an indication of the fact to the cabin.
Electric Interlocking System. There are a number of different electric interlocking systems in general use, the best known
being built by the General Railway Signal Co., the Union Switch
and Signal Co., the Federal Signal Co., and the American Railway Signal Co.
General Railway Signal Co.'s Electric Interlocking System.
In this system switches and signals are operated by electric motors,
the current to actuate them being usually furnished by a storage
battery charged from a dynamo driven by an electric motor or a
gas engine. Control of the various functions is effected through
an interlocking machine. The release locking, or indication, is
effected by an electro-magnetic device located immediately below
each interlocking lever, these magnets being energized by a
dynamic current furnished by the switch or signal motor controlled by that lever ; the arrangement is such, however, that this
cannot occur until a switch has moved to a position corresponding
with that of the lever and is properly locked in that position, or
when a signal arm has assumed the full horizontal position. Pre-
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Fig. 30.

Fig. 31.

Fig. 32.

TWO-ARM SEMAPHORE INTERLOCKING DISTANT SIGNALS.
In the electro-pneumatic interlocking system the operating
power is usually supplied by means of air compressed at some
convenient point, stored in one or more reservoirs and conveyed
to each function by suitable connections. The control of this power
is effected by means of electro-magnets, the necessary current being obtained from any source, such as primary or storage batteries' or from a generator. The ordinary air pressure used is
about 70 pounds per square inch, although most apparatus will
work satisfactorily with any pressure between 50 and 100 pounds.
The air pressure acts on the piston of the cylinders, fixed to the
signal piston or to the ties near the switch, as the case may be.
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cautions are taken in both circuits and mechanical arrangement to
prevent crosses in circuits from resulting in the improper movement of a switch or in a signal giving a false "proceed" indication.
A switch failing to complete its movement owing to some obstruction in the switch point, or for any other cause, may be restored to its original position, and the lever operated back and
forth, thus frequently dislodging the obstruction, and preventing
failure and incidental detentions.
Federal Signal Ca.'s Electric Interlocking System. This electi:c interlocking machine is similar to the Saxby and Farmer
mechanical interlocking machine, except that it is equipped with
circuit controlling and indicating devices which adapt it to use in
electric interlocking.

Union Switch & Signal Co.'s Electric Interlocking System.
The electric interlocking system of the Union Switch & Signal Company has been under development some three years, and
since 1904 has been in railroad service.
This interlocking machine, an end and front elevation of
which is shown in Fig. 33, and a rear view in Fig. 34, resembles
very much in general appearance the well-known electro-pneumatic
machine, and the levers have the same movements. The preliminary movement, limited by the indication latch, effects the locking
of all levers whose movements would conflict with the new position of the lever. The final movement, which can take place only
after the indication is received, unlocks all levers whose movements
would not conflict with that position of the lever. The preliminary movements in reverse directions overlap to such an extent
as to permit a range of movement sufficient to throw the electric
controlling switch from one controlling position to the other at
the will of the operator.
The switch points are made to follow the movements of the
lever by sending a current through one or the other of two independent series of field windings on the switch-operating motor,
which causes rotations in opposite directions. Each independent
switch requires one lever, but any two switches which must be
operated simultaneously, as two switches of a cross-over, have but
one lever.
The signal levers stand normally in the middle position, and
are moved to the right or left for the purpose of operating appos-
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ing signals. Two or more signals, governing diverging routes, are
also controlled by one lever when the signals are those operated by
one motor, as, for instance, when two or three arms are carried by
one post. The selection between the arms in this latter case is
effected by means of selectors operated by the switch points themselves, or by the levers which control the movements of the points.
In the accompanying cuts, Figs. 33 and 34, the interlocking
machine is shown equipped with a stroke completing attachment,
which comprises a swinging arm, loosely pivoted to each lever
shaft, and pawls carried by the frames of the indication quadrants
for engaging these arms. The arms are all connected by means of
a bar extending the full length of the machine, and are made to
oscillate by means of a motor connected to the bar through an eccentric. When an indication is received, the indication latch lifts
a pawl engagement with one of the swinging arms, and the lever
is thereby rotated through the final part of its movement. The
circuit to the motor is controlled by a relay, the exciting coil of
which is placed in the main lead between the battery and the machine. Controlled in this way, the motor is only in action when
required for completing the stroke of a lever.
The indication part of the system is worked in the following
manner: The commutator of the motor is provided with a collector ring and a brush bearing thereon. The collector ring is
connected electrically with one segment of the commutator. At
the end of the movement the automatic controller changes the path
of the current from the operating brush, bearing on the commutator to the indication brush, bearing on the collector ring, at the
same time cutting out the magnetic clutch. The motor then continues to run light, driven by current from the battery, which current is caused to undulate by the varying position of the segment
to which the collector ring is attached. This undulating current
induces an alternating current in the secondary of a transformer,
and this alternating current drives a small induction motor which
releases the indication latch in the manner hereafter described,
and permits the completion of the stroke of the lever on the machine.
It will, therefore, be seen that the indication is brought about
by utilizing the battery current, which is transformed into an
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alternating current•, and the system, in all of its movements, can be
operated through a wide range of voltages.
The indication motor previously referred to has its armature
shaft in a vertical position, to which is attached a piece of centrifugal apparatus very similar in construction to the well-known
form of governor used on the steam engine. The rapid rotation
of the armature causes the weights to separate, and through a system of levers to lift the indication latch and release the lever.
This mode of construction makes it necessary to have a very rapid
rotation of the indication motor armature to produce the desired
effect, and this rotation can be secured only by a rapid succession
of alternating impulses in the coils of the motor. A direct current
through these coils has no effect other than to lock the armature
against rotation. Single impulses, which may be caused by making or breaking a circuit, will cause the armature to move through
not more than ten degrees, and a succession of such impulses, following each other as rapidly as it is possible to make and break
a circuit by hand, will cause only a step by step movement of the
armature, each step being about ten degrees, the armature coming
to a full stop at the end of each step, so that impulses produced in
this manner will not cause the weights to move from their position
of rest against the armature shaft. From this it will be seen that
no condition of improperly connected wires, either of a fixed or
swinging nature, which makes and breaks contact, will give rise to
a false indication.
Fig. 35 is a plan and a side elevation, showing a switch and
its operating mechanism. The switch and lock movement is driven
by a direct current motor of about 11 II. P., designed to be operated at 110 volts. The shaft of this motor is connected by means
of a magnetic clutch to a shaft extension in the same line, working a cam drum, which operates the switch and lock. Intermediate between the magnetic clutch and drum there is a reduction
gearing with a speed ratio of 25 to 1.
It will be noticed that there are two cams on the drum, one of
these working the lock rod and detector bar, and the other the
switch connection being made to the detector bar and switch
through cranks. The lock is worked direct by a straight bar
which slides longitudinally underneath the cam, motion being imparted by means of a lug fitting the cam slot. It will be noticed

that in each case the cam slot, for a portion of its travel, moves in
a plane at right angles to the shaft, so that while that portion is
passing the hub on the driving bar or crank no movement of the
latter takes place ; it is only while the hub is engaged by the
diagonal portion of this slot that movement is imparted to the
switch or lock mechanism. The operation is, therefore, on the
principle of the switch and lock movement, and briefly is as fol-

Fig. 35.
PLAN

AND SIDE ELEVATION OF :IN ELECTRIC SWITCH AND
LOCK

MOVEN! ENT.

lows: When the drum is revolved by the motor, the lock rod and
detector bar immediately begin to move, and as soon as these have
completed their stroke the motions of these mechanisms cease and
the movement of the switch begins. After the switch has been
moved over against the stock rail, further motion of the lock bar
locks the switch, and at the same time operates a knife switch
which opens the control circuits and closes the indication circuit.
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The cam drum is reversible, so that the movement can be
operated either right or left, the position of the motor and clutch
remaining the same, merely by changing the drum end for end.
The motor, clutch and drum are all attached to a steel base plate.
The direction of rotation for reversing the switch is controlled
by means of a double field winding, one of which is cut out while
the other is in circuit. 'When the switch is to be thrown in the
reverse direction, the lever on the interlocking machine merely
changes the connection of the operating circuit to the other field
winding.
The use of the magnetic clutch permits of breaking the motor
connection with the throwing mechanism instantly at the proper
time; and the absence of a rigid connection prevents breaking or
straining of the parts if the movement of the switch should become
blocked, as by the dropping of a lump of coal or other obstruction.
The blocking of the switch causes the clutch to slip until a fuse
is blown on the interlocking machine. The motion of the switch
follows the lever. If the switch is found to be blocked, it can be
thrown back by simply reversing the lever, and this can be done
quickly enough to avoid blowing the fuse.
The safety controller, which automatically cuts out a switch
motor if the lines become improperly connected, combines in one
the functions of two electro-magnetic circuit controllers. The
function of one is to open the motor circuit when the lever movement is completed, and of the other to open the next operating
circuit when it is energized improperly by connected wires, and
thus to prevent a wrong movement.
The solenoid safety circuit controller is illustrated in Fig. 36,
and comprises two solenoids A and A', fixed to a cast iron base V.
Each solenoid has a movable core D, connected by means of a jaw,
E to a lever F. The lever F is pivoted at its middle to a fixed
support G and is connected at its upper end to a rod H, free to
move longitudinally. The rod H carries a contact bridge I, which
will connect the contacts J and K when the core D is drawn into
the solenoid, and will connect the contacts L and M when the core
D is drawn outward. The levers F and F' are connected near the
lower ends of a spring Z, which causes the bridge to connect L'
and M', when the core D is drawn into its solenoid A to nearly
the full extent. Similarly the contact bridge I is made to connect
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L and M when the core D' is drawn into the solenoid A'. The
contacts J and K are carried by the slate block N with springs
interposed so that they may be pushed in about 3-16 inch. The
contacts L and It are fixed to the slate block 0. The relation of
the parts is such that the bridge I touches the contacts J and K,
while the core D is still 3-16 inch from its complete inward stroke,
and the bridge touches L' and It' with the core D about 1-16
inch from its full inward stroke. These clearances are allowed
for making good contact. Each solenoid has two coils of wire.
The coil C has 100 turns of No. 13 B. & S. G., and the coil B 1,100
turns of No. 15 B. & S. G. The resistance coils LT and U' each
of twenty ohms, are in series with the coils B and B' at the starting of a movement, and the circuits including them may be called
the starting circuits. The coil B is connected to terminals P and
Q, and the coil C is connected to terminals R and S.
At the beginning of a movement current flows through coils
C, B and U in series, and draws in the core D, causing the bridge
I' to connect L' and it, which shunts the coils B and U, so that
the operating and indicating currents flow only through the coil
C of a very low resistance, but having sufficient turns to hold the
core D in place. The bridge I will touch J and K before I'
touches L' and so that if the current happened to come from
a foreign source without the lever having been moved, current
would also flow from the last operating wire, which is still in connection with battery, through coils C', B' bridge 1, and the motor,
and would hold I' away from L' and 11' by drawing in the core
This current will run the motor light in the direction it ran
in making the last movement, and without energizing the clutch.
The contact K is provided with a head on its inner end, which
makes connection with a contact X, when K is pushed outward by
the spring, but when K is pushed in by the bridge I it is separated
from X. The object of this is to cause the cut-off current to flow
only through the safety contacts J and K, and thus afford a test
of their condition at each movement of the switch.
When the core D is drawn completely into the solenoid A,
the latch T drops into the path of a projection on the lever F',
so that if the magnet A' is energized while A is still holding its
core, the core D' will be stopped by the latch T before it puts the
bridge I' against J' and K'. A similar latch, T', stops the core

D under similar conditions. These latches come into play in the
action of the cut off current last above-mentioned. If in that
case the bridge I' were allowed to move far enough to touch 3'
and K', the safety circuit to be mentioned later would be temporarily closed, and cause sparking at the contacts.
The circuits of a single switch can be understood from an
inspection of Fig. 37. In the position of the parts as shown,
which is the beginning of the reverse movement, current will flow
from battery 1 through primary 2, fuse 3, wire 4, spring 5, bridge
11 (11, 11a and 11 are one piece on machine), spring 9, wire
14, field 16, wire 18, coil V of A, connector 26, coil B of A, wire
20, contacts K` and N', resistance 13, wire 22, contacts 37 and 38
of knife switch 33, wires 23 and 45, clutch 52 by brushes 50 and
51, armature 53 by brushes 49 and 47, thence by common wire
to battery. This current will energize the magnet A, the bridge
I will connect J and K, and the bridge I' will connect L' and It'.
The above circuit remains the same up to wire 18, thence through
coil C of A, wire 28, contact It' bridge I', contact L', wire 30,
contact 35, knife 33, contact 38, to -wire 23, whence it is the same
as above. The current in the coil C holds the core D and the
bridges I and I' in position last noted.
When the switch movement is completed, the knife 33 is
moved from contact 38 to contact 36, still remaining in contact
with 35. This cuts off the current from the clutch 52, and causes
it to flow through wires 43 and 46, indication brush 48, armature
53, brush 47, and common to battery. The current still flows
through the coil C, thus holding I and I' in positions noted. The
current entering the armature 53, by the way of the brush 48,
which bears on a ring connected to a segment of the commutator,
is thereby rendered pulsating in character. In flowing through
the primary 2 of the transformer, it develops magnetism of a
like character in the iron core. This in turn induces alternating
current in the secondary coil 55, which flows through the induction motor 56, by means of which the latch is lifted, thus releasing the lever to make its final movement.
The final movement of the lever puts the bridge 12 in contact
with spring contacts 8 and 10, which closes a branch circuit, and
current flows from armature 53 by way of brush 49, wires 32
and 31, contact J, bridge I, contact K, wire 19, coil B' of A',
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connector 25, coil C" of A', wire 17, field 15, wire 13, spring 10,
bridge 12, spring 8, wire 57, motor 56, and secondary 55 in
parallel, and resistance 58 to battery. This current energizes
magnet. A', draws in its core 1Y. and pulls the bridge I' away from
contacts L' and M', thus cutting off all current.

Fig. 38.
SIGNAL MECHANISM USED FOR

HIGH SIGNALS.

There are a large number of other wiring conditions which
are met with in this apparatus, but their complete explanation is
too lengthy for a book of this kind. Complete explanations may
be had of all the wiring circuit of this. as well as other signal
apparatus. by writing to the various manufacturers of signal instruments.
For high signals, use is made of the ordinary electric sema-
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phore, with the addition of a third brush to the motor, to give the
indication in a manner similar to that described for the switch
machine, with other slight changes made necessary by the use of
a higher voltage. The high signal mechanism is illustrated in
Figs. 38.
The dwarf signal, Fig. 39, is actuated by an electric motor,
similar in all respects to that used in connection with the high

Fig. 39.
ELECTRIC MoTon DWARF SIGNAL.
signals. The motor is geared to and drives, by means of a worm
gear, a horizontal shaft to which the armature of an electromagnetic clutch is fixed. The other part of the clutch enclosing
the exciting coil is fitted loosely on the shaft. This loose part of
the clutch has a crank pin affixed to which the operating rod of
the signal is attached. When the signal is at "normal" or danger
position, the crank pin is vertically under the shaft; when clear
the crank pin is about 45 degrees above the horizontal. The ex-
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citing coil of the clutch is connected in series with the motor,
and when the operating current is switched on both the motor and
clutch are excited, the first causing the clutch armature to rotate,
and the second causing the loose part of the clutch to adhere to
the armature and move with it. When the signal reaches "clear,"
a circuit switch cuts in sufficient resistance to reduce the holding
clear current to a very small amount and to stop the motor.
The dwarf signal is locked in the normal position by means
of a hook-shaped formation on the eye of the operating rod, which
engages with the shaft carrying the clutch, if the rod is moved upwardly a very short distance. Sufficient lost motion is allowed in
the crank pin hole to permit a slight upward movement of the
rod without turning the clutch.
The amount of current required to operate this signal is very
small, not more than one and one-quarter amperes, while that required to operate the solenoid dwarf signal, heretofore extensively
used, is from three to five amperes. Although the saving in current consumption may not be a matter of very much importance,
since the time during which the signal is being operated is a very
small fraction of the whole time, yet the reduction in size of operating wires, permissible with the motor-driven signal, will materially lessen the cost of installation and maintenance of the plant.
This method of operating the dwarf signal permits the use
of the same kind of current for actuating the indication mechanism
that is used in connection with the high signal ; that is, the battery
current is transformed into an alternating current, which frees
it from the dangers of false indications to which the solenoid type
of signal is subject. The construction of the high and dwarf
signal levers, including the indication mechanism, is also made
uniform.
The signals are protected against improper movements due to
stray currents by means of a fuse placed in the signal operating
circuit between the slot coil and the motor. When the signal lever
is in the normal position, the indication wire is connected to the
common wire, and as the indication wire is also connected to the
control wire at the signal motor, both being connected to the same
brush on the armature, a current which might reach the control
wire would be short-circuited back to battery through the indication wire, and would cause a very heavy current to flow and blow
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the fuse in the operating circuit, thus cutting off current from the
signal motor and preventing a false movement.
If a contact with a foreign source should occur beyond the
fuse, it would also be beyond the slot, so that the slot magnet
would not be energized and the signal would not clear. The same
arrangement is followed in reference to the safety controller in
connection with the switch motor. The coils of the magnets
spoken of are both placed between the field coils of the motor and
the armature, so that if the contact should occur beyond these protecting magnets it would also be beyond the field magnet coils,
and consequently in this case the field magnets would not be energized, so that the armature would not rotate.
The special advantages secured by this method of protecting
switches and signals against stray currents are that absolute protection is afforded, and the operation of these safety devices does
not in any way interfere with any other part of the plant, except
the particular switch or signal affected by the fault.
Electro-pneumatic Interlocking Systems. Electro-pneumatic
signal systems, which are used on many lines, employ low voltage
controlling circuits, the working medium for operating switches
and semaphores being compressed air, supplied by a local compression plant and conveyed to the point of application through
underground pipes. In electro-pneumatic interlocking the electric control is managed by the signalman in the cabin. In electropneumatic block signaling the air valves at the signal are controlled at the track circuit. The air pressure acts against the
piston of a cylinder fixed to a signal post or near the switch as the
case may be. Near each cylinder is a small auxiliary reservoir
to provide a sufficient supply of air to insure quick action of the
piston at every operation. The admission and exhaust of air in the
cylinder is governed by eleetro-magnetic valves controlled by
lights from the interlocking machine.
An electro-pneumatic interlocking machine, as manufactured
by the Union Switch & Signal Company, is shown in Figs. 40, 41
and 42. In this machine the levers are only a few inches Tong and
very light, their principal work being to open and close electric
circuits and to operate the mechanical locking between each other.
These levers appear as cranks on the front of the machine, each
lever having a latch by which it is held in any desired position,

but this latch has nothing to do with the interlocking of one lever
with another. Instead of pulling or pushing the lever, the signalman turns it to the right or left and operates a horizontal shaft
which revolves on its axis through an arc of 60 degrees. The indication from a switch or signal actuates the armature of an electric magnet fixed in the machine. This armature engages with

1415

Fig. 40.

CENTER POS/T/ON

OF

EI.Euritic IxTEntocKixo LEVER.

suitable notches in a segment attached to the lever. As arranged
with switch levers, this magnet when de-energized locks the shaft
after it has been turned far enough to move the switch, and prevents the signalman from completing the stroke of the lever until
the switch has finished its movement and is locked in the new
position. The indication being received, the stroke of the lever
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may be completed, and the lever for the signal, giving a right to
proceed over this switch, may be reversed.
The general principles governing the switch and signal operPion are as follows: As shown in Fig. 40, the ordinary lever of
mechanical type is shown standing normally on center, it has

which immediately releases the lever and prevents its complete
return to normal, as illustrated in Fig. 41. The lock, however,
permits of a partial return of the lever to normal, as shown in
Fig. 42. This amount is insufficient to release any mechanical
locking which it operates and which must remain effective until
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Fig. 42.

RELEASE POSITION OF ELECTRIC INTER LOC,'XING LEVER.

PARTIAL RETURN POSITION OF INTERLOCKING LEVER.

attached to it a circuit controller and closes a circuit operating
one signal when moved to the left, and closes a similar circuit for
a second signal which conflicts in function with the shaft when
moved to the right. When the lever is normal both signals are in
the stop position and the lever is not engaged between the electric
lock. When the lever is released to clear a signal. the latter on
leaving the stop position opens the circuit controlling the work,

the signal is actually in the stop position. This partial movement of the lever toward normal cuts off the current holding the
signal in the proceed position, and permits its return by gravity
to the stop position. If for any reason it should fail to do so, it
is obvious that the lever would be prevented from being put
normal, and hence change of route from the one governed by the
deranged signal is prevented. This reverse movement of the sig-
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naI, besides forming a means of selecting and operating signals,
also provides within itself an effective form of locking between
two conflicting signals, since one lever cannot assume two positions
at the same time.
The principal parts of the interlocking machine are shown
in Figs. 43 and 44. The whole apparatus is encased in a wooden

the lever to tl u right, revulving the shaft. As shown, after this
revolution has begun, the driver in the shaft, shown in Fig. 59,
has moved the locking bar a short distanee, so as to lock the machine, which has moved and prevents turns to interfere with the
intended movement. This locking effects the further revolution of
the shaft, causing air pressure to be admitted to the valve cylinder.

I

„I..

4rle•Pli
, ,.._...;„,.. _II:gifiTiL.
[W.,..

i,
-...4.

i 67: MAI ; 1 - . •

-

a

41

II
.II !

0!
20:.i,,-.
•
-:
-

4•4

4 47

-

1rr 3.i ITITI.CajljulailIUZ.:._..i,.

...I

• • • 1

. 1.. 0.,. . ,. . . . v
..:,.

311M1111,1th

ana7,.....
Ma.
1
, ... ■• ,.

[-+Ii ,
. ....,,,.........
M.

0.

Fig. 44.
Fig. 43.

FRONT ELEVATION OF THE -UNITED SWITCH AND SIC N I.
ELECTRO-P NEMEATIC

The wire connections are all run to points
on the rear of the frame surrounding the machine. Suppose, for
ease with a glass top.

instance, that lever No. 3, shown in Fig. 43, is to be moved. All
signals would give a clear route over the switch in its present
position, being in the stop position, so that the interlocking will
not interfere with the intended movement. The signal now moves

SIDE VIEW

OF TIIIC

EtEc.rao-lIxm - m. ► ric

ATACH INE AS

-AfANI'-

FACTURE') BY '1'11 1: 1 NITF.D SW ITCH AND SION:a. CO.

The piston movement produced by this air pressure controls the
switch itself. The locking of the switch having been completed,
the contact in the indication box engages its proper indication contact in the machine, and the signalman is then able to complete the
stroke of his lever, leaving it inclined to the right. This final
movement pushes the locking bar to its final stroke and locks it in
position, the signalman then permitting a train to pass over the
switch in its new position.
91
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Each switch cylinder, by means of its piston, moves the
switch indicator bar and lock; or two or more switches together
may be moved by the same cylinder when it is found desirable
to do so.
Low-pressure Pneumatic Interlocking. A number of railroads
use compressed air at low pressure for operating the interlocking
apparatus, the air pressure being usually about 15 pounds per
square inch. Compressed air in separate pipes is employed to
control the admission of pressure to the switch and signal cylinders. Pressure is admitted to working cylinders by valves
actuated by large rubber diaphragms, which are worked by air at
about seven pounds pressure. The lever of a switch cannot complete its stroke until the switch has actually moved home and conveyed an indication of the fact to the cabin, the interlocking being
mechanical.
While the action of compressed air is not as quick as an electric impulse, the movement of the switches and signal effected by it
is quick enough for all practical purposes.
General Railway Signal Co.'s low-pressure Pneumatic Power
Interlocking System. The distinctive features of the low-pressure
pneumatic interlocking machine are: (1) A row of slide valves
(called levers). (2) The mechanical interlocking frame, placed
vertically on the front of the machine. (3) The indicating cylinders and their relays on each lever.
Application of air pressure is required in every case to accomplish any movement. To move a switch or signal from normal
to reverse position and to receive a return indication at the machine, an air pressure must be applied at the lever. All signals
are held in the proceed position by air pressure under the piston,
the entire reverse operating line being charged from the tower to
the . signal when the signal lever is reversed. Thus absence or
failure of power will always leave the signal in the stop position.
The principal parts are switch rails, lock rod, throw rod,
motion plate, switch cylinder, indicating valve, controlling valves
or relays, operating bar and slide valve on lever, indication cylinders, interlocking tappet, and air reservoir.
To reverse the position of the switch the signalman pulls the
lever. In doing this he admits air (from the main supply through
the valve) through pipe to valve, which opens communication from

the supply pipe to the right-hand end of the cylinder, pushing the
piston to the left. After about one-half of the stroke has been
completed it is stopped by the piston rod, but the operation of the
valve, already accomplished, causes the motion plate to move
through the whole of its stroke. This stroke is uninterrupted, but
it performs in succession three functions. The -first part of the
stroke, say one-third, does not move the switch, but the indicating
valve is moved far enough to close the two pipes, -while others are
left open to the atmosphere. At the same time lock bar has been
liberated by withdrawal of a dog attached to the motion plate
from notch in lock bar. As the motion plate moves through the
next or middle portion of its stroke, it moves the switch; but it
now produces no effect on the indicating valve, because the rod
of the indicating valve is now engaged by the straight portion of
its slot in the motion plate. The switch being set, the third and
final part of the stroke of the motion plate locks the switch by
pushing a second dog attached to the motion plate through a second
notch in the lock bar, and also (but not until after the dog has
entered its notch) the plate changes the indicating valve so as to
connect together the two reversing pipes. This conveys pressure
from the supply through the relay and indicating valve, which
valve then admits air from the supply to the reverse cylinder,
forcing the piston rod upward, and forcing it to complete its
stroke. This return action takes place at ordinary distances in
from one to three seconds. By the action of the slide valve the
reverse control pipe is not. opened to the atmosphere, the relay
valve is released from pressure and is closed ; so that the pipe to
the switch cylinder and its connection to and through the indicating valve are open to the atmosphere. All four operating pipes
are now at atmospheric pressure. To move the switch back to its
original position the opposite set of pipes is used.
A cross-over switch or slip with movable point frogs is operated in the same manner excepting that the functions are connected in series, the air leaving the indicating valve, going to the
diaphragm, operating the second function in the same manner as
described for the operation of the first function. Pipes to any
number of movements may be connected in series and operated
from one lever in this manner, the indication from a preceding
movement operating a following one, the last movement to oper-
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ating giving the indication at the machine and automatically completing the stroke of the lever.
To work a signal, valves and operating pipes are used of the
seine general style as those for a switch, but there is only one
indicating valve and one indicating cylinder, as it is considered
unnecessary to assure the attendant that a signal is in the proceed position. The principal parts of the signal apparatus are:
Signal arm; signal cylinder ; lever to work indicating valve ; indicating valve; diaphragm valves or relays, controlling the admis,
sion of air to the top and bottom, respectively, of the signal cylinder; diaphragm valve controlling admission of air to cylinder.
The signal being in the normal or stop position, the indicating
valve is in a position to maintain a connection between the two
pipes attached to it; but as soon as the signal arm leaves the
horizontal position the valve shuts off this connection.
To clear the signal the signalman pulls lever to the left the
whole length of its stroke. By this movement air is admitted to
pipe which supplies air to the lower end of signal cylinder and
pushes up the piston, putting the signal in the proceed position.
The signal remains in the proceed position as long as the lever is
pulled to the left. To restore it to the normal or stop position, the
lever is pushed to the right until it. is stopped by the piston rod
of the indication cylinder.
The function of the diaphragm valve, which is called the
"relay," is similar to that of an electro-magnetic relay in electrical
apparatus. This valve is actuated by air at seven pounds pressure.
This pressure, admitted beneath the circular rubber diaphragm
eight inches in diameter, pushes up the cylindrical valve, placed
vertically in the upper part of the case, and thereby admits air at
15 pounds per square inch to move the piston in the switch or signal cylinder. The movement of the diaphragm is only I inch.
The operating and indicating pipes extending to switches and
signals are 1- inch in diameter. The supply pipes from the air
reservoirs are larger, the size being varied according to the number
of switches and signals to be operated. The air as it comes from
the compressor is run through cooling pipes for the purpose of
precipitating moisture.
Any number of signals controlling relative movements over
the same switches may be connected up to one signal lever by plac-

ing selector valves at switch points to control the admission of air
to the proper siAmkil line. This method provides practically the
same protection as bolt locking the switch points with signal lines
at mechanical plants.
Fig. 45 shows time general arrangement of a switch connected
up to the low-pressure system, for either rear or advance bar
movements, as used by the General Railway Signal Co.

Fig. 45.
Low PRESSURE PNEUMATIC SWITCH AND LOCK MOVEMENT USED
ON THE NEw YORK CENTRAL AND HUDSON RIVER R. R.

Power-operated Signals. ,Nr mechanical interlocking plants
where power-operated semi-automatic signals are used. provision
is usually made to compel the signalman to put his signal lever
normal after the passage of a train. Such signals, if they are of
the automatic type, will clear as soon as the train leaves the Klock;
if the lever remains reversed they permit another train to follow,
which might result in delays. For this purpose an arrangement,
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shown in Fig. 48, is used, and is known as a "stick" relay wiring.
The circuit controllers are operated by the lever latch, and the
relay, which has a resistance of 500 ohms, is kept energized under
normal conditions by a circuit as follows: From the battery D,
through wires 4, 6, circuit controller A, wires 9 and 12, coils of
relay, wires 10 and 8, circuit controller C and wire 3 to battery.
Current can also flow through wire 5, relay point, wires 11 and 12
and to battery through coils. Raising the latch opens circuit controller A. Lowering latch with lever reversed closes circuit controller 13 and opens C C does not open, however, before B closes.
Current now flows from battery through wires 4 and 5, relay
point, wires 11 and 12, coils of relay, wires 10 and 7, circuit con-

resorted to. As applied to mechanical interlocking it involves the
use of electric locks on the latches of certain levers, usually those
of the home signals. Another method is to have the home signals
locked as soon as cleared, and released only when a train has
reached a certain point within or beyond the locking limits. This
is known as "approach" locking.
At power plants with electric control electric locks on the
levers may be used. Usually there are no latches or latch locking
at these plants, consequently the lever itself must be locked.
Another difference is that there are usually no separately operated
facing point locks at power plants; therefore a derail or switch
lever must be used for the route lever, and be controlled by the
electric locking. If signal levers are to be locked, it is often convenient to break their indication circuits through relay or indicator contacts, thus avoiding the necessity of an additional electric lock. Also with the same effect the control circuits of switches
and derails are broken through such contacts.
If the indication circuit of ,all signals concerned are broken
while a train is occupying the route or section of route governed,
the protection will be complete. For, when the indication circuit
is broken, the releasing device on the lever cannot act, and the
lever is held in an intermediate position, thus locking all opposing
and conflicting routes as if it were at full reverse. Usually, however, the indication circuits of the high home signals only and
the control circuits of the switches and derails in a route are
broken. This is done, because if, with no means of holding the
switches, a signal should be out of order, and if it were necessary
to flag a train through, there would be no protection; this for the
reason that there would be nothing to compel the signalman to
reverse his signal lever, and with the signal lever normal the
route would not be locked. The best system would seem to be
a combination of lever locking and circuit control; that is, to
break the high home signal indication circuits and the switch and
derail control circuits and lock route levers.
In another system of electric locking, conflicting routes only
are locked ; that is to say, a train in a certain route locks switches
and derails in conflicting routes only. This is no more than dog
locking is designed to do, except that it holds after the signal lever
has been put normal until the route is clear.
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Fig. 46.
CONNECTIONS OF POWER OPERATED SIGNALS USED WITH
MECHANICAL INTERLOCKING PLANTS.

troller B, wire 2, track relay point, wire 13, signal mechanism,
wire 1, to battery. This clears the signal. Passage of a train
opens the track relay points, putting the signal to the stop position
and opening the circuit of the 500-ohm stick relay. As the signal
control circuit passes through the point of this relay, the signal
cannot again clear, because this relay will not be energized again
until the lever is latched in the normal position. In this case it
is assumed that the coil through which this current passes at the
signal is wound to 500 ohms; if that resistance is less the stick
relay winding should be reduced accordingly.
Track Circuit Locking. To overcome a number of difficulties
when high speeds and heavy rails are used, track circuit locking is
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At power plants controlled otherwise than electrically, lever
locking is the only kind that can he economically and efficiently
applied. Valves and their controlling apparatus are cumbersome
and expensive.
Where any one of these systems is applied only to track secti o ns within the home signal limits, the use of detector bars can
hardly be dispensed with. It takes an appreciable length of time
for a track relay to act, and the indicator and lock consecutively
consume equal periods. Therefore, before the lock has acted it
may be possible to change at least one of the switches or derails
in the route. Consequently it is advisable to have a detector bar
at the entrance to each high-speed route at least.
Approach Looking. To overcome this difficulty and to better
prevent any change of route after a train has passed the distant
signal at. clear, approach locking has been introduced. This
is an arrangement of circuits whereby the lock on the home signal
or roiite lever latch operates when a train approaches the interlocking plant with the governing signals in a certain position.
Broadly, there are in use two systems: In one the lock acts
as above when the train is approaching the distant signal with the
home signal clear, and holds until the train has reached a point
within or beyond the interlocking limits. This may be modified
BO as to require the distant signals also to N . clear ; or it may be
made to act when a train has passed the distant signal with the
home signal clear. In the other system the route is locked as soon
as the home signal is cleared, regardless of whether a train is
approaching or not. Of course, in dealing with electrically controlled power plants the above may be modified so as to break control and indication circuits.
Check Locking. In electric and electro-pn eu mat it. interlocking
systems there is usually provided in each tower a separate lever for
each track over which reverse movements are to be made. These
levers are connected with the mechanical locking devices in smelt a
way that when they are in their normal position the signal for
reverse movements is locked in the stop position, and tlw signal
for movements with the current of traffic are free to be moved.
This is done electrically by interlocking the levers in the two
adjacent interlocking towers.
Semi-automatic Signals. A semi-automatic signal is one hay-

ing automatic locking devices, but which is controlled from the
manually operated signal, circuit controller or similar device.
They are most frequently used in connection with interlocking or
manual signal towers, and they constitute an adjunct or an extension of the latter. Manual signaling cannot be effected over
any great length of track on either side of the tower; therefore
semi-automatic distant signals have been applied to most of such
cases.
Due to the fact that interlocking enables one signalman to
prevent errors made by another, and with the use of continuous
track circuits as an auxiliary control, the semi-automatic or "controlled manual" system represents the highest present development
of visual signaling.
With automatic signals enginemen will occasionally b; , careless, because they are not watched, and with the simply manual
system signalmen sometimes blunder; but with the "controlled
manual" the presence of the signalmen keeps the enginemen vigilant, and the machinery is an efficient check on the signalmen.
Staff Signaling. A staff is a piece of wood 22 inches long,
suitably lettered, and is the authority given to the engineman
to run his train between two sections. After passing out of one
section he receives another staff for the succeeding section, and so
on. In order to be able to reach and take a staff with the electric
train staff system, a post with suitable bars to support a staff is
fixed near the track.
Electric Train Staff System. For operating trains on single
track, the electric train staff system has become one of the cheapest,
simplest and most efficient methods in genera] use.
In the operation of the electric train staff, the track to be
protected is divided into blocks or sections of such length as to
best accommodate local and traffic conditions. These blocks usually
terminate at existing stations or telegraph offices, although occasionally, as in the telegraph block system, additional block signals
have to be installed when the distance between any two existing
stations is too great for the rapid handling of traffic. Each section is controlled by two instruments, as shown in Fig. 47, one at
each end, and which for convenience are referred to as X and Y.
Each instrument is equipped with a sufficient number of staffs.
varying from 10 to 35, to take care of the traffic conditions of the
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road. No train is permitted to proceed between X and Y in
either direction unless the conductor or engineer has in his possession one of these staffs, which is in effect a metal train order.
The two instruments at X and Y are electrically connected and
synchronized so that the withdrawal of a staff from either can
only be effected by the joint action of the operators at X and Y,
and but one staff can be out of both instruments at the same time.
Development of the Electric Train Staff System. The electric
train staff system of to-day is a gradual development from a simple principle for the operation of roads which was recognized in
England as early as 1840; namely, that to safely pass over a
given section of single track every train should have in its possession a tangible right to do so in the form of some specific article
of which there is only one obtainable. The first train staff was
a metal bar about two feet long, which had cast 'r engraved on it
the names of the two stations between which it alone gave anthority
for any train to proceed. Unless trains moved alternately in opposite directions the staff had to be returned over the section by a
special engine or in some cases by road.
To partially overcome this difficulty the staff and ticket system was devised, in which device the original staff became a key
that would unlock a box at either end of the section and permit
tickets to be taken therefrom. If it was desired to forward say
three trains from one station to another before one should proceed
in the opposite direction, the ticket box was unlocked with the
staff and a ticket given to the first and second trains, the third
train receiving the staff.
Since an engineer or guard of any train when receiving a
ticket was required to see the staff as well, this system, while making head-on collisions impossible, did not permit trains to enter
a section from the end at which the staff did not happen to be. To
accomplish this result Mr. Edward Tyer in 1878 introduced his
electric tablet apparatus, which consisted of two instruments, one
at either end of a section, each instrument containing a certain
number of tablets, any one of which constituted the right of a
train to pass over that section. The two instruments were electrically connected and synchronized, so that the removal of a
tablet from either instrument absolutely prevented any other being taken out.

In 1889, Mr. Webb, Chief Mechanical Engineer, and -Mr.
Thompson, Signal Superintendent of the London & Northwestern
Railway, invented the Webb & Thompson Electric Train Staff, in
which staffs were substituted for the tablets in the Tyer system,
and a permissive feature added whereby several trains could follow
each other into a block section if desired in a manner similar to
that employed in the non-electric staff and ticket system.
The first instruments were installed in May, 1894, on the
Chicago, Milwaukee & St. Paul Railway between Savanna, Ill.,
and Sabula, Iowa, and since that time this staff system has been
introduced on the Chesapeake & Ohio; the Cincinnati, New Orleans & Texas Pacific; the Atchison, Topeka & Santa Fe; the
Chicago, Rock Island & Pacific; and the Canadian Pacific Railways.
The main objection to the extended adoption of the Webb &
Thompson apparatus was the size of the staff, which made it difficult to catch at high speed. To overcome this objection, the Union
Switch & Signal Company in 1900 introduced what was known as
its High-speed Train Staff System, which, although based on the
same general principles and method of operation as the Webb &
Thompson, possessed the essential advantage of employing staffs
only six inches in length, weighing 64- ounces ; as against staffs
22 inches long, weighing 4 pounds, of the Webb & Thompson system, thus greatly simplifying the problem of taking the staff at
high speeds.
This latter system was installed on the Chesapeake & Ohio;
Cincinnati, New Orleans & Texas Pacific; Gulf, Colorado & Santa
Fe; Philadelphia & Reading; Chicago, Milwaukee & St. Paul;
Chicago & Great Western ; Chicago & Alton; Southern; and the
Atchison, Topeka & Santa Fe Railways.
On the last-named railroad among other places this system
was applied to a section extending from Trinidad, Colorado, to
Raton, New Mexico, a distance of 25 miles, which was divided
into seven block sections. This portion of the Atchison comprises
mountain grades averaging :;1- per cent. for a greater part of the
distance, over which a traffic of approximately 60 trains a day is
operated. On account of the number of trains, and also the fart
that each train required two, and sometimes three, engines on the
up grade, an average of one hundred and fifty train orders was
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issued in each twenty-four hours, most of which were sent to not
less than two stations, so that the total delay of trains awaiting
these orders can easily be imagined. With the introduction of the
staff system as Many trains, or more, have since been handled over
this section, with no collisions and a minimum of delays.
At the intermediate statiens oft this section staff cranes are
provided, from which the enginemen can take the staffs at a speed
up to 25 miles an hour without the use of any special attachments
on the engines.
At another point where this apparatus is in use the practice
is followed by handing the staff to an engineer by means of a
rattan hoop about two feet in diameter, similar to tire method followed by many railroads for delivering "19 orders" and clearance
cards. The staff being small and light is as easily delivered on
such a hoop as a train order. This method may be safely followed
for alI trains which can afford to reduce speed to 25 miles or even
30 miles an hour when passing the staff station, thus avoiding any
special apparatus on the maj ority of the locomot i yes.
On the Cincinnati. New Orleans & Texas Pacific Ity., which
operates a number of staff stations, the practice is to deliver the
staff to any train which can afford to slow down to :30 miles an
hour without any special attaehments to the locomotives, such a
device -being only applied to their fast expresses, on which the
staff has to be caught at speeds frequently exceeding 60 miles an
hour.
The latest type of staff instrument, known as the Electric
High-speed Train Staff, ilIodel No. 2, has been developed during
the past four years, and employs a staff of practically the same
size and weight as the Alodel No. 1 instrument, over which it possesses the following advantages :
By having separate drums for putting in and taking nut the
staffs, equal wear on all staffs is secured ; whereas, in the earlier
instrument some of the staffs would be practically worn out from
constant use, while others would hardly ever be used.
The second advantage lies in the special type of indicator employed in this instrmuent, which plainly shows the operator by the
display of a white or red disc, whether or not his instrument is in
condition for him to remove a staff, and th•., leaves him no excuse to strain the mechanism.
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Advantages of the Electric Train Staff System. The advantages claimed for the electric train staff system are as follows: It
acts as a mechanical assistant to the train dispatcher, issuing
metal train orders and giving trains the right to proceed over portions of the track, and will issue only one such order at one time
for any section, except in the ease of following trains when the
permissive system is used, thus obviating all danger of "lap
orders ;" it. avoids delay in waiting fur train orders; it provides
the engineer with evidence in the shape of a staff of his right to
the particular block section he may occupy; it does not interfere
with other safety systems: a knowledge of telegraphy is not necessary, and the operation of the staff takes up considerably less
time than is now expended on telegraph train orders.
Union Switch & Signal Co.'s Train Staff. The operation of
an electric train staff system, as constructed by the Union Switch
Signal Company, is as follows; Calling X the entering end of
the block and V- the leaving end, the manipulation of the instruments consists of the operator at X pressing the hell key shown
at A, Fig. 47, the number of times prescribed by the bell code.
This rings the bell at T. The operator at Y first acknowledges
receipt on his bell key. ringing bell at X and then holds it closed,
thereby deflecting the "current indication needle" at X to the
right. This informs X that 17 has furnished current, and he proceeds to remove the staff by turning the preliminary spindle handle
B to the right as far as it will go. This unlocks a revolving drum,
and indicates the fact by displaying a white instead of a red disc
in the indicator at II. The operator now moves the end staff E
up the vertical slot into engagement with the drum. The outer
guard N, having been turned to the right position, revolves
the latter through a half turn, using the staff as a handle, and
filially withdraws the staff through the opening at M. In making
the half turn the drum has reversed tire polarity of the operating
current, thereby throwing the instruments at X and Y out of
synchrony with each other and moving the "staff indicating
needle" at X from "Staff In" to "Staff Out," as shown at G.
Immediately on withdrawing the staff, the operator at X once
more presses his bell key A, which indicates to the operator at Y
by moving his needle from "Staff In" to "Staff Out" that the
operation is completed.
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The staff withdrawn is not delivered to the train by hand if
the train is at rest, or passing at a speed of less than 25 miles per
hour. For high speeds the staff is placed in a special holder and
delivered by methods similar to those followed in the railway
mail service, the engine being fitted with a catching and delivering device, as shown in Fig. 48.

Fig. 47.
ABSOLITTE ELECTRIC TRAIN STAFF INSTRUMENT.

As mentioned before, in taking out a staff the polarity of the
operating current is reversed. This prevents a second staff from
being taken out of either instrument, as will be noted from the
following:
Permissive Feature. While the absolute system, where but one
train is allowed in any section, is the ideal arrangement, yet eases
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o•eur where it is desirable to allow several trains to follow each
other into the block at short intervals. This is known as the permissive system, and consists of an attachment to the absolute ma-

ment, there to remain until the permissive staff is replaced. The
permissive staff consists of a steel rod and 11 removable rings, any
one of which authorizes a train to pass through the section to Y.
If less than 12 trains are to follow each other, the last one takes
all the remaining rings and steel rod. When all the rings and rods
are received at Y, the operator reassembles them into the complete
permissive staff, which he then places in the permissive attachment
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or base, and locks it therein by the absolute staff already in the
lock of this attachment. By so doing lie releases the absolute staff,
which be restores to the absolute instrument in the regular manner. The machines are now synchronized, and a movement can be
made with an absolute staff in either direction, and from Y to X
with the permissive staff.
If it is again found necessary to move several trains from
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chine at each end of the sect ion with one permissive staff, as shown
in Fig. 49.
To operate this feature an absolute staff is withdrawn from
the instrument at X in the usual manner and nscd as a key to unlock the attachment or base containing the permissive staff, which
is then taken out. The opening of the base and the removal of the
nermissive staff locks the absolute staff in the permissive attach-

X to Y under the permissive system, the permissive staff must be
obtained by Y, as before described, and forwarded to X as a
whole by the first train moving in that direction. The entire permissive staff confers the same rights as does an absolute staff.
Control of Signals. In its capacity as a key the absolute staff
has a number of uses in addition to that already described. Where
signals are used to indicate to an approaching train whether or not
it will receive a staff, an instrument known as the staff and lever
lock is attached to each lever operating such signals. This instrument is shown in Fig. 50. To clear a signal the staff, after
being withdrawn, is first used to unlock the lever lock. The signal
is then cleared and the staff removed from the lock and delivered
to the train.
To insure the signal being placed at danger behind a train, the
act of unlocking the signal lever opens the staff circuit, and no
communication can be made between the two staff stations until
the signal is at danger and the lever locked in that position. This
does not indicate, however, that the operatcr will have the staff
ready for delivering by band or in the mechanical deliverer. To
cover this point an electric slot is attached to the signal governing
train movements into the staff section, which slot is controlled by
the staff and lever lock and the mechanical deliverer, so that before the signal can be cleared the staff must be released, used to
unlock the signal lever and put in the staff deliverer, which closes
the circuit on the electric slot. The signal can then be cleared.
92

1436

11;;7

SIGNALS AND SIGNAL SYSTEMS.

SIGNALS AND SIGNAL SYSTEMS.

With this arrangement, therefore, a clear signal cannot be given
until the staff is actually in the deliverer.
When the train picks up the staff, the circuit on the slot is
opened automatically, setting the signal to danger, and it cannot
again be cleared until the operation described above is repeated.
Automatic Block Signal Systems. An automatic block signal

Types of Automatic Block Systems. Automatic block signals
must work without the care of an attendant, and most of them at
places remote from a source of power. They were first operated
by a simple electro-magnet (the enclosed disc signal), the parts
being made very light. To avoid the disadvantage of the glass
enclosure the "clock-work" was next introduced, this apparatus
furnishing power enough to move a disc exposed to wind, rain,
snow and frost. Discs, however, were generally regarded as inferior to semaphores, and the next improvement was the electrupneumatic mechanism, moving full-sized semaphores, which was
introduced in 1885. This system, however, with its air pipe the
whole length of every line which is signaled, is too costly for roads
with any but the heaviest traffic, and it was not until the perfection
of batteries and electric motors capable of economically operating
full-size outdoor semaphores (with an independent source of
power at each signal) that automatic block signals became universally popular. Since 1600 the electric motor signal has made
great progress. The electro-gas signal has come into use to some
extent as a competitor of the electric motor.
Principles of Operation of Automatic Block System. On
account of the advantages of the automatic block system, the blocks
may be made shorter, and additional safety is secured by eliminating the attention of the tower operator. Fig. 51 shows a diagram
of the system of track circuits employed on steam roads at the
present time. At the beginning of each block the rails are insulated from the preceding section, so as to form an insulated section known as a block. At one end of the section is a close
insulated circuit battery of sufficient capacity to operate a
relay at the other end of the block. This relay opens and closes a
secondary circuit through a second battery, which operates the
mechanism moving the signals. This mechanism usually consists
of a small series motor connected with the semaphore shaft through
triple reduction gearing and a proper controlling device, whereby
the motor is cut out and the signal held in position by means of an
electrically operated pawl or lock. A signal may, however, be
operated by means of compressed air stored in a tank in the base
of the signal post, but this method is not considered as satisfactory
as the electrical method.
When there is no train in the block the track circuit current

-
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Fig. 50.
STAFF LF,VER LOCK.

system consists of a number of consecutive blocks, which are worked
by electric or pneumatic agency, which in turn is controlled by the
passage of a train into, through and out of the block section to
which the signal is connected. The first installation of an automatic block system was on the Boston & Maine Railroad in 1871,
and since that time 11,000 miles of road, or about. 18,500 miles of
track, have been equipped with the automatic system.
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operates on the relay, which closes the operating circuit, reversing
the home signal to clear, and locking it in place. After the train
has passed the next block the home signal in advance returns to
clear and closes the interlocking circuit, which holds the distant
signal at the beginning of the preceding block at danger, thereby
allowing it to return to clear. When the train first enters a block
the front pair of wheels short-circuits the rails, causing the relay
to open and allowing the pawls to drop out. The counterweights
on the semaphore spring both the home and distant signals to the
horizontal position, where they remain as long as there is a pair
of wheels on the block.
In the ease of a broken rail or an open switch, the track circuit will open and cause the signals to return to danger the same

Among the disadvantages may be mentioned-1, that the motor
and controlled mechanism are somewhat complicated, which introduce numerous factors of failure; 2, the motor itself is not a perfectly reliable device; 3, a failure str ,:eture must be utilized to
transform the high-speed rotary movement into a slow direct reciprocating motion; 4, the frost may accumulate upon the commutator, the lubricant may gum or the mica may cause an open circuit, thus resulting in breakdown; 5, the clutch magnet armatures
may also freeze, which will prevent them from acting.
Signal Motors. Signal motors are of small size, series wound,
and for direct current only. As they are generally operated by
battery current, the terminal voltage is of necessity low.
The sizes of the motors usually vary from 1-12 to 1-5 of a
horse-power, and from ten to twenty Edison and Gordon cells are
used to operate these motors. The larger motors used in electric
systems of interlocking are supplied with current from a storage
battery having considerable voltage. Derailing and switch moving motors have a maximum of about one horse-power, although
they may be operated at considerable less power than this.
The motors for signals may be located either at the bottom
of the mast or at the top of the mast, the latter position being considered to be better.
Advantages of Top mast Motor Mechanisms. The advantages
of locating the motor mechanism at the top of the pole or mast, as
compared with its usual location at its base, are as follows:
1. The direct application of the power to the semaphore shaft
avoids the necessity of changing from a rotary motion to a straight
line motion, and vice versa, in order to transmit power from the
bottom to the top of the mast. This construction, therefore, permits a simplicity, rigidity and compactness in design that cannot
be secured with any other location of the motor mechanism ; 2, A.
direct connected signal having fewer parts, and operating with
less friction, is more positive and less liable to derangement. The
moving parts are also removed from inside the mast; 3, Up-anddown rods, jaws, pins and guides are unnecessary, and the friction
of such parts is entirely avoided ; 4, All moving parts, except the
blade and spectacle, being contained in the mechanism case, the
signal may be installed with a minimum of labor; the location of
all the moving parts at a distance from the ground lessens the
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DIRECT CURRENT AUTOMATIC BLOCK SIGNAL CIRCUITS.

as if there were a car in the block. The batteries employed for
the operation of these signals are usually of the gravity cell type,
located at the side of the track in water-proof manholes, below the
frost line, to prevent freezing in cold weather. On some of the
large four-track systems, storage batteries are used and charged
from a main generating plant.
Electric Motor Semaphore Signal. The electric motor semaphore signal, which has come into extensive use, has several
advantages, among which may be mentioned : 1. that it is selfcontained, and therefore independent of all other signals; 2, it
has a comparatively large reservoir power; 3, an isolated plant is
not required for its operation ; 4, economy of installation and operation; 5, working and controlling functions are unified; 6, external
simplicity of design.
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liability of the accumulation of dirt inside the mechanism case.
This construction also obviates any difficulty from floods and surface moisture.

53. It is operated by means of an electric motor, which is supplied
with current from storage or primary batteries, usually at a po-

Fig. 53.
TOP-MAST

Fig. 52.
Two- ox TunEE-Posrrrox MOTOR SIGNAL 11 EC LIANISM.
(General Electric Co.)

Top-mast Mechanism. The mechanism used on the top mast
for two and three-position motor signals is shown in Figs. 52 and

TOP-MAST

Two-

OR THREE-POSITION MOTOR SIGNAL MECHANISM
REMOVED FROM CASE.

(General Electric Co.)
tential of ten or twelve volts. The motor is geared so as to revolve
the clutch wheel, which turns freely about the main shaft. This
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shaft extends through the back of the case for the reception of the
signal arm. Mounted upon the main shaft and rigidly attached
thereto is the sector casting, which supports the clutch magnet and
its toggle levers, which engage with the clutch wheel when the
magnet is energized, thereby causing the main shaft to be rotated
by the motor. At the top of the mechanism is seen the lock or
slot magnet for holding the signal in its caution and clear positions.
When the lock magnet is energized a system of toggle levers, identical with that of the clutch, makes engagement with locking points
on the sector casting. The free gravity movement from clear to
caution and to stop positions is accomplished without the movement of any of the gearing, and is retarded by means of the dashpot at the front of the mechanism connected to the crank on the
main shaft. This dash-pot is filled with a special oil, which has
been found by actual test to remain in a perfectly fluid condition
at a temperature of 45 degrees below zero. The main shaft also
supports the controller segments by means of which the various
circuits are made and broken through the contact fingers, which
are supported on studs rigidly secured to the frame.
The supporting frame of the mechanism which carries the
bearings for the signal shaft and the reduction gearing is made
so as to form a weather-proof case. The joint between the door
and the case is made with a gasket of elastic felt, which is specially adapted to this purpose. At the bottom of the case, and cast
integrally with it, is the socket by which it is secured to the top
of the mast. Inside this socket is an insulating bushing, which
eliminates the possibility of grounds, even if the wiring comes in
contact with the case, or if, through accident, the insulation of any
current-carrying part of the mechanism be broken down. A similar socket is provided at the top of the case for the reception either
of the pinnacle, should the signal be at the extreme top of the
mast, or an extension of the mast, if one or more mechanisms are
to be placed above.
The operating parts of this signal consist primarily of a
dilator, reduction gears, means for engaging and disengaging the
signal shaft from the driving gear, means for preventing shock to
the signal parts when the signal returns by gravity to its stop
position, and the necessary electrical contact devices for securing
the desired movements.

Operation of Top-mast Mechanism. When the signal circuit is
dosed, current will flow through the shunt coils of the slot-magnet, and thence through the motor control sector and its contact
fingers to the armature and series field of the motor. At the
same time a portion of the current will flow around the armature
of the motor through the shunt field. As the armature of the
slot-magnet is resting against the stop pins in the pole pieces when
the signal is in the stop position, only sufficient energy is required
in the slot-magnet to hold the armature from being drawn away
by pressure of the driving pins against the pawl. The slot-magnet
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Fig. 54.
CONNECTIONS FOR TOP-MAST MOTOR DRIVEN SIGNAL.

being energized, the pawl is held in the path of the driving pins,
and, as the motor revolves, one of the driving pins is forced against
the pawl, thereby turning the slot-arm and the signal shaft to
which it is connected. When the arm of the signal has come
almost to its extreme position of " proceed," the motor current is
broken by means of the controller ; but this does not arrest the
movement of the signal, on account of the inertia of the revolving
armature and other parts. It is evident that, on account of a
shunt field winding, the motor, driven by its own inertia, becomes a generator, maintaining its field excitation. Immediately
after the circuit between the motor and the battery is opened,
connection is made through another contact sector, closing a low
resistance circuit between the motor brushes, thus converting tha
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motor into a powerful electric brake to arrest the further movement of the signal. A diagram of the circuits which accomplish
this result is shown in Fig. 54.
As soon as the motor stops the ball ratchet, before mentioned,
prevents any backward rotation of the motor armature, and the signal is held in its clear position until the main circuit between the
signal and battery is opened. It will be understood that the
higher the voltage of the battery the greater will be the speed of
the motor at the time the battery current is cut off, and the
greater will be the inertia of the moving parts. It is also evident
that the greater the speed of the motor the higher will be the
E. M. F. generated in its armature, and the greater will be the
current opposing its forward movement when it is acting as a
generator. It will, therefore, be seen that, whatever the voltage
of the battery, the motor will make practically the same number
of revolutions after its current is broken, and will stop the signal
arm at essentially the same position. This method of stopping the
motor eliminates the necessity for a friction brake, and at the
same time secures better results. When the main signal circuit
is opened, and the slot-magnet de-energized, its heavy armature
falls away from the cores, and this movement is assisted by the
pressure of the driving pin against the pawl. This movement of
the armature throws back the pawl from engagement with the
driving pin, and the signal shaft, together with the slot-arm, are
free to assume the position to which they are normally carried by
gravity. As the signal arm conies to its stop position, the rotation of the slot-arm causes the armature to swing back against
the poles of the magnet, so that it is in position to be held firmly
in place when current is again applied.
Automatic Block Signals with Storage Batteries, I. S. & M. S.
By. The Lake Shore & Michigan Southern Ry. is equipped with
automatic block signals, which are operated by stationary storage
batteries charged by line circuits from power house plants at intervals averaging 15 miles.
The average length of the blocks is about one mile. The home
signal for each block, and the distant signal for the block beyond,
are displayed on the same post. The typical arrangement is a
steel pipe bracket pole carrying two masts for the signals of the
two tracks in each direction. In places where only two or three

tracks now exist the poles are set at such distances as will afford
the proper clearance when the additional tracks shall be constructed. For instance, where only two tracks now exist a bracket
pole is erected on either side of the roadbed, each of these poles
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Fig. 55.
SWITCHBOARD AND CHARGING CIRCUITS AT POWER HOITSE, LAKE
SHORE & MICHIGAN SOUTHERN R. R.

carrying one mast for the two signals of the track which it governs.
As the third and fourth tracks are built, the other mast and signals will be added to each pole.
In the standard arrangement for the four-track line the twc.
interior tracks are for the passenger traffic, and the outside
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tracks are used by the freight trains, the reader bearing in mind
that on the L. S. & M. S. Ry. the trains run left-handed. At
points where special conditions exist, signal bridges instead of
the bracket poles are 'used.
The feature of chief interest in this installation is the operation of the signals by stationary storage batteries charged by line
circuits from power-house plants at intervals averaging 15 miles.
The signals are operated by motors, and the Willard type of storage battery is used. The motors are operated by five cells of 40
ampere-hours' capacity. The battery for each track circuit consists of one cell of 120 ampere-hours' capacity. The track circuits
have independent batteries, but one set of motor batteries operates
all the signals for the two, three or four tracks, as the case may be.
The batteries and instruments for the signals governing all of
the tracks at a station, or in a block, are located in a cast iron case
standing near the signal pole at one side of the tracks. These batteries are in duplicate sets, for service in emergency, and for
alternate service while charging. The batteries are installed in
the two lower compartments of the battery case, with the switches
and relays in the upper compartment. This upper compartment
is tightly sealed against entrance of acid fumes from the batteries
below. A two-way switch is used for throwing the motor battery
or track battery into circuit for charging. The case also contains
resistance apparatus for regulating the charging current.
Each charging plant is located in a small brick building. The
plant consists of a Fairbanks Morse 15 h. p. gasoline engine belt
connected to a Fairbanks Morse generator, the capacity of which
is 18 amperes at 550 volts. Fig. 55 shows the switch-board and
charging circuits. The latter extend 71 miles in each direction
from the power-house, on the average all the batteries on one
side of the power-house being charged in series, the two sets in
both directions from the power-house being in multiple with the
plant. The track batteries are charged separately, with current
of 10 amperes, at intervals of about seven days, and the motor batteries are charged at five amperes about every 10 days. The
charging circuit is of No. 7 weather-proof wire. For emergency
use a portable charging plant has been set up in a box car, which
can be placed on side-track and used in lieu of a stationary plant

if circumstances require. Fig. 56 shows the standard arrangement
of line wires, the charging wires being on the outside of the
upper arm.
Fig. 57 shows the arrangement. of the signal circuits, Fig. 58
the circuits for a cross-over from main track to main track, and
Fig. 59 the standard circuit for a cross-over from main track to
siding. Indicators are provided at all switches. At the end or
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STANDARD ARRANGEMENT OF LINE WIRES FOR AUTOMATIC BLOCK
SIGNALS -USED ON' TILE LAKE SHORE MICHIGAN
SOUTHERN R. R.
commencement of a third or fourth track route-directing signals
are provided. At interlockings the interlocking distant signal acts
as the distant signal for both the interlocking home signal and
the automatic block signal in advance. At other places the distant
signal for a block in advance is placed on the same mast with the
interlocking home signal, and the distant signal for the interlocking home signal is placed on the same mast with the automatic
block signal at the rear of the interlocking plant, all home signals
king slotted and route-locking being provided.
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Automatic Electro-pneumatic Systems. On a considerable
number of electrically operated roads the electro-pneumatic signals
are used. Where the trains make certain stops, as on suburban
lines, the signals are generally set normal clear, and the stops are
generally normal danger. The signals are operated primarily for
a closed track circuit, which is energized by alternating current
furnished from transformers along the line. As used on some
systems, these transformers have a primary winding for 1,100
volts, and two secondary windings, one to supply the track circuit
at 10 volts, and the other to supply the current for lighting the
signals at 55 volts. The return circuit is through one of the rails,
which is divided into blocks for the signal system. The 10-volt
alternating current is fed into one end of the block through a cast
iron grid resistance, which can be adjusted to suit the local conditions of the block it is to feed. An alternating current relay is
bridged across the two rails of the track at the opposite end of
the block from the track feed. This relay will respond only to
alternating current. Its windings, however, would be subjected
to the heating effects of returned direct current were it not for
a low resistance impedance coil which is bridged across the terminals of the alternating current relay, and shunts out the direct
current from the relay, at the same time offering enough impedance to prevent any appreciable shunting of the alternating current. A pair of battery mains at 14 volts are extended the entire
length of the line. It is fed by six sets of storage cells, which are
kept charged from the third rail. This battery circuit is used in
actuating all magnetic valves on the pneumatic movements, and
also for actuating the direct current relays which are used to
light the signals.
The operation of the block signal may be briefly described as
follows: Alternating current is fed into the leading end of the
block, and is taken from the entering end of the block to an alternating current relay. When the train enters the block, the presence of an axle between the rails of the track shunts the alternating
current relay, de-energizing it and breaking its secondary circuit.
The secondary circuit is from the 14-volt battery mains through
the magnetic valves on the cylinders of the signal mechanism. The
breaking of this contact dc-energizes the magnetic valves, allowing
the air pressure in the cylinder to exhaust. A counterweight on
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the signal blade then draws the blade to the danger position by the
action of gravity. The movement of this blade is repeated to the
distant blade through a wire extending back one block.
As the train leaves the block the shunting action of the axle
is removed. The alternating current relay is again picked up,
closing its secondary circuit. This in turn energizes the magnetic
valve, applying air to the cylinder, which draws the blade to the
clear position against the action of the counterweight. It is apparent that the breaking of any wire of the signal or air pressure
will cause the signal to fall to the danger position. The only possible means for a clear failure are a defective alternating current
relay, or foreign currents applied directly to the magnet valve
circuit.
Air pressure is supplied at 90 pounds per square inch through
a two-inch galvanized iron pipe, which extends the length of the
line. This pipe is supplied from air compressors which may be
driven either by steam, gas or electric power.
Electro-gas Signal. One of the latest developments in automatic signaling has been the design and adoption of the electrogas signal. The controlling power of the electro-gas signal is electricity, and the operating power liquified carbonic acid gas. The
liquified gas, stored in a receptacle in proximity to the signal it
normally at a pressure of from 600 to 1,200 pounds per square
inch, and is reduced through a regulating valve to from 40 is 6
pounds pressure per square inch for the operation of the signal.
As constructed by the Hall Signal Co., it is used rot alone
as an automatic signal, but it is taking the place of advance home
and distant mechanical signals at interlocking plants, where dm
latter cannot be reliably operated from interlocki ,Ag cabins by
mechanical connections.
The Hall Electro-gas Signal mechanism for a evo-arm semaphore is shown in Fig. 60. The signal rod which operates the
semaphore arm is connected to the clamp 31 attached to the cylinder rod, and the gas, when admitted to the cylinder 1, causes the
cylinder and its rod to move upward, and the arm to assume the
clear position. The cylinder is movable, and its piston is fixed.
The flow of gas into the cylinder, and its egress therefrom, are
controlled through valves 9-10, which in turn are controlled by
the elects-magnets 16. The lever or clutch which holds the
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signal clear is controlled by a back armature on these magnets.
'When the magnets are energized the front armature 17 is attracted.
This armature is attached to a pivoted crank, to one arm of which
a connecting rod 16 is fastened. The valves which control the
flow of gas into the cylinder and its escape therefrom are controlled by this connecting rod, so that when the armature is attracted the supply valve is opened and the exhaust valve closed,
which makes a free path for the gas from the tank to the cylinder.
This path, from the gauge and regulator 5-6, is through the ex.
pension chamber and its connection 29, through the valve 9,
which has been opened by the movement of the armature through
tube 30 to the inside of the cylinder 1. The pressure causes the
cylinder to move upward on its piston and clear the signal. Clutch
casting 23 is clamped to the cylinder rod and moves with it along
the guide 32. Roller stud 25, screwed into the clutch casting 2.?,
moves along cut-off lever 8 until it raises pawl 22, which is pivoted on a stud screwed into the frame 21. Cut-off lever 8 is shaped
like an inverted T, and is pivoted on its left leg at the bottom.
The right leg is connected to one end of the link 20. The cut-off
lever is counterweighted, so that when -flee to move on its pivot it
will force the link 20 down and close the supply valve. At the
same time the exhaust valve will be opened, as the two valves are
connected, and any mov e ment which closes one opens the other.
As soon as pawl 22 has been raised by roller 25, cut-off lever S is
released, closipg the supply valve, which stops the flow of gas into
the cylin&cr and opens the exhaust valve, and allows the gas
which has been used in the cylinder to escape.
It is apparent that the gas has been used only to raise the
cylinder, not to hold it in its new position. This latter function
is performed by the clutch lever 12, which is suspended on pivoted bearing 36. The toy of this lever has a nose-shaped projection .

clutch casting 23 to pass the projection on the clutch lever 12;
and the signal drops to the stop position. The escape of gas or
air from the cylinder through the exhaust valve is so regulated
that the piston and cylinder become a dash-pot, preventing any

violent drop of the cylinder when the signal assumes the stop
position. Circuit breaker 15 is used to control the distant and
other circuits. It is operated by rod 13 through a crank. The
upper end of rod 13 is bent at right. angles and has a lug, as
shown. Roller 25 moves 13 up by striking against the bent
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end of clutch lever 12 carries an armature for magnet 16, and
when the magnet is energized the clutch lever is held in such a position that the latch on casting 23 rests on the nose of clutch lever
12, and holds the signal in the clear position. When the magnet
becomes de-energized clutch lever 12 is released and the counterweight of the signal, falling, causes clutch lever 12 to fly backward on the pivot 36 a sufficient distance to allow the latch and
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top, or down by striking the lug. Spring 1-1- will pull 13 down
in case the lug should break. Cut-off lever 7 is left-handed, and
8 is right-handed, and the same is true of 11 and 12.
The piston and cylinder are made of phosphor-bronze, ground
to a true fit. The cylinder being inverted and moving on the piston, it can have a solid head, certainly preventing the entrance of
water. Its pedestal has a brass bushing.
The local wiring arrangement for an electro-gas mechanism,
when used in the normal danger systems, is shown in Fig. 61.
Advantages of the Hall Eleetro-gas Signal. In addition to the
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small cost of operation, the following advantages are claimed fa
the gas signal over other forms of automatic semaphore signals,,
viz :First. As an independent power signal, its advantages over
all forms of compressed air signals are apparent, in that the power
for each signal is independent of all other signals in a system, and
any derangement or accident to the connections of a signal affect
that signal only.
Second. The power available to operate the gas signal can be
made as great as desired; accordingly the counterweight of the
signal arm may be made as heavy as desired.
Third. The signal arm is maintained in the proceed position by the continued energization of the magnets ; the valve which
controls the flow of gas into the cylinder is open only during the
operation of the signal, and there is accordingly no chance for this
valve to freeze or stick while open, and hold the signal arm in the
proceed position when the clutch magnets are de-energized.
Fourth. The design of the mechanism is simpler than in
any other form of automatic semaphore signal.
Fifth. The gas which escapes from the cylinder into the
signal cases keeps the air which surrounds the mechanism free
from moisture, and prevents the accumulation of frost on the
working parts, and the consequent stiffening of the working joints,
Sixth. There are no delicate parts in the mechanism, such as
motor commutators, that are affected by exposure to weather influences. From tests made in actual practice, it has been found
that the electro-gas signal will reliably operate when exposed to
the severest storms.
Seventh. On account of the small amount of electrical
energy required to operate the clutch magnets on the gas machine,
quite as good results are obtained from potash batteries placed in
the signal cases during severe winter weather as during the
milder seasons.
Automatic Stops. An automatic stop is a piece of apparatus
which may be operated either mechanically or by means of an
electro-magnet, which is used for stopping trains by some means
which is operated from outside the train. In the simplest form
an automatic stop consists of a trip fixed on the roadway and
moving in unison with the usual visual signal. This trip is made
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to operate an air valve on the engine or car, thereby applying the
power brakes or shutting off the propeller power independently of
the engineman or motorman.
Automatic signals reach their highest perfection in such installations as those on the New York subway and the Boston and
the Philadelphia elevated road, where automatic stops are provided to guard against physical or mental disablement, or carelessness on the part of the enginemau or motorman. Because of
the difficulty of maintaining this auxiliary apparatus on lines exposed to drifting snow and carrying a heavy miscellaneous traffic,
and also because of the cost of maintenance and the reduction in
the traffic capacity of the railroad, the automatic stop has not yet
been used, except in special conditions like those of the roads
named.
Signal Circuits. Commercial signal circuits may be divided
into two kinds, one known as the control circuit, and the other as
the working circuit. A control circuit has usually a low voltage,
and the circuit wires are not of great length. The most common
type of control circuit is that constituting what is ordinarily
termed the track circuit, which includes the rails of the section
to which it is applied, with the requisite track battery relay and
interconnecting rails. The primary purpose of the control circuit is to close and open the circuit, the latter delivering considerable energy and operating the devices included in the direct operation of the signal semaphore. The working circuit, therefore, includes the mechanism of the semaphore. The main battery, which
is in this circuit, is always open-circuited, so that the working
circuit is only in operation when the control circuit affects it.
Signal Relays. The relay is a most vital part of a railway
signal system, as it is on its action that the performance of the
other apparatus depends. In a track circuit the relay is delicately
4djustecl to close its armature on the passage of the weak current
of the track circuit. This in turn closes the strong local circuit
which works or controls the signal. When the armature of the
relay is attracted it closes front contact., and when the coils on the
magnet are de-energized and the armature falls away by gravity,
or is drawn away by a spring, it closes a wire contact. A relay
often has an armature which bears on a number of contacts, so
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that a number of different. local circuits may be opened and
closed by its action.
Track Circuits for Automatic Block Signals. The track circuit
is the vital feature of modern block signaling, and has made the
present high development of automatic signaling possible. Its
essential feature is a section of track insulated at each end from
the adjoining sections of the track. Each rail in the section is
connected to the ones adjoining by bond wires, for the purpose of
making a continuous conductor from one end of the section to the
other. The contacts made by ordinary rail splices are not good
electrically owing to wear, rust and the loosening of bolts. Two
bond wires are usually used at each joint, so that should one break,
the circuit will remain continuous through the other. These bond
wires are secured to the rail by means of "channel pins," or other

Elements Affecting the Track Circuit. Notwithstanding the
fact that the track circuit is the governing and most important
factor in an automatic signal system, it has only been within recent years that its principles and theory have been generally
understood by signal engineers. There are five principal elements
in a track circuit which govern its operation: First, the voltage
and internal resistance of the track battery; second, the resistance
of the rails and joints; third, the leakage between the rails
fourth, the resistance of the relay coils; and fifth, the leakage
through the insulated joints. In addition to these, stray earth
currents or foreign currents frequently cause interference with the
operation of the track circuit. The resistance of the relay coils
is the only constant in the above qualities.
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Fig. 6'2.
SIMPLE TRAGIC CIRCUIT FOR AUTOMATIC BLOCK SIGNALS.

Fig. 63.

suitable devices. On electrically operated roads, where tracks are
bonded for the return propulsion current with heavy copper bonds,
no additional bond wires are necessary. At one end of the insulated track section is a battery, the positive terminal being connected to one rail and the negative terminal to the other. At the
other end of the section is a relay connected to the rails in a similar manner. Fig. 62 shows a typical track circuit. Current flows
from the positive side of the battery through the lower rail, the relay and the upper rail back to battery. This keeps the relay
energized.
Fig. 63 represents an arrangement of track circuit and connections for normal clear automatic block signals. If the car or
train occupies the track between the insulated joints, 3 -4, it
shunts the relay H. This allows the armature to drop, opening the
local circuit, de-energizing the magnet, which, when energized,
bolds the signal in the clear position.

TRACK (.1 IRcUlT AND CONNECTION
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Reliability of Track Circuits. Since the conditions which enter
into the control of a track circuit are known, it is feasible, by
proper attention to batteries, proper bonding, care of ballasting,
regulating the length of track circuits, etc., to control these conditions and operate track circuits very reliably. Experience gained
by the use of track circuits, the limits of variation of the track
battery, rail resistance and track leakage, have caused these factors to be more thoroughly understood. Among the most troublesome factors in track circuits is the leakage through the insulated
joints and its protection against foreign currents. At the present
time these are still very troublesome factors in the operation of
track circuits, and, although the methods of control may be said
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to be comparatively reliable, they will never be absolutely so until
these leaky factors have been entirely removed.
Insulated points. Joints have always been considered an
essential for the separation of blocks in automatic signal installations, and the efforts of signal engineers have always been to improve the design and manufacture of these joints. Notwithstanding the fact, however, that there has been a large number of improvements made in the joints for installation between rails, a
perfect joint which has no disadvantages has not yet been devised,
and it is claimed by signal engineers that any form of joint is a
drawback to signal systems and the maintenance of the track.
With the advent of the electric locomotive the insulated joint
has become a still greater problem, because in third rail systems the
running rails are used as conductors for the return of the current
used in the railway motors. It can easily be seen, therefore, that
it is quite necessary in electric roads to use a continuous track
circuit; consequently any insulated joints which may separate the
blocks would be a detriment to the proper return of the current
to the power-house. Therefore, where the standard track circuit
with insulated joints is used on a third rail system, it has been
found necessary to supply reactance bonds to bridge the insulated
joints. To overcome this difficulty, however, some systems have
been installed for electric roads in which one rail was used for
the return power current, the insulated joints for the separation
of the block sections at the signals being provided in the other rail.
Track Relay. The track relay is a development of the instrument of the same name used in the telegraph. It consists of
an electro-magnet of the horseshoe type, provided with an armature. The armature is attracted to the magnet when the latter is
energized, and is drawn away by gravity or by a spring when the
magnet is de-energized. The armature carries one or more fingers
for making or breaking electric circuits through points or stops.
The presence of a pair of wheels or train in the section will
short-circuit the battery, shunting the current out from the relay
and causing its armature to drop, because the resistance through
the wheels and axle of an ordinary car or engine is infinitesimal
compared with that of a relay of 31 ohms or more. Consequently
the relay is deprived by the wheels and axles of current necessary

to maintain its attractive power for the armature. The minimum
resistance usual in track relays is 3i ohms.
In normally open-track circuits the resistance of the relay
should be lower than in normally closed. Their use is necessarily
limited to track sections of a few rail lengths only; in longer sections the low insulation resistance from rail to rail would allow
the flow of enough current to hold up the relay after a train had
passed out of the section. Gravity battery should not be used unless the traffic is very heavy, as a gravity cell soon deteriorates and
becomes inoperative on an open circuit.
The use of normally open-track circuits is also limited on
account of the fact that there is no certainty that the relay will
pick up. Any failure of the apparatus, such as a broken rail,
exhaustion or breakage of the battery cell, breakage at any of the
wires, will render the apparatus inoperative. Such failures are
not readily detected, as they merely maintain the apparatus in its
normal condition. With a normally closed circuit the reverse is
true. Here any failure will be almost immediately detected, and
will be on the side of safety.
Voltage and Length of Track Circuits. Circuits for the control of various signaling devices are broken through the contact
points of the track relay. Such apparatus cannot be operated directly by the track circuit, because to furnish them with sufficient
current a battery of large electro-motive force would be needed.
On account of the low insulation resistance of the ties and ballast
it is unwise to use a battery of more than two volts potential.
With any higher voltage the leakage from rail to rail, especially
in wet weather, becomes equivalent to the presence of a train in
the section. For the same reason track circuits cannot be made
of unlimited length. The resistance of the rails also has to be
considered in determining the length of a track circuit.
Where it is necessary to control signaling apparatus by track
circuits over such a length of track that one circuit would not
work, two or more circuits are employed. The control circuits
may be broken through the relays of the successive track circuits,
or "cut sections" may be introduced.
Batteries for Track Circuit. Almost any kind of closed circuit primary battery can be used to supply current to a track circuit, but in practice gravity or storage is ordinarily used. Gravity
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battery is used to a greater extent than any other type of primary
battery on account of its suitability to closed circuit work. It has
a high internal resistance compared with its electro-motive force,
and, therefore, will not exhaust so rapidly as other types. Potash
ur soda batteries might be used by inserting resistance in the
same manner as with a storage battery, except that they are found
/lilt to be so economical in practice. When a gravity battery is used
not more than two cells are usually placed in series.
When the secondary or storage battery is used it is necessary

and, at the same time, must be divided into electrically insulated
sections as far as signaling current is concerned.
Second. Because the traction current flowing in the rails
would tend falsely to operate the track relays were they of the
usual direct current type; hence, the necessity of employing relays
which are unaffected by the traction currents, and supplying a
signal current of the right character to operate them.
Third. Because of traction purposes cross-bonding between
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RAIL FOR SIGNAL TRACK CIRCUIT.

tracks is necessary at frequent intervals, thus influencing the

to insert a resistance in one or both battery leads to restrict the
flow of current, and prevent the battery from becoming exhausted
by the passage of one train, and otherwise injured by over-discharge, as explained in the definition of storage batteries.
The Alternating Current Track Circuit. In the signaling of
roads employing steam as the motive power, the track circuit is
comparatively simple. When, however, the rails are required to
carry the heavy currents called for by electric traction, the track
circuit problem becomes more difficult.
First. Because the rails must be made electrically continuous throughout to serve as a return for the propulsion current,

arrangement. of track circuits.
Figs. 64, 65 and 66 show three types of track circuits, which
fulfil the requirements imposed by electric traction. In all of
these alternating current is used for signaling purposes. The
track relay contacts are operated by a small two-phase induction motor, one winding of which is energized through the track
rails, and the other winding direct from the power line. This relay is not affected by direct current, no matter what. frequency,
within reasonable limits, is used for signaling, and is not affected
by alternating current if a frequency distinctively different from
That of the traction current is used. For in a two-phase induction
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motor, if the phase in one set of field coils varies greatly from that
in the other, the motor will not operate. As both sets of fields in
the two-phase induction motor relay are fed from transformers
on the same single-phase power line, some agency must be provided to produce different angles of lag in the two secondary circuits, otherwise the relay would not act. Such agency exists in
the different apparent resistances of the line circuit and the track
rails ; also in inductive and impeding effects of the rails Rini
bonds. It is not necessary, however, to use two-phase motor relays,

ble to give up one of the rails for signaling purposes only. It is
best adapted to roads employing direct current for propulsion.
The rail A is continuous throughout, and is used as a return for the
traction current. Rail Al is insulated at the joints J-J, and is
used only for the signaling current. P is an alternating current
relay of the two-phase type. When both windings are energized
the motor revolves, and being geared to the contact closes it, the
contact acting as a stop to the movement of the armature, which
now ceases to turn, but bears against the contact, holding it closed.
When a train enters the track circuit the current from transformer T 1 is shunted out of the relay, as already described, in the
ordinary direct current track circuit, and, although current from
the transformer T still continues to flow through one winding,
the motor loses its torque, the armature is revolved in reverse direction by gravity and the relay contact opens.
R and R 1 are resistances so proportioned that the drop in
potential in rail A, caused by the flow of traction current, will
not cause injurious currents to flow through the relay P, or the
secondary at the track transformer T'. The resistance R 1 also
prevents an excessive flow of current from transformer T 1
whenatrisdgheanform.Tsitce
are of the non-inductive type. They are made of cast iron grids.
It can readily be seen from their form that current passing
through them produces no magnetic effects. The grids are
mounted on two or more rods, which are provided with the necessary insulation, and can be huilt up to any desired resistance.
On roads using direct current for propulsion where traffic is heavy
it has also been found desirable to use a small impedance coil or
"ironless" reactance bond connected in multiple with the track
winding of the relay. This coil, being of very low ohmic resistance,
assists the grid R in keeping direct current out of the relay.
T and T 1 are step-down transformers, which reduce the voltage from the power line to that required for track circuit and
other purposes. Cross-bonding for traction purposes may be made
at any point on the continuous rail A.
Fig. 65 represents a type of alternating current track circuit
in which both rails are retained for propulsion purposes, and
which permits of cross-bonding from one rail of either track to
one rail of the other track at any point desired. It is best adapted
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ALTERNATING TRACK CIRCUIT USING Two
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as single-phase induction relays may be used, but where the track
circuit is long and leakage heavy it is better to use two-phase relays, as they have a good torque with a small current from the
track.
Single and Double-rail A. C Track Circuit. On account of the
fact that alternating current is used for signaling, and that either
one or both of the rails may be used for the propulsion current
return, the circuits are known as "Single-rail A. C. Track Circuits" or "Double-rail A. C. Track Circuits."
Fig. 64 shows the "single-rail" circuit, which is the simplest
form of A. C. track circuit, and is only used where it is permissi-
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to installations where the track circuits are very long, and where
the traffic, and consequently the propulsion, current return is

in such a manner as to have no magnetic effect unless more current is flowing in one rail than the other, in which case there
would be a tendency to saturate the iron core and thus reduce the
reactance of the bond. The tendency is, however, limited by an
air gap in the magnetic circuit. This difference of current is
called unbalancing. This can be better understood if it is noted
that propulsion current flows in the same direction in each rail,
Therefore, the bond is in effect two electro-magnets of equal
strength wound on the same cores in opposition. Thus the magnetic effects due to direct current in one winding will neutralize
those in the other, unless more current should flow in one rail than
in the other. If the iron core were continuous, the effect of an
unbalanced propulsion current would be to shift the neutral
magnetic point along the core a distance proportional to the
amount of unbalancing. For this reason the air gap is introduced
in the magnetic circuit, and the wider the gap the less the neutral
point will shift for a given amount of unbalancing, because air is
a poor conductor of magnetic lines of force compared with iron.
But the wider the air gap is made the lower becomes the inductive effects of the iron, (which is a maximum when the core is continuous), and the greater the leakage of alternating current across
the rails, due to the impaired reactance.
Track circuits, as shown by Fig. 65, may be satisfactorily
operated to a length of about 2,500 feet, and to a length of 5,000
feet by applying the energy at the center of the section.
Coleman System of Signaling. Since an ordinary track current is not available for successful block signalings on alternating
current track circuits, other systems have, of necessity, been devised, one of which merits a particular description. This system
is known as the Coleman system of signaling for electric roads,
and was placed in operation on the Long Island Railroad in
June, 1908; and it is said that there has not been one failure of
operation of the system since that time. This system does not require the use of insulating joints, and is, therefore, particularly
advantageous on any line of railroad, but more especially one using
an alternating current circuit. On the Rockaway Beach Division
of the Long Island Railroad the electric trains are operated by the
third rail system, with 500 volts direct current as the operating
power. At the sub-station an alternating current is transformed

light. It is applicable only to roads using direct currents for
propulsion. Rail A is continuous throughout, and rail Al is
divided by the insulated joints JJ. Both rails are available for
the propulsion current, rail A because it is continuous, and rail A'
because it is made continuous by the "transformer bond" B and
"reactance bond" C, which are of very Iow ohmic resistance, and
have a current capacity of half that per track. The "transformer
bond" B has a secondary winding, as shown, which is connected
directly to and energizes one of the windings of relay P. If the
relay winding in question were connected directly to the rails,
an excessive amount of direct current would flow through it, owing
to the low resistance of the relay winding and the drop of potential in the main coil of bond B, due to the flow of traction current ;
hence, the secondary winding on this bond.
The track relay P and its operation are the same as described
for Fig. 64, and the transformers and resistance grids are of the
same general character. With good rock ballast track circuits of
this type, up to 9,000 feet in length, have been operated satisfactorily. It is, however, possible to operate with equal satisfaction track circuits of twice this length by placing the energy
transformer bonds B and track relays P at both ends, the signal
control circuit being carried through the contacts of both these
relays in series. If cross-bonding is required to the insulated rail
at the center of the section, a reactance bond C would be connected
across the rails as shown.
Fig. 66 shows another type of alternating current track circuit, in which both rails are retained for propulsion purposes, but
in which cross-bonding to adjacent tracks can occur only at the
ends of track circuits. This type of track circuit is especially
adapted to roads where the traffic is very heavy and the blocks of
medium lengths, and is applicable to either alternating current or
direct current traction. As shown, both rails are insulated at the
signal locations by the points J, and are made continuous as concerns the traction current by the iron core reactance bonds B.
The bonds consist of a few turns of very heavy copper wound
around a laminated iron core, and so connected to the rails that
the traction current in each rail flows through rse-half the bond
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from 6,600 volts, 25 cycles, to 2,200 volts, 25 cycles, at which
voltage it is carried through the different sections of the road
where automatic signals are used on two No. 2 bare copper wires
for the signal supply current. A three kilowatt step-down transformer is used for reducing the voltage to 220, which is the voltage used for the signal supply for the system. Fig. 67 shows the
locations of the signals installed with the Coleman system of track
circiiit control. It will be noted that the signals for both directions are located on one side of the track, which in this particular
case is found necessary in order to obtain a view of the signals,
as the telegraph line obstructs the view on the other side. The
blocks are approximately 2,700 feet in length, and home and
distant signals are used as on other sections of the road. At each
signal location a storage battery of five cells in duplicate, charged
from the third rail through resistance, is used for operation of the
motors and slots. At one of the signal locations, however, the
storage battery is not used, but in its place is substituted a rectifier of special design which is connected to the alternating current
circuit through the regular relay transformer, which provides a
direct current at 12 for the operation of the motors and slot magnets at this location. Fig. 68 shows the circuit for the operation
of the track circuit. At each signal location two No. 0000 copper
cross-bonds connect the rails, forming a short-circuit between the
rails and these points. A track transformer, the primary of which
is connected to the signal supply wires, and the secondary to the
two rails, and which supplies alternating current at 25 cycles at
approximately 4 volts to the track, is provided at the center of
each block. A path for this current is from secondary connection
"A" to the rail "B," through cross bonds "C," rail "D," connection "E," and then to the other side of the transformer secondary. At the same time a current of equal value passes from
the secondary connection through the other rail, cross bonds, to
the transformer, so that the alternating current passes continuously through both rails throughout the block. At each end of the
block a coil of wire is placed along the rail, with its terminal
connected to the armature of an alternating current relay of the
two-circuit type. This coil is wound continuously
, as in a transformer or magnet coil along and between the rails. The wire is
protected from mechanical injury by angle irons along the
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rails and clamped to them. These angle irons, in addition to
forming protection to the coils, increase their electrical efficiency
by providing a core. As shown in Fig. 68, the alternating current
which passes along the rail "B," cross bonds "C" and rail "D,"
produces a current of the same frequency in this coil, and the induced current is carried through the armature winding of the twocircuit relay "R." This action on the coil is the same as the
action of a transformer; the rails through which the initial current passes from the primary of the transformer, the angles and
clamps form the core, and the coil forms the secondary of the
transformer. The fields of the relay are connected directly to the
main signal supply wires through a field transformer, which reduces the supply from 220 volts to 55 volts. The construction of
the relay is such that the operation depends upon the relay receiving a current of the same frequency through both the field and
armature coils in synchronism.
The operation of the Coleman system is as follows: A train
entering a block as at "A," Fig. 68, cuts off the supply of track
coil "B," which is supplied from track transformer "C," and in
consequence the armature or track relay "R" is de-energized and
the contact opens. As the train proceeds in the block and approaches the center where the connections are made to the track
transformer, this transformer is short-circuited to such an extent that the relay "S" at the opposite end of the block, as well
as relay "R," is de-energized and its front contacts open.
The complete operation and the signal circuit diagram are
shown in Fig. 69, and, as will be noted, it is a normally clear
wire circuit with home and distant control. The -wire for each
home signal is carried through the home block, in order that the
home signal may be controlled through a contact on a relay at
each end of the block in series circuit.
The breaking of a cross bond causes the signal to go to danger,
because the circuits from the transformers on each side of the
bond are broken. When, however, a train is between two adjacent
track transformers, it completes a circuit from each. The connections of the transformers and relays are made in such a manner that the train approaching the broken bond clears the signal
in advance, but the current to the train from a source to the rear
will not give a clear indication. Broken rail protection is also

afforded on both rails, since a broken rail will cut off the supply
to the track coil at one end of the block and de-energize the relay
at that end. It is also feasible with this system to cross-bond between tracks on a two or more track road at each signal location
without interference with the operation of the system or the protection afforded by it.
This system is equally practicable for steam roads. The only
effective remedy for foreign current interference with the operation
of track circuits is the use of alternating currents for track circuits, with relays which respond to the alternating current supply
only. Not only does the system provide these safeguards, but, by
dispensing with the insulated joints, it provides a track circuit
free from the serious defects of direct current track circuits as
ordinarily used.
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Signal System Used in the "Electric Zone" of the New York
Central & Hudson River R. R. The signal system designed by the

General Railway Signal Co. and installed at the New York City
terminal of the New York Central & Hudson River R. R. illustrates the use of an automatic electric block signal system for a
direct current electric road, in which alternating current is employed for the operation of the track circuits and all the signal
devices.
The signals are of the two-arm, two-position, semaphore type,
with a full block overlap arranged on the normal clear principle.
The signals are spaced from 800 feet to 3,200 feet apart to conform to the condition of the grades, the allowable speed at different points and the safe braking distance.
Twenty-five cycle, single-phase alternating current is used
for the operation of the entire block signal system. It is nor I
malyobtinedfrhacompny's1,0vlt25ce
bus-bars, and stepped down, by means of static transformers, to
2,200 volts for distribution. As a reserve, in case of failure of
the 11,000 volt power, motor generators are installed taking power
from the railroad company's 650 volt storage battery. The switchboard circuits are arranged so that the transformer and motor
generator can operate signly or in multiple, as desired.
There are eight sub-stations, arranged six miles apart, varying in capacity from CO to 100 k. w. In addition to the power
required for the block system, these sub-stations also supply the
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power for operating the battery, charging motor generator sets,
signal lights, indicators, relays, etc., employed in the interlocking
plants in the Electric Zone.
The transmission line is interrupted midway between adjacent sub-stations, so that normally each sub-station feeds both
ways, being independent of its neighbor; this to avoid the need
of keeping them in synchronism. In case of emergency, however,
the transmission lines can be connected at the center and be supplied from either sub-station. The transmission line is partly
aerial and partly underground. The aerial line consists of No. 0
hard-drawn copper wire strung on the railroad company's transmission line poles on the inside pins of the lower cross-arm. The
underground line consists of No. 6 twin conductor lead-covered
cable run in tile ducts or iron pipe, as required.
Small 2,200 to 55-volt line transformers, from 1 to 5 k. w.
capacity, are suitably located near each group of signals or other
required centers of distribution. They are connected to the aerial
lines by plug cut-outs, so designed that a transformer may be disconnected without danger. They are connected to the cable lines
by combined fuse and junction boxes. Cartridge fuses are supported on porcelain insulators and mounted in separate slate compartments, and the cables terminate on binding posts, so that
either cable may be disconnected without disturbing the other.
The 55-volt line transformer secondaries are protected from the
2,200-volt primary in case of insulation failure by a grounded
shield.
Double-rail alternating current track circuits with iron core
reactance bonds are employed. Each reactance bond is -wound
with eight turns of copper, having a sectional area of one square
inch, with a continuous carrying capacity per track of 5,000
amperes, a short-time overload of 10,000 amperes and an unbalancing capacity of over 1,000 amperes, the latter without varying
the reactance over 5 per cent. The apparent resistance of the
bond to alternating current is approximately five one-hundredths
of an ohm.
The bonds are provided with an adjustable air gap in the
magnetic circuit to limit the effect of unbalancing, as explained
above, so that the reactance or unbalancing capacity can be
varied as required to suit local conditions. The bonds are put

up in pairs and mounted in iron cases. They are set between or
outside of tracks. A connecting chamber is provided in the case
between the coils, in which all coil ends terminate, and where all
connections to the rails, transformers, relays and cross-bonds are
made, and then concealed by a suitable cover.
The copper connections after leaving the bond terminals go
downward and underground to the rails, where, after passing for
a short distance above the ground to insure flexibility, they are
connected to the rails.
This construction leaves the space between the ties and rails
free from obstruction (thus facilitating the repair of the tracks),
and also conceals the copper as much as possible, tending to prevent theft. The bond connections to rails consist of two 500,000
circular mill flexible cables in multiple. The coils are immersed
in transformer oil. The track circuits and relay local phases are
supplied with energy from small track transformers. The transformers are wound for a primary voltage of 55, a track secondary
voltage, variable by means of taps, from 2 to 6, and a relay secondary giving two volts. The transformers have a closed magnetic circuit, and are provided with slate terminal boards having
a binding post for each terminal or tap. They are oil-cooled, and
are kept in water-proof iron cases, provided with six outgoing
flexible leads.
The track relays employed on the Electric Zone are of the
single-contact polyphase type. They are used as primary relays
to operate secondary or repeater track relays, which in turn are
equipped with a suitable number of contacts for the control of
the various circuits. The relay is immune to the effects of direct
current, and can be made immune to the effects of alternating
current traction currents by employing a distinctively different
frequency for signaling, it being apparent that the relay cannot
operate unless the frequency in the track and local phases is in
synchronism. All contacts and other working parts are visible
through glass-covered openings. Rubber gaskets make the relay
water-tight. These relays give a rubbing pressure between the
contacts in closing, and are wide open when de-energized.
The secondary track relays, as mentioned above, and all motor
control relays, are of the alternating current tractive type. These
relays are equipped with a three-legged laminated magnet, having
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coils of different reactance, whereby a phase difference between
the two coils is produced, the combination resulting in a uniform
magnetic pull when the relay is energized by single-phase alternating current. The relay has a capacity of four front and four
back contacts, and is wound to operate on 55 volts. It is glassenclosed and made water-tight by gaskets. The track secondary
relays are equipped with platinum to graphite contacts, and the
motor control relays with heavy carbon to carbon contacts.
The signal mechanism is designed for heavy duty, high-speed
service, it being necessary to clear the signals in two seconds.
On account of the heavy spectacle used, the upward thrust on the
operating rod is over 200 pounds. The mechanism is operated by
a one-fourth horse-power single-phase induction motor, having
starting and working coils. An automatic centrifugal switch is
used to open the starting coils as the motor speeds up. The
motor revolves in one direction in clearing the home arm, and
in the other direction in clearing the distant arm, a ratchet arrangement being provided for this purpose.
Single-track Automatic Systems. Until within the past five
years single-track lines (with one exception, the Cincinnati, New
Orleans & Texas Pacific) made little use of automatic signals,
for there are peculiar difficulties on such lines. To make the signals efficient in preventing collisions between trains running in
opposite directions, the controlling circuits must be more extended and complicated than those on double track, for each of
the two trains approaching each other must set signals at "stop"
against the opposing train so far in advance of itself as to insure
that both trains will receive stop indications in time to stop before meeting. And, in addition, when a train finds a signal at
"stop" it must not proceed, as it would on double track, merely
looking out for a train standing or moving in the same direction
as itself, but must suffer considerable delay by sending a man
ahead with a red flag or light, because there is the possibility
that a train may be approaching in the opposite direction. In
spite of these difficulties, however, automatic signals are being
installed in large numbers on single-track lines by seine companies. The arrangement of track circuits is such that every
other insulated section controls signals for trains going in one
direction, and the remaining section . control signals for trains go-

ing in the opposite direction. These signals are placed on opposite
sides of the track, so that they will be in view of the engineer
when the train is going in either direction. These signals, moreover, are suitably interlocked by means of auxiliary contacts on
the track relays, so that the train is actually protected for at
least three blocks ahead.
The operation of the relays and signals is the same as used
in connection with double-track signals, except that the signals
are dependent upon three relays instead of one. Assuming a
train entering a block, one signal is set behind the train and two
in advance. Upon entering the next block an auxiliary contact
on the next relay prevents the operating circuit from being closed
through the signal protecting its rear, and another auxiliary contact prevents the signal farthest in advance from returning to
clear. The intermediate signal, however, returns to clear, and
operation is repeated on entering the succeeding block. Hence it
will be seen that signals which are set for the guidance of trains
going in the opposite direction return to clear as soon as they are
passed, and the other signals turn to danger upon passing the
signal, and remain at danger while the train is running through
three blocks.
Overlap. When block signaling is used, the signals are so
placed that the sections they control overlap; that is, a certain short section will be controlled by two signals, one at the
beginning of one block, and the other at the beginning of the next
block, so that, if a train should break down immediately after
passing a signal, the preceding signal could not be clear, in which
case an approaching train would be sufficiently -warned to prevent
its colliding with a disabled train.
On single-track lines, automatic block signals are arranged
so as to prevent the occurrence of a collision between trains moving toward each other, which without overlap might pass clear
signals at the same moment. The opposing signals are so situated
that each train will encounter a stop signal before it - can meet the
other.
An arrangement of overlap is shown in Fig. 70. When signal
A indicates stop, it cannot be cleared until the train has passed
beyond the overlap, in which case signal B will indicate stop before A is cleared.
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Batteries Used for Signal Installations. There are two types of
batteries used in signal installations, the primary battery and the
storage battery. When primary batteries are used they are always
of the closed circuit type; that is, they are capable of withstanding
continuous full normal current discharge. There are three types
of primary cells used, Gravity, Gordon and Edison primary cells.
Gravity Batteries. In the gravity, which is of the two-fluid
type, the different specific gravities of the liquids used is the only
principle involved in keeping them apart, porous cups and
diaphragms being thereby eliminated. The liquids used consist
of a saturated solution of copper sulphite and a diluted solution of
zinc sulphate ant i sulphuric acid, the acid being formed only
during the action of the cell. The general arrangement of a
gravity cell is shown in Fig. 71. The copper element is shown

When a gravity battery is in proper condition there should
be a blue line of separation about midway between the top of the
cell. The electro-motive force of this cell or open circuit. is about
1.1 volt, and the interior resistance will be found to vary to
3 ohms. Under these conditions it will give a current or circuit
varying from to 21 amperes. A gravity cell of this type is
more commonly used for track circuits, its principal disadvantage,
however, being its particularly high internal resistance.

•
A.0-41,1.
Fig. 70.
OVERLAP AS USED WITII BLOCK SIGNALS.

at C, and rests upon the bottom of the jar, and is connected to the
external circuit by an insulated wire. The copper is partly covered with crystals of copper sulphate, these coppers being surrounded by a strong solution of copper sulphate. Above this latter solution, and separate from it, is the solution of zinc sulphate,
in which the zinc Z is immersed. The zinc is connected to the
other side of the external circuit.
The action of a gravity battery is as follows: When the external circuit is closed the small amount of sulphuric acid which
is always present attacks the zinc, forming zinc sulphate and
hydrogen. The zinc sulphate remains in the upper part of the
liquid, while the hydrogen passes to the copper sulphate, and thus
forms sulphuric acid and metallic copper. The copper is deposited
upon the copper element, while the sulphuric acid rises and attacks the zinc. This action continues as long as the external circuit is closed.

Fig. 71.
GRAVITY CELL USED IN SIGNALLING SYSTEMS.

Another type of primary battery used for
signaling is known as the Gordon cell, the elements of which are
iron and zinc, while the electrolyte is a strong solution of sodium
hydrate or caustic soda. In this type the positive zinc element is
generally bent in a cylindrical form about inch in thickness. It
is thoroughly amalgamated to prevent local action, and is fastened
to a perforated cylinder, which it surrounds. This interior positive cylinder is partly filled with a flaky oxide of copper, the iron
and this compound forming the negative element. The electro
Gordon Batteries.
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lyte generally consists of a 25 per cent solution of caustic soda ;
that is, three or four pounds of water are used to one pound of
caustic soda. A heavy mineral oil is used to cover the surface of
the liquid. This is done because caustic soda has a strong affinity
for carbon-dioxide in the atmosphere. An ordinary cell of this
type is what is known as a 300-ampere hour cell, the jar being
about 6 inches in diameter by 8 inches high. When the cell is renewed it is usual to throw the entire cylinder and its contents, and
also the zinc, away and to renew the entire interior of the cell.
Edison Batteries. The Edison -battery is another type of primary battery which has been used to some extent for signaling
purposes. The elements of this cell are generally zinc plates and
copper oxide plates. The exciting solution or electrolyte consists
either of caustic soda or sodium hydrate, the latter being the more
preferable. The liquid is covered, as in the Gordon cell, with
a heavy mineral oil to protect the liquid from the atmosphere.
The cell is renewed by removing the zinc, the oxide plates and the
solution and replacing new elements. The surface of the liquid
should be about 1 inch above the top of the zinc and oxide plates.
A 300-ampere cell of this kind has an interior resistance of about
.025 ohm, a voltage of about .67, a continuous current of about 6
amperes, and a circuit current of about 27 amperes. The low interior resistance of this cell is one of its particular advantages, as
is also the uniformity of operation, freedom from local action,
constancy of current output, ability to withstand low temperatures
and the absence of any objectionable vapor.
The principal disadvantages of both the Gordon and Edison
cells are the low terminal voltage, the rapidity with which they
give out and the excessive heat caused by the dissolving of the
caustic soda in water. The use of oil on the surface of a liquid
is also rather troublesome, as the outside of the jars must be frequently cleaned.
Storage Batteries. Storage batteries have many advantages
over primary cells which make them particularly adaptable to
certain kinds of signaling. When large amounts of energy are not
required, storage cells may be economically used for supplying a
large amount of current for a considerable length of time. Storage or secondary batteries consist of a hard rubber or glass jar,
in which is placed a series of lead plates, half of which are con-

nected to the positive terminal, and the other half to the negative terminal. A weak solution of sulphuric acid covers the plates,
which are held together with thin pieces of hard rubber. The
plates are charged from some external source of direct current,
which sets up in the cell certain chemical actions. The positive
plates become coated with a reddish brown substance, which is
known as peroxide of lead, and the negative plates are deoxidized,
leaving a clean surface of lead. After the plates are charged with
a direct current they are discharged by the current used in the
various secondaries, and after the voltage has dropped to about
1.8 volts for each cell they are recharged again. This process of
charging and recharging may be done many times before the cell
deteriorates to any extent. The voltage of a cell should be about
2.2 volts when fully charged, and they never should be allowed
to fall below a voltage of 1.8 volts. When a cell has reached this
voltage any further discharge will cause it to deteriorate very rapidly. An indication of whether the cell is charged or discharged
can be obtained by examining the specific gravity of the sulphuric
acid. The specific gravity of a cell should be about 1.2 when it is
fully charged, and it should not be less than 1.18 when it is fully
discharged. Storage batteries are rated according to their capacity, the usual unit used for this purpose being the ampere hour;
that is, they are rated according to the number of ampere hours
they are capable of discharging until the indicator gives 1.8 volts
per cell, assuming the cell originally to have been fully charged.
A 300-ampere hour cell may be charged at a normal rate of 30
amperes, the charging continuing for 10 hours. In the care of
storage batteries the frequent use of a voltmeter and hydrometer
is necessary, as the greater part of the troubles found in storage
cells can be attributed to improper voltage. The voltmeter should
be connected in succession to each cell and the readings compared
to see if they are uniform. The cells giving low readings require
attention. The hydrometer gives the density or specific gravity
of the volts. The regular use of these two instruments, a careful
attention to the discharge rate, regular inspection of the cells, and
adding water which may be lost by evaporation so as to keep the
tubes of the plates always covered, constitute the most vital points
connected with the use of storage batteries. The principal troubles of storage batteries are short-circuting, buckling, sulphating,
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weakened electrolyte, and worn out portions. Short-circuits are
usually caused by buckling of the plates or by the dropping of portions of the active material of the plates. It may also be caused
by the sediment in the bottom of the jar or tank. A buckling
plate is usually caused by a continuous excessive overcharge or
a heavy discharge. To assist in preventing it the plates are
separated by glass or rubber distance pieces. Sulphating is
caused by carrying the discharge of a battery too far or letting it
stand too long without recharging. This is remedied by constant
charging.
Storage Batteries for Electric Interlocking Systems. In all
electric interlocking systems 110 volts is the standard voltage.
Therefore, 55 cells are generally connected in series to obtain this
electro-motive force. The capacity of the individual cells which
are installed in any plant will depend upon the work they are required to perform in a given time. At the end of each period of
discharge they must, of course, again be charged. With a storage
battery installation, a switch-board is necessary, and it should contain an ammeter, a voltmeter, pilot lamps for indicating grounds,
circuit switches, charging rheostat, fuses for overload and reverse
current circuit breakers.
Mercury Rectifiers. For charging storage signal batteries
from alternating current mains, a mercury converter or rectifier
is often used. This device straightens out the alternating current
and converts it into a pulsating direct current. Mercury rectifiers
are generally mounted upon a switchboard, connecting the main
switches, and connect with a transformer as a variable secondary
voltage. With this arrangement alternating current may be transmitted over long distances, and any isolated plant may be charged
at any voltage required.
Installation of Storage Batteries. Storage batteries should be
installed in a dry place, having an average temperature of about
70 degrees. They may be charged from a commercial power circuit or by means of a portable generating plant. When a portable
plant is used, it generally consists of a gasoline engine directly
connected to a direct current generator. If direct current is not
available for charging storag e batteries, the alternating current is
converted to direct current by a motor generator or mercury
rectifier.

When batteries of any kind are used it is advisable to install them where there will be the least likelihood of freezing. A
battery house is generally built where the batteries are to be located, and they are generally lined with felt asbestos or similar

Fig. 72.
SE NI P HOBE SWITCH

INDICATOR.

material for protection from the varying temperatures of the outside air.
Switch Indicator. A switch indicator is a device used to indicate either to the eye or ear, or both, whether or not a train
has entered or is approaching the block in which the switch about
to be moved is placed. It is usually principally in connection with
automatic block signals. One type of switch indicator consists of
a pair of magnets and an armature, to which it attached a small
movable disc or miniature semaphore arm. The whole apparatus
is inclosed in a weather-proof case having a glass front, which is
mounted on a post near the switch stand.
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The magnet coils in the switch indicator are energized by a
line wire circuit, which extends back at least two full block sections, and which passes through normally closed contacts on all
the intervening track relays, or through normally closed contacts
on the home signal arms. When the circuit is broken by the presnce of a train anywhere within the limits of the circuit which

Block Indicators. For the purpose of indicating to a signalman whether or not the track circuit is occupied by a train, an
electro-magnetic device known as a block indicator is used. The
electro-magnet is generally actuated directly or through relay by
the track circuit, and has on it an armature, which moves a small
semaphore on giving the proper indication corresponding to the
condition of the track.
Train Describer. A train describer is an electrical instrument
designed to give information regarding the origin, destination,
class or character of trains, engines, or cars moving along the
road. It is used in signal cabins to announce trains from one
cabin to another, or from train sheds to cabins or despatchers'
offices.
Track Indicator. This is an arrangement used at interlocking plants. It consists of a map-like reproduction of the railroad
tracks, made on transparent glass. Electric lights which are controlled by the track circuits are arranged behind the glass, and
they show for different sections of the track, whether or not such
sections are occupied by a train or locomotive. The lights are red
and white, so that when a track circuit is unoccupied the lights
burn white. The presence of a train in a block extinguishes the
white light and causes the red light to burn, so that a signalman
is kept constantly informed of the condition of the track sections
of his plant.

,,

Fig. 73.
BELL SWITCH INDICATOR.
would open one or more contacts, the armature drops and moves
the disc or semaphore arm into the position, indicating the approach of a train, which gives warning against opening the switch,
as shown in Fig. 72. In another type of switch indicator, as
shown in Fig. 73, a vibrating bell is used, and is connected in a
similar manner, and is arranged to ring only when a train is
approaching the block, and is cut out as the train enters the block.
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SIGNALS AND SIGNAL SYSTEMS.
1. Describe the general method of operating trains with the
telegraph and train order systems.
2. What are the errors most likely to creep in when the
telegraph and train order system is used ?
3. What are the advantages of the block signal system
over the train order system ?
4. Describe in a general way how block signals are operated.
5. What is the general length of a block system and upon
what does the length depend ?
6. Name four different types of block systems with which
you are familiar.
7. How many miles of railroad are now operated upon the
block signal system ?
8. Name four principal railroads which are now using telephones for block signaling.
9. Name the principal railroads which use the controlled
manual block system.
10. Give the definitions for the following terms used in
block signaling:-block signal, home signal, advance signal, distant signal, caution signal.
11. What is meant by permissive block signaling?
12. Describe in a general way bow the manual block system
is operated.
13. Of what particular value is the three-position block
signal which is now being used on many railroads?
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14. What are the advantages of a normal clear signal system ?
15. What are the advantages of a normal danger signal
system ?
16. What are false signals and how may they occur ?
17. What are the advantages and disadvantages of die signals over semaphore signals ?
18. What are the requirements for an interlocking signal
system ?
19. Describe briefly how one form of interlocking machine
operates.
20. What are the advantages of power interlocking over the
manual system ?
21. Name three different types of power interlocking syster- whicmaybeusd.
22. Describe in a general way how the electro-pneumatic
interlocking system operates.
23. What is meant by approach locking? and describe how
it is used.
24. Describe the electric train staff system which is used for
signaling.
25. What are the advantages of the electric train staff
system ?
26. Describe the permissive feature as used with the electric
train staff system.
•
27. What are the advantages of an electric motor semaphore
signal ?
28. What are the advantages of using the signal motor on
top of the signal mast ?
29. Describe briefly the Hall electro-gas signal system.
30. What kind of batteries may be used with track circuits?
31. Upon what does the voltage and length of track circuit
depend 1
32. Describe briefly several systems of track circuits used for
automatic block signals.
33. How does the alternating current track circuit differ
from the usual form of track circuit ?
34. What is meant by overlap when block signaling is used ?
35. When are mercury rectifiers used in connection with a
signal system ?
95
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36. What is the dog chart and explain how it is used in
connection with an interlocking machine.
37. What is a locking sheet ? and explain what value it is
to the signalman.
38. Describe one type of single track automatic block system.
39. What are the advantages of storage batteries over other
types for track circuits
?

?
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Modern Air Brake Equipments
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Early Inventions. The railway air brake as we know it is

just forty years old. This marvelous invention, which is now an
absolutely indispensable adjunct to modern railway travel, was
unknown prior to 1869, and though there had been frequent at-
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tempts to devise brakes for moving vehicles many years before
this, only three of them had used air pressure in any form to work
the brake. The modern air brake was the invention of George
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Westinghouse.

In his work on the "Development of the Locomotive Engine,"
Dr. Angus Sinclair has carefully summarized the various efforts
made between 1770 and 1870 to devise brake mechanism for
vehicles. During that period there were about 190 patents
granted in England for various kinds of brake apparatus applicable to common road vehicles. Out of the total number only 46
inventors applied the brake shoe to the tread of the wheel.
Twenty-eight applied pressure to the hub of the wheel, twenty-one
braked specially designed fly wheels, eight brought pressure to
bear on the axle, twenty-seven were operated by the movement of
the horse drawing the vehicle, four relied upon momentum, three
endeavored to accumulate power for subsequent propulsion, three
were governed by electromagnetic agency and three were pneumatic. The rest were miscellaneous in character. In America
170 patents had been granted, of which twenty-one were automatic.
The advent of the locomotive naturally stimulated inventive
genius in the direction of brake mechanism, and in the first
seventy years of the Nineteenth Century, we are told, that as
many as 650 patents for brakes were granted in Great Britain.
In 1833 Robert Stephenson patented a brake which consisted of
a small cylinder with piston and rod, which was actuated by steam.
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This was connected by a series of rods and levers to a cam. James
Nasmyth, the inventor of the steam hammer, with Charles May
were the first to attempt the application of a vacuum brake. In
1848 Samuel C. Lister patented an air brake, but it was never
used in service. During the same time there had been 305 air
brake patents granted in the United States.
Straight Mr Brake. George Westinghouse was familiar with
mechanism from his earliest days. His father was the owner of
a machine shop, and in it the tools of the day were the toys of the
boy. In 1869 he invented a form of air brake generally known as
the "Straight Air Brake." This form of atmospheric brake consisted of a steam actuated air pump for compressing air, a reservoir carried on the engine for containing the accumulated pressure, and a pipe, connected between the cars with rubber hose,
traversed the length of the train. On each car was a cylinder
communicating with the brake pipe by a short connection. The
cylinders were fitted each with piston, rod, levers, etc., by which
the brake shoes were drawn against the treads of the wheels whet,
by operating a three-way cock in the cab, the engineer permitted
the compressed air to flow through the brake pipe. The release
of brakes was accomplished by letting the brake cylinders exhaust
back through the brake pipe and out to the atmosphere through
the three-way cock in the cab.
The straight air or earliest form of compressed air brake was
wholly dependent for its action upon the operation of the threeway cock in the cab by the engineer, as shown in Figs. 1 and 2.
Viewed in the light of present achievements, this was no doubt a
crude form of brake, yet its superiority over the hand brake was
even in those days unquestioned. The inventor, keenly alive to
the Possibilities of the air operated brake, introduced in 1872
what is known as the "Automatic Brake." This form was a
marked improvement upon the straight air brake, and embodied
in its essential features the principle which is in use in the most
advanced form of air brake to-day.
Automatic Air Brake. In the straight air brake, the brake
pipe was empty at all times except when the brake was applied,
but with the automatic brake the brake pipe was constantly full
of compressed air, and the reduction of the air in this pipe set
the brakes. With this new arrangement it is obvious that the

bursting of a hose between the cars, or the separating of two hose
connections, as would inevitably occur if the train broke in two,
at once applied the brake to both portions of the train by the
liberation of the air contained in the brake pipe, as it is correctly
called. The operation of the brake was thus not confined exclusively to the action of the engineer, and as the brake was effectively applied by the bursting of a hose connection, or the parting
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Fig. 1.
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Fig. 2.

SECTION AND PLAN OF ORIGINAL THREE - WAY COCK.

of the train, the name "Automatic Air Brake" was used to fittingly describe it. In order to render the brake still more efficient
a branch pipe was carried up into each ear, the top of which was
closed by a valve within reach of the conductor, so that in case of
necessity the brake could be applied by someone on the train
other than the engineer.
The automatic brake was even a greater step in advance of
the straight air brake than the original form had been over the old
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hand brake. The automatic brake, however, had, as might be
expected, more apparatus in connection with it than had been required with the straight air. The essential features of the automatic brake consisted, as had the previous form, of an air pump,
a large reservoir on the engine called the main reservoir, the brake
pipe and the brake cylinders under the cars, as shown in Fig. 3.
The three-way cock was still retained on the engine, and by it,

piston uncovered a groove in the small cylinder, so that brake
pipe air passed through this "feed groove" and past the triple
piston to the auxiliary reservoir, and in this condition the brakes
were off, and the auxiliary reservoir became charged and the
brake pipe was also full of compressed air. Any reduction of
brake pipe pressure, whether accidental or intentional, caused the
auxiliary reservoir pressure on the triple piston to predominate,
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Fig. 3.
SECTION OF ORIGINAL AIR BRAKE CYLINDER.

as formerly, air from the main reservoir passed to the brake pipe.
It was through this three-way cock that the engineer could exhaust air from the brake pipe at will. With the automatic brake,
however, a small auxiliary reservoir was placed under each car,
and the brake pipe, auxiliary reservoir and brake cylinder were
all united to what was called the "triple valve" on account of
this threefold connection.
THE PLAIN TRIPLE VALVE.
The plain triple valve, shown in Figs. 4 and 5, as this most
ingenious device is called, consisted of a small vertical cylinder
with piston, and to the rod of which a small slide valve was attached. Brake pipe pressure from the engine, acting on the under
side of the triple piston, forced it up to its extreme position and
placed the slide valve so that the brake cylinder would have free
communication with the atmosphere through the cavity in the
slide valve. The extreme or uppermost position of the triple

Fig. 4.

Fig. 5.

SECTION AND ELEVATION OF ORIGINAL TRIPLE VALVE,.

feed groove and also carried
with it the slide valve, which thus cut off communication of the
brake cylinder to the atmosphere and opened a direct port leading from the auxiliary reservoir, through the slide valve, to the
brake cylinder, thus filling the latter with air and applying the
brake.
In order to prevent the depleted pressure in the auxiliary
reservoir, caused by its supply being turned into the brake cylinder, from becoming so low that the remaining pressure in the
and the piston moved down past the
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brake pipe would predominate and so drive the triple piston up to
the release and charging position described above, a very cleverly
devised arrangement was introduced for the purpose of closing
off the flow of air from auxiliary to brake cylinder before premature release should occur. This device was practically a small
stopper in the passageway of the slide valve, and this small stoppe r was called the graduating valve. A slight predominance of
brake pipe pressure over that in the auxiliary reservoir caused the
triple valve piston to move just enough to close the graduating
valve without moving the slide valve. This was accomplished by
having the graduating valve pinned to the triple piston-rod so
that it moved when the triple piston moved, while, on account of
the prearranged lost motion between triple piston and slide
valve, the latter remained as it stood. The graduating valve
action therefore made it possible to have brakes applied and held
without premature release and without the auxiliary reservoir
being recharged. A second reduction of brake pipe pressure, if
made intentionally, caused a stronger setting of the brake, followed by the same sequence of events for the holding of the brake
applied. Full release carried the triple piston up again to its
extreme uppermost position, established communication between
the brake cylinder and the atmosphere and between the brake pipe
and the auxiliary by way of the feed groove. This released the
brake, and the work of charging the auxiliary reservoir then took
place.
AUTOMATIC TRIPLE WITH STRAIGHT AIR BRAKE.
The change from "straight air" to the automatic form, desirable as it certainly appears, was nevertheless gradual. The
railroads which had adopted the first form of Westinghouse Air
Brake naturally desired to make the change by degrees. In order
to do this the plain triple valve was provided with a four-way
cock which, according to the position of the handle, either cut out
the brake altogether from a particular ear if the brake was found
to be defective, or it cut out the triple valve alone and allowed
the brake to be operated on the straight air system, or it cut in the
triple so as to produce automatic action. In this way cars
equipped with the plain triple valve could be used in straight air
trains.

ATR BRAKES.
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THE NEW STYLE PLAIN TRIPLE VALVE.
The introduction of the plain triple valve, Fig. 4, involved
the gradual abandonment of the straight air principle and the
adoption of the automatic brake. Soon a new style of plain
triple valve, Fig. 0, was brought out, by which two improvements
were effected. One was the absence of the four-way cock, as
this new style of equipment compelled the abandonment of the
straight air brake, and the other improvement was the emergency
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IMPROVED TRIPLE

VA LVE.

feature. By this latter arrangement a rapid fall in the brake pipe
pressure, such as would take place if the train broke in two or
if the engineer was suddenly confronted with some imminent
danger, resulted in the extreme downward travel of the triple
piston carrying the slide valve with its restricted opening entirely
clear of the port leading from the auxiliary reservoir to the brake
e,vI hider, and so producing a more powerful and rapid application
f the brake. The new sayle of triple valve worked well in service
applications on long trains in conjunction with the "engineers'
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brake and equalizing discharge valve" which had been devised.
The new style of triple, however, was found to be too slow in its
action in the emergency application on long trains, and to meet
this condition the quick-action triple valve was designed.
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THE ENGINEERS' BRAKE VALVE.
In this necessarily brief summary of events in the development of the air brake, a word most here be said concerning what
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was called the Engineers' Brake and Equalizing Discharge Valve,
Fig. 7. The exhaust of brake pipe air from the three-way cock
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WESTINGHOUSE AIR BRAKE EQUIPMENT USED FOR FREIGHT SERVICE
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was governed entirely by the engineer, and much or little could
be let out by him according to his individual judgment in order
to produce a normal service application. Skill was acquired
solely by practice and was aided by good judgment, consequently
no two men operated the brake exactly alike, and good and bad
braking was the result with the same equipment. It was also
found that when a reduction of air was made in the brake pipe
and the front cars' brakes applied, the engineer would probably
shut off the brake pipe exhaust. The brakes in the rear of the
train experiencing brake pipe reduction later, were set later, and
further, the surge of air from the rear in its movement toward the
now closed exhaust opening on the engine raised the pressure in
the brake pipe at the front sufficiently to release the forward
brakes while holding those at the rear set. This undesirable condition was met by the brake valve, whose construction was such
that a small piston very similar to the triple piston was held down,
closing the brake pipe exhaust, by the pressure of air in a small
reservoir on the engine, the pressure in which exactly equalled that
in the brake pipe. With this valve the engineer governed the escape of air, not from the brake pipe direct, but from the small
cylinder, and an air gauge was added to show the amount of air
thus discharged. The outflow of air from the small reservoir permitted the equalizing piston, as it. is called, to rise and open the
brake pipe exhaust. Air from the brake pipe was consequently
discharged until its pressure fell slightly below the amount retained in the small reservoir. The action of the Engineers' Brake
Valve therefore amounted 10 this, that although the engineer could
indirectly cause the discharge of air from the brake pipe and
could close his valve, it was out of his power to close the exhaust
from the brake pipe. That was done automatically, and the surge
of air from the rear of the train helped to hold the equalizing
piston up and keep the exhaust open until the whole brake pipe
pressure was slightly less than that in the small reservoir. An
excess pressure valve, also part of the equipment, maintained a
higher pressure in the main reservoir than that in the brake pipe,
and this was available for the prompt and certain release of
brakes.
THE QUICK ACTION TRIPLE.
The quick-action triple valve, Fig. 8, which appears now as
-
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one of the orderly steps in the development of the air brake, was
introduced after the celebrated Burlington brake tests, in 1886-7.
The plain triple worked satisfactorily for service stops in connection with the Engineers' Valve, but in emergency applications the

brake cylinder and so produced a higher brake power in emergency.
Each triple valve acted upon the one behind it by suddenly lowering the brake pipe pressure in the immediate vicinity. There
was thus no surge of air toward the front end, and the rapid reduction of brake pipe pressure was accomplished by the separate
exhausts made by each triple from the nearby brake pipe into its
brake cylinder. The emergency application of the brakes ran
down the train like a "feu-de-jai" fired by a regiment of soldiers,
where each man pulls the trigger of his rifle at the moment that
his comrade to the right has fired. In this way the quick action
of the brakes easily outsped the "rim in" of train slack, and less
than three seconds on a fifty-car train was all that was required
to secure the maximum braking power on every car in the train,
under the shadow of impending danger.
The gradual improvement of the air brakes, like other developments in mechanical contrivances, has followed the law of
evolution, which holds good in the intellectual advancement of
mankind as well as in his physical being. The steps were slow,
but each advantageous modification of the mechanism was but
the vantage ground for further effort. We who study the air
brake to-day see only the splendid result achieved without perhaps fully appreciating the amount of time, thought and labor
expended in the production of the now indispensable air brake.
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head end brakes set a very considerable time with full force and
before the rear brakes were applied and the slack of the train ran
in with damaging force. The quick-action feature of the new
triple consisted of an emergency piston and check valve, so arranged that a sudden reduction of brake pipe pressure opened
commimication from the brake pipe to the brake cylinder, and a
certain quantity of brake pipe air now passed, not through the
brake valve exhaust to the atmosphere, but into the brake cylinder.
The discharge of air from the brake pipe helped to fill the empty

From the very earliest days, the development of the means
of defense has followed closely upon the evolution of weapons.
The shield has been a contemporary of the sword, and in modern
times the armor belt and the ships' citadel have been created, and
have had their resisting qualities augmented in almost the same
ratio that has marked the advance of the high power gun or the
explosive shell. It is not stretching the analogy too far to say
that in the steady progress made in the peaceful art of transportation the effort to obtain speed with safety in railway operation
had carried forward the work of inventive genius in the direction
of successfully controlling that speed. The greatest factor in the
production of fast train movement to-day is the ability to stop,
and this is guaranteed to the locomotive runner when he lays his
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hand on the Engineers' Brake Valve in the cab of one of our
modern high speed machines.
In the evolution of the air brake the premier place belongs
to George Westinghouse, and when the masterful conception of
the means of using compressed air as the brake operating power
has been acknowledged, as it must be by all, to be of the fret and
greatest importance, one may turn to the work of investigation
which called into lxting the high speed brake, and find it to be
perhaps the second epoch-marking discovery in the series of
achievements in mechanical science which has put the world in
possession of the modern air brake equipment.
In the year 1878, Mr. Westinghouse read a paper before the
Institution of Mechanical Engineers of London, and in this paper
he pointed out the fact that while testing the action of various
kinds of brake shoes he observed a great difference in the Di,
tion of the shoes upon wheels moving at high speed and upon
those moving at low speed. In other words, it seemed to him that
the same brake shoe did better work, or developed a greater
amount of friction, when pressed against a slowly revolving wheel
than when pressed against a rapidly revolving wheel, the same
force being used in each case.
With the object of ascertaining how far these observations
were true, and, if true, through what range this variation of frietion extended, Mr. Westinghouse offered to design and constrnet
the necessary automatic recording apparatus, and to conduct a
series of experiments under the direction of a competent mechanical engineer to be designated by the President of the Institution.
This offer was readily accepted, and Captain Douglass Calton
was appointed to direct the experiments. The London, Brighton
and South Coast Railway subsequently placed a locomotive and
brake-van at the disposal of Captain Galton, and offered every
facility for the prosecution of the investigation.
The result of these experiments, whirl. have been called the
Calton-Westinghouse tests, demonstrated the truth of Mr. Westinghouse's observation, and brought the whole subject within the
domain of practical science. It was found that a brake shoe
when applied to the tread of a wheel with a constant pressure did
not produce anything like the same retarding force upon a rap-
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idly revolving wheel that it did when the wheel had been slowed
down and was revolving with comparatively low velocity.
Co-efficient of Friction. The measure by which what may he
called "amounts of friction" are computed, is named the co-efficient of friction. This is simply a convenient method of stating
in the form of a fraction what proportion of the weight of a body
is required to slide it along the surface of another body of the
same or different material. For example, if a piece of cut stone
weighing 32 pounds was capable of being slid on a flat, smooth
level board by a force of 8 pounds, the co-efficient of friction for
stone on that kind of wood becomes 8-32, or .25. That is, onequarter of the weight of the stone would be required to move it
over the board. The decimal fraction .25 is called the co-efficient
of friction in this case. The effect of lubrication at once becomes
apparent, for if the surface of the board was greased, it is manifest that a very much smaller amount of friction would be developed and the co-efficient of friction would become less. If the
greased board allowed the stone to be moved by the application
of only 4 pounds, the co-efficient of friction would be reduced
to .125.
In the Galton-Westinghouse tests it was discovered that
the co-efficient of friction between cast iron brake shoes and steeltired wheels amounted approximately to .33 for a speed under 5
miles an hour, while at a speed of 60 miles an hour the co-efficient
of friction for the same kind of brake shoe, applied with the same
force to the steel-tired wheel, was only about .074. Viewed in the
practical light of train operation it amounted to this: When
brake shoes are applied to the dry wheels of a rapidly moving
train running upon smooth dry rails, their retarding effect is
practically equivalent to the friction developed between lubricated
surfaces, and as the speed diminishes the friction increased very
much, as if the lubricant bad been gradually rubbed off. It was
to the solving of this problem in railway train braking, disclosed
by these tests, that what is known as the high-speed brake was
successfully devised.
THE HIGH SPEED EQUIPMENT.

The high speed brake is the ordinary quick-action equip-
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meat, Fig. 9, with a reducing valve, Fig. 10, applied to the brake
cylinder. The alteration of the car and engine equipment consists in the addition of the reducing valve to the brake cylinder
of the cars and on the engine and tender. On the locomotive, how-

DIAGRAMMATICILLUSTRATION OF

1.08

Fig. 10.
SECTION OF ITTOIE SPEED 11EDUCINO VALVE.

ever, a duplex pump governor, and two slide valve feed valves
with reversing cock, are used, and as one feed valve is cut in the
other is cut out. A stop cock is used in connection with the
duplex pump governor, so that the low-pressure head may be cut
in or cut out as desired.
90
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With these additions to the equipment it is now possible to
use either the standard 70 pounds brake pipe pressure, or a brake
pipe pressure of 110 pounds may be used. When the higher pressure is employed the duplex governor is used as a matter of convenience, and the head of the duplex pump governor, which is adjusted for a main reservoir pressure of 130 pounds, is called into
action, and the handle of the reversing cock is turned so as to cut
in the high pressure slide valve feed valve, which is adjusted to
give 110 pounds in the brake pipe. The reducing valves on the
brake cylinders are automatic in their action.
For sake of clearly following the action of the high speed
brake, let us suppose that brake pipe and auxiliaries are charged
with air at 110 pounds. The main reservoir will contain air at
130 pounds for the purpose of ensuring certain release, as is the
case with the excess pressure on the ordinary quick-action equipment. The automatic reducing valve is applied to the brake cylinder and is piped to the back head, so that air entering the brake
cylinder will have free access to the reducing valve.
Reducing Valve. The reducing valve, in brief, consists of a
vertically placed chamber containing a tightly air fitting piston,
which is held at the extreme upper end of its travel by a coil
spring. The tension of the spring is such that it requires a pressure of 60 pounds to the square inch to depress the piston. The
piston carries with it a slide valve, the face of which moves up
or down on a seat, in the center of which is a flat horizontal slotted port opening into a drilled hole communicating with the
atmosphere. A cavity is cut in the face of the slide valve, which
is of triangular shape, and the interior of this cavity is reached by
air which is admitted to the brake cylinder. It is thus manifest
that if the triangular opening in the slide valve is made to register with the port in the slide valve seat, air from the brake cylinder will find its way to the atmosphere.
The Emergency Stop. While the above is the bare statement
concerning the construction of the reducing valve, its marvelously accurate performance is a source of the keenest pleasure to
those who comprehend its action. As we said, the brake pipe and
auxiliary reservoir are charged with air at 110 pounds' pressure,
and suppose an emergency stop has to be made at a speed of 60
miles an hour. The rapid reduction of pressure in the brake pipe

causes the quick-action triple to act, and some air at 110 pounds
from brake pipe and from auxiliary pours quickly into the brake
cylinder, and at once finds its way into the reducing valve. The
brake shoes are brought tightly against the treads of the whirling
wheels with a force resulting from the equalization of brake cylinder and auxiliary pressures, which is far above the pressure
which would skid the wheels if they were revolving slowly. This
pressure, great as it is, does not skid the wheels, but applies to
them a cheek which bears some definite relation to their speed.
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Fig. 11.

Fig. 12.

HIGH SPEED REDUCING VALVE Emil SPEED REDUCING VALVE
CAP-EMERGENCY.
A SERVICE.

Air at this equalization pressure in the brake cylinder enters the
reducing valve and easily depresses the little piston against the
upward effort of the coil spring, which is adjusted to just hold
against a pressure of 60 pounds. The piston in moving down
carries with it the slide valve and places its triangular port in
register with the port leading to the atmosphere, as shown in
Fig. 11. The result of this is that no sooner has the brake cylinder filled with air at from 85 to 88 pounds, than it begins to
blow away to the atmosphere.
The port in the slide valve through which this exhaust takes
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place is triangular in shape, and the reason for this form now becomes apparent. The port in the slide valve seat is a small horizontal slit, and as the triangular port has its apex on top, the full
travel of the reducing valve piston places the narrow upper part
of the triangle in register with the little flat horizontal opening
to the atmosphere. The exhaust from the brake cylinder, though
clear and free, is nevertheless restricted by the upper portion of
the triangle being brought iu register. The high pressure in
the brake cylinder and auxiliary reservoir is thus steadily though
slowly reduced as the speed of the train slackens, the lessened
brake cylinder pressure being still effective on the reduced speed
of wheels and train. The reduction of pressure in the brake cylinder, which is also on top of the reducing valve piston, when it
comes down to about 65 pounds, permits the coil spring below it to
gradually raise the little piston with the slide valve. As the slide
valve rises, a wider area of the triangular port now registers with
the little flat horizontal exhaust port, as shown in Fig. 12, and
an increased flow of air to the atmosphere takes place from the
partly depleted brake cylinder, while the retarding action of the
brake is thus practically proportioned to the reduced speed of the
wheels. The exhaust is slow at first and remains so for a comparatively long period. The auxiliary reservoir and brake cylinder equalize at about 88 pounds, which is tea high a brake cylinder pressure for the slackening train speed, and the reducing
valve, when its upward movement begins, brings the wide base
of the triangular port in register with the exhaust port, and thus
provides the maximum opening to the atmosphere through which
the air from brake cylinder and auxiliary reservoir is rapidly
discharged. When the combined pressure sinks to 60 pounds to
the square inch, the coil spring thrusts up the piston to its uppermost position and cuts off the exhaust, thus holding a brake cylinder pressure of 60 pounds until the train stops, or more correctly until brake release takes place.
In this emergency application there was the sudden filling
of the brake cylinder with air at high pressure. The steady blow
down effected by the reducing valve, automatically restricted at
first while train speed was fast, but increased in volume as the
train slowed, until when the pressure of 60 pounds was reached,
the speed of the wheels was such that the maximum brake pres-

sure, which it is safe to apply at comparatively slow speed, was
held. The high speed brake in emergency gives practically the
fullest and most powerful brake pressure which it is safe to obtain, and the retarding action of this application will stop a train
in a distance 30 per cent. shorter than that obtained by the best
emergency performance of the ordinary quick-action brake.
The Service Stop. The service application of the high speed
brake gives evidence of the same careful attention to detail on the
part of the designer as does the action of the high speed brake in
emergency. The service stop with parts, as shown in Fig. 12, is
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usually made as when using the ordinary 70-pound brake pipe
pressure. The service application reduces the brake pipe pressure,
and if brake cylinder pressure is less than 60 pounds, the reducing
valve does not act, and the brake applies in the usual way. If,
however, the initial brake cylinder pressure exceeds 60 pounds,
the reducing valve piston descends only a portion of its full stroke,
and consequently the reducing slide valve is carried down so that
the lower and wider portion of the triangular opening registers
with the horizontal exhaust port. This causes a comparatively
rapid discharge of brake cylinder air to the atmosphere, and this
is strictly in keeping with more gradual stop required in coming
into a station. When the auxiliary reservoir pressure becomes
somethng less than the brake pipe pressure, the predominance of
brake pipe pressure causes the triple valve to act, and forces the
triple piston to move so as to blank the port to the brake cylinder,
and auxiliary pressure is thus cut off from the brake cylinder. A
second application raises the pressure in the brake cylinder, after
which the brake cylinder is again cut off from the auxiliary
reservoir, and the brake cylinder pressure, if above 60 pounds,
blows down to 60 pounds by the action of the reducing valve. In
full release position, shown in Fig. 13, the brake cylinder is completely emptied by the action of the triple valve in the usual way.
Comparative Distances in Stopping. An interesting comparison is given by Mr. R. H. Marlin11, in his Air Brake Catechism, of
the comparative efficiency of the high speed and the ordinary
quick-action brakes on a train representing average conditions
and equipped with cast iron wheels and soft cast iron brake shoes.
At a speed of 45 miles an hour the quick-action brake stopped the
train in 710 feet, while the high speed brake halted the train in
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560 feet, which is 150 feet less distance than that required by the
quick-action brake. At a speed of 50 miles an hour the figures
stood 880 feet for quick-action, as against 705 feet for the highspeed, a shorter stop by 175 feet. At 60 miles an hour the automatic stopped the test train in 1,360 feet, and the high-speed in
.1,060 feet, or 300 feet less. At 70 miles an hour, the automatic brake required 2,020 feet, while the high-speed accomplished the work in 1,560 feet, or a gain in favor of the high-

to a stop in a distance of 1,250 feet. With the same equipment,
but with 70 pounds brake pipe pressure, and brake applied at a
speed of 65 miles per hour, the train was stopped in a distance of
1,640 feet. The speed of the latter, when passing the point at
which the train had stopped in making the first trial with 110
pounds brake pipe pressure, was 35 miles per hour. It is easy
to imagine what the result would have been had there been an obstruction at this point."
THE TYPE "L" TRIPLE VALVE.
In order to obtain what may be called greater flexibility in
13rake Company have
lately brought out an improved triple valve, which, although it
can be used with the ordinary passenger equipment, is thoroughly
well adapted to use on trains equipped with the high-speed brake,
and it is for this reason that the "L" triple valve, as it is called,
Fig. 14, is here considered. The features which this triple valve
embodies are, (1) Quick recharge of auxiliary reservoirs, (2)
Quick service, (3) Graduated release, and (4) High emergency
cylinder pressure.
The "L" triple valve forms part of what is known as the
L-N Passenger Car Equipment, and is one of the quick-action,
automatic, "pipeless" type. The name pipeless is applied to it
from the fact that in removing this triple valve no pipes need be
disconnected. The loosening of the three bolts used to hold it in
place is all that is required.
The "L" triple valve is designed to meet the exacting requirements of modern passenger service, where within the last
few years trains have become heavier and speeds higher. In
order that these trains may be controlled easily and smoothly
when running either fast or slow, without the danger of wheel
sliding or discomfort to passengers, the use of this triple valve is
recommended. The ends sought are, to provide suitable means
whereby a light brake pipe reduction will produce a moderate
brake cylinder pressure with uniform retardation of the whole
train, and a heavy service brake pipe reduction may be made
quickly without producing quick action. It enables the engineer
to make brake applications in rapid succession up to full power
se rvice operation, the Westinghouse Air

Fig. 13.
SECTION OF HIGH SPEED RE-

Fig. 14.
L TRIPLE VALVE.

DUCING VALVE CAPRELEASE.

speed brake of 460 feet. At a speed of 80 miles an hour, the
automatic brake brought the train to rest in 2,780 feet, the highspeed brake stopping it in 2,240 feet, being a distance of 540 feet
to the credit of the high-speed equipment .
In speaking of the relative efficiency of the two forms of
brake, Mr. W. A. Buekbee, road foreman of engines on the Rutland Railroad, selected a test made on the West. Jersey & Seashore
Railroad. He said : "With a train consisting of a locomotive and
six coaches and 110 pounds brake pipe pressure, the brake was
applied at a speed of 67 miles per hour, and the train was brought
.
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without too quickly depleting the reservoir, and it eliminates the
necessity for retaining valves. It provides for a high brake cylinder pressure for emergency applications where a short stop is

better results than using the old standard equipment with 110
pounds brake pipe pressure. If a more powerful brake is required, it can be obtained by using a higher brake pipe pressure.
The "L" triple valve has as part of its mechanism a by-pass
valve, and a safety valve is also attached. Fig. 15 represents the
plan view of the graduating valve, slide valves and seat, and
Fig. 10 represents a section of the oomplete " L "-triple valve.
Fall Release Position. When the "L" triple valve is in full
release and charging position, air front the brake pipe flows to the

imperative.
In connection with the "L" triple valve there is used a supplementary reservoir, which is nothing more or less than a second,
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though larger, auxiliary reservoir. It is in fact approximately
double the size of the ordinary auxiliary reservoir. Its function is
to aid in what is called the graduated release, and in producing
high emergency cylinder pressure. The ability to obtain high
emergency pressure makes this practically a high-speed brake
when using 30 pounds brake pipe pressure, and it gives even

auxiliary reservoir past the main triple valve piston by way of
the feed groove in the ordinary manner, as seen in Fig. 17, which
is a diagrammatic representation of the triple and not a sectional
view. Brake pipe air also enters the auxiliary reservoir by what
may be called a secondary auxiliary charging route, which is past
the triple check valve 15, through a passage in the body of the
valve marked y, and through the slide valve by a passage j. At
the same time brake pipe air enters the supplementary reservoir
from the auxiliary reservoir through a passage k in the triple slide
valve and by passage x in the body of the triple valve. This may
be called the direct supplementary reservoir charging route.

1508

1509

AIR BRAKES.

AIR BRAKES.

Both auxiliary and supplementary reservoirs are thuS quickly
charged at the same time and with the same pressure as that in
the brake pipe. The brake cylinder is by the position of the slide
valve placed in communication with the atmosphere, and full release is thus effected.
Service Applications. With a light or ordinary service application the brake pipe pressure is reduced. This is sufficient to
move the main triple piston, carrying with it the graduating valve

plying the brake, Fig. 18. The movement of the graduating valve
places the small cavity in its face, marked v, Fig. 16, so as to connect quick service ports q and o in the slide valve. Quick service
port q extends vertically out of slide valve cavity q. The opening
of the quick service ports establishes communication with passage
y, which was, in full release position, part of the secondary charging route, and this passage now admits air from the brake pipe to
flow directly into the brake cylinder. This constitutes the quick
service action of the triple valve, and is caused by a slight reduction of brake pipe pressure, made at the engineers' brake valve,
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and the slide valve, thus the feed groove supply of air to the auxiliary reservoir is cut off. The face of the graduating valve now
covers two ports in the back of the slide valve, and thus blocks
the secondary route to the auxiliary reservoir, and also blocks the
direct supplementary reservoir charging route. The exhaust passage from the brake cylinder to the atmosphere is closed, and
direct communication is opened from the auxiliary reservoir to
the brake cylinder through the graduating valve, the slide valve,
and the body of the triple valve, through ports z and r, thus ap-

18.

QUICK SERVICE POSITION, L TRIPLE.
and the venting of a small quantity of brake pipe air into the
brake cylinder ensures a rapid and uniform action of all the
triples along the train, in a manner similar, though less violent,
than that which takes place in the emergency. The quantity of
air passing from the brake pipe to the brake cylinder through the
quick service ports is not great, because the passages and ports
are small, and because the venting of brake pipe air into the brake
cylinder causes a more rapid fall of brake pipe pressure, and this
forces the triple piston to move to full service position, and this
movement gradually restricts or blanks the quick service ports
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just before the service port z is fully open. When this port becomes fully open, the triple valve is in the full service position.
The full service position of the triple valve, Fig. 19, can be
had at once by a comparatively heavy service reduction of brake
pipe pressure. In fact, the amount by which the service port z is
opened depends on the rate of brake pipe pressure reduction, as
compared with that of the auxiliary reservoir reduction. If the
brake pipe pressure falls rapidly, as it would with short trains,

connecting the auxiliary reservoir with the brake cylinder, is much
larger than the quick service port q, connecting the brake pipe to
the brake cylinders. The amount of opening of the port z depends on the rate of brake pipe pressure reduction as compared
with that of the auxiliary reservoir reduction. If the brake pipe
pressure reduces more rapidly than that in the auxiliary reservoir, as would be the ease with short trains, the triple piston is
moved promptly to the full service position, and the quick-service
operation is exceedingly brief, taking place only while the valve
is moving. In the full service position the graduating spring is
compressed.
If the fall of brake pipe pressure is slower than that in the
auxiliary reservoir, as would be the ease with long trains, the
triple piston assumes the quick-service position, and the flow of
air from the brake pipe to the brake cylinder takes place. The
restricted opening of the service port z is nevertheless larger than
that through port q. This fact prevents an emergency application from taking place when a service application is intended. It
also prevents brake pipe pressure reduction continuing, owing to
the quick service port q remaining open after the reduction of
pressure has ceased at the engineers' brake valve. While the slide
valve is in quick service position, the brake cylinder port r is connected by means of cavity q in the slide valve with port b, leading
to the safety valve. This may be called the safety valve route
through the triple valve. The safety valve is usually set to blow
at 62 pounds, so that when the brake cylinder pressure rises
above that pressure the safety valve opens, discharges air, and
thus prevents any further rise of pressure in the brake cylinder.
The safety valve blows away all pressure in the brake cylinder
above 62 pounds, and in this its action is similar to that of the
high-speed reducing valve. The pressure maintained in the brake
cylinder during a full service application, due to a heavy reduction of brake pipe pressure made by the engineer, is thus seen not
to be sufficient to skid the wheels, while giving a prompt and
powerful brake. action. In the emergency application the safety
valve is automatically cut out.
The Service lap Position. The service-lap position, Fig. 20,
is when all the ports in the triple valve are blanked. This is
brought about when the handle of the engineers' brake valve has

V! w.

Fig. 19.
FULL SERVICE POSITION,

L

TRIPLE.

the higher auxiliary reservoir pressure moves the triple piston
toward or to the full service position, and so partially or fully
cuts out the quick service feature. The rate of brake pipe pressure reduction, as compared with that of the auxiliary reservoir
pressure reduction, practically graduates the amount. and intensity of the quick service action, and determines how much, if any,
quick service may be had in any given case. When full service
action is promptly produced by a heavy brake pipe reduction, the
fall of brake pipe pressure is so rapid that it cuts out the quick
service feature, which is now of no advantage. The service port ;

-
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been placed in the lap position and the flow of air from the brake
pipe has been stopped. When the flow of air from 'the auxiliary
reservoir to the brake cylinder has lowered the auxiliary pressure
slightly below that of brake pipe, brake pipe air moves the triple
piston and the graduating valve to the service-lap position. The
flow of air to the brake cylinder therefore ceases. The slight difference in pressure which was capable of moving piston and gradnoting valve is not sufficient to move the triple slide valve. The
slide valve may previously have been in the quick service position

that of the auxiliary reservoir. During this operation the brake
pipe and auxiliary reservoir pressures quickly come in balance,
and this ensures a ready response in case a second application of
brakes should be made. As soon as the supplementary and auxiliary reservoirs have equalized, the charging of both goes on by
brake pipe air passing through the feed groove and the secondary
auxiliary charging route, the supplementary reservoir receiving

Fig. 20.

Fig. 21.

GRADUATED RELEASE LAP POSITION, L TRIPLE.

SERVICE LAP POSITION, L TRIPLE.

or in the full service position, but in either case the piston and
graduating valve movement blanks the ports.
Release and Recharge. The triple slide valve being in the
quick service position, a rise of brake pipe pressure for the release of brakes causes the piston, slide and graduating valves to
move to the right and assume the release and recharging position.
Air from the brake cylinder now exhausts to the atmosphere, while
the auxiliary reservoir is being recharged through the feed groove
and the secondary auxiliary charging route. At the same time
port x leading from the supplementary reservoir is opened, and
the higher supplementary reservoir pressure rapidly equalizes with

its supply from this auxiliary reservoir through port k in the
slide valve and port x in the body of the triple.
The Graduated Release. Another and important feature of
the "L" triple valve is the graduated release. This feature enables the engineer to let some air out of the brake cylinder and
hold what remains. The graduated release-lap is shown in Fig. 21.
The graduated release may be used several times, and is in fact a
partial or step-down-and-hold reduction of the pressure in the
brake cylinder. If the brakes have been 'applied and it is desired to partly release them, the engineers' brake valve is manipulated so as to permit only a slight increase in brake pipe pressure,
and is then turned to lap. Only sufficient air is introduced into

aI
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the brake pipe to move the triple piston with the slide and graduating valves to the release position. The flow of air from the
supplementary reservoir continues for a brief space of time, only
sufficient to raise the pressure in this auxiliary reservoir slightly
above that of the brake pipe, and the triple piston and the graduating valve move to the left and assume what is called the
graduated release-lap position. In this position the graduating
valve stops the exhaust of air from the brake cylinder to the
atmosphere, holding what is in the cylinder, and also shuts off
the air from the supplementary reservoir, and thus prevents the
further building up of pressure in the auxiliary reservoir from the
supplementary reservoir. This operation may be repeated as desired, and thus the brake cylinder loses its pressure, not all at
once, but by a series of exhausts, separated by periods of time in
which the brake cylinder pressure, reduced by each exhaust, is
held at the discretion of the engineer. The amount of reduction in
the brake cylinder pressure for any one of the step-down releases
is proportional to the amount of pressure which has been restored
in the brake pipe. The recharge of the auxiliaries is similarly
proportioned.
The Emergency Application. The "L" triple valve in emergency produces a very powerful brake action. The position of the
parts is shown in Fig. 22. The brake pipe pressure is suddenly
reduced, and the triple piston is forced by auxiliary reservoir pressure to move to its extreme or full travel position to the left,
where it compresses the graduating spring. Air from the auxiliary reservoir enters the brake cylinder by port s in the slide
valve, and r in the triple body. This may be called the emergency
route for the air from the auxiliary reservoir; port t, in the triple
body, is uncovered by the end of the slide valve, and auxiliary
reservoir pressure flows to the top of the emergency piston. The
emergency piston is then pushed down and forces the emergency
valve from its seat. Brake pipe pressure lifts the check valve v,
so that air from the brake pipe finds a direct passage to the brake
cylinder. The position of the slide valve in the emergency is such
that air from behind the by-pass piston flows through port c in
the triple body, and d in the slide valve, and so to the brake cylinder. This causes the by-pass piston to move to the left and unseat the by-pass valve, compressing the by-pass spring. The by-

pass valve being open permits air from the supplementary
reservoir to flow to the auxiliary reservoir, thus giving practically
an auxiliary reservoir volume approximately three times its
normal amount. Air from the supplementary reservoir continues
to flow into the auxiliary reservoir and brake cylinder until all
three are 'very nearly equalized, when the by-pass spring closes
the by-pass valve and cuts off pressure from the supplementary
reservoir. The cavity q in the slide valve has now moved past
the brake cylinder port r, and has thus cut out the safety valve, so
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Fig. 22.
EMERGENCY POSITION, L TRIPLE.

that there is no escape of air from the brake cylinder until the
brakes are regularly released. In this way the emergency application causes the brake cylinder pressure to rise very nearly to
maximum brake pipe pressure, which is higher than that obtainable with the old standard high-speed brake, and the brake cylinder pressure is held at the maximum until the brakes are released.
Recapitulation of the Action of the "L" Triple Valve. To recapitulate briefly these various brake actions, one may say that in
charging and full release the brake cylinder is emptied, and the
97
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auxiliary and supplementary reservoirs are filled with air at brake
pipe pressure. In quick service application brake pipe pressure
is reduced ; this moves the triple piston to the left and shuts off
communication between brake pipe and the auxiliary and supplementary reservoirs, closes the brake cylinder exhaust, and isolates
supplementary reservoir pressure. Air from the auxiliary reservoir flows to the brake cylinder, while air from the brake pipe is
momentarily vented into the brake cylinder. Full service application is obtained by a more rapid brake pipe reduction than in
quick service, and it cuts out the quick service feature, which is
the venting of a small amount of brake pipe air into the brake
cylinder. The auxiliary reservoir feeds the brake cylinder
through the large service port, and strongly applies the brake
without producing an emergency application. The safety valve
is cut in, and the pressure above 62 pounds fed into the brake
cylinder is blown away. The lap position of the triple valve
blanks all ports. There is a quick-service-lap position and a service-lap-position which is determined by the position of the slide
valve, but no brake action takes place with either of them. In
what is called the release and recharge position the flow of air
differs from that of full release and recharging in the fact that
the simple "release and recharge" empties the brake cylinder, but
the supplementary reservoir air, held at its initial pressure, now
assists the brake pipe pressure in recharging the auxiliary reservoir. The supplementary reservoir is not charged in this operation until after its pressure has equalized with that of the auxiliary reservoir, but supplies air to the auxiliary reservoir, and the
auxiliary reservoir is at the same time being charged from the
brake pipe through the feed groove and the secondary charging
route. After equalization with the auxiliary, the supplementary
reservoir is charged from the auxiliary reservoir. The graduated release prevents further charging of the auxiliary reservoir
from brake pipe and supplementary reservoir, prevents recharging the supplementary reservoir, but permits the release of brakes
to take place as desired by the movement of the graduating valve,
causing a series of step-down-and-hold exhausts from the brake
cylinder. In the emergency application brake pipe air is quickly
vented into the brake cylinder, auxiliary reservoir pressure flows
freely to the brake cylinder throuE,11 a large port, and the sup-
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plementary reservoir adds its volume to that of the auxiliary reservoir, the safety valve is cut out and the maximum brake cylinder
pressure is held until released.
THE No. 6 ET LOCOMOTIVE BRAKE EQUIPMENT.

The ET locomotive brake equipment of the Westinghouse
Air Brake Company is so called from the initial letters of the
words engine and tender. What is known as the No. 6 ET equipment is the most recent design, and has very much less apparatus
than the combined automatic and straight air brake. While it secures the advantages of that form of brake, it has several new
features of value. The ET equipment, being intended for the
engine and tender alone, can be applied to any locomotive, whether
used in high-speed passenger, ordinary passenger or freight service, and whether or not the double pressure control apparatus is
used or not.
Advantage! of the ET Equipment. The advantages gained by
the ET brake equipment are that the locomotive brakes may be
used in connection with, or independently of, the train brake, and
without reference to the position of the locomotive in the train.
The locomotive brake, which in this case includes that of the
tender, may be applied at any time with any pressure between the
maximum and the minimum. The pressure-maintaining feature
automatically keeps up the brake cylinder pressure against leaks,
and without reference to variations of brake-cylinder piston travel.
The brake can be graduated on or off with either the automatic or
the independent brake valves.
Parts of the ET Equipment. The parts of the equipment are,
of course, the air pump, the main reservoir, a duplex pump governor, two duplex air gauges, one of which shows equalizing-reser•
voir pressure and main reservoir pressure, the other indicates
brake pipe pressure, and also that of the locomotive brake cylinders. There are also the driver, engine-truck, and tender brake
cylinders, with connections, hose, strainers, couplings, cut-outcocks, fittings, etc.
The parts of the equipment which are peculiar to the ET
equipment are, first the distributing valve attached to a small
double chamber reservoir. This valve and its reservoirs perform
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the functions of triple valves, auxiliary reservoirs, double check
valves and high-speed reducing valves for the locomotive brakes.
In fact, it may be said that these parts, usually separate and distinct with each brake cylinder, are here combined in one device,
so that all the engine and tender brake cylinders are filled and
emptied at the same time and to the same amount by the action
of one distributing valve placed on the engine. There are also
two brake valves in the cab, one the automatic engineers' valve,
which operates locomotive and train brakes at the same time, and
an independent brake valve which is used to operate the locomotive brakes only. In connection with the automatic brake
valve, there is a feed valve to regulate brake pipe pressure, and a
reducing valve in connection with the independent brake valve to
reduce main reservoir pressure for the independent valve and
also for the signal system when used.
The fundamental principle of the air brake is that a brake
pipe reduction sets the brake, whether done intentionally at the
brake valve or accidentally brought about by the bursting of a
hose, or the break-in-two of the train. This principle is maintained in the ET equipment. The car triple valves supply auxiliary reservoir pressure to the brake cylinders throughout the
train, but the distributing valve always supplies main reservoir
pressure to the engine and tender brake cylinders. These two
modes of brake application take place -when the brake pipe pressure is reduced. The use of the independent brake valve sets the
engine and tender brakes without applying the train brakes, and
releases them without producing any effect on the brakes of the
rest of the train.

voir pressure to the brake cylinder, and the other to free this
pressure from the brake cylinders when the brake is released.
The Westinghouse Air Brake Company have applied distinctive names to these various parts of the distributing valve
which, to a certain extent, indicate their use. The part of the

The No. 6 Distributing Valve and Double Chamber Reservoir.

The No. 6 distributing valve is a cleverly devised piece of
mechanism, which acts as a sort of central triple valve for all the
brake cylinders on the engine and tender, and always supplies
main reservoir pressure to them without interfering with the auxiliary reservoir method of brake cylinder supply as used on the
train. The distributing valve itself is practically a plain triple
valve, Fig. 23, with what amounts to an auxiliary reservoir
attached. There is also another small cylinder with piston and
rod, the latter carrying two slide valves, one to admit main reser-
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Fig. 23.
DIAGRAMMATIC VIEW OF THE ESSENTIAL PARTS OF THE DISTRIBUTING VALVE AND Dourttat On.i),InEa RESERVOIR.

distributing valve which corresponds to the plain triple slide
valve is called the equalizing valve, and this valve has in connection with it a graduating valve in the usual way, and what otherwise would be ilw auxiliary reservoir is now called the pressure
chamber. These parts of the equalizing valve are used in automatic brake valve applications only, and a reduction in brake pipe
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pressure operates the equalizing and graduating valves in the
usual way, and these, governing the flow of air from the pressure
chamber, operate the application portion of the distributing valve,
which is the one having the feed and exhaust valves governing the
access of main reservoir pressure to the locomotive brake cylinders. The exhaust valve governs the escape of air from the
brake cylinders. The application cylinder, which contains a
tightly fitting piston for moving these valves, is in communication
with the application chamber while the equalizing valve is in
release, service or service-lap -position, and separated when the
equalizing valve is in the emergency position. The function of
the application chamber is to increase the volume of the application cylinder, so that their combined space in cubic inches will
bear the same relation to the pressure chamber during service applications as the capacity of the brake cylinder, with proper piston
travel on the car, does to the auxiliary reservoir supplying it.
Charging Through the Distributing Valve. Reference to the
diagrammatic view of the distributing valve, Fig. 24, which is
shown in the release position, discloses the fact that brake pipe
pressure reaches the right-hand side of the equalizing piston, and
passes around it by means of the feed groove in the ordinary way.
Brake pipe pressure thus reaches the pressure chamber and, of
course, fills the chamber at the left of the piston containing the
equalizing valve. In charging, it will be seen that brake pipe pressure soon fills the pressure chamber, and the equalizing piston remains at its extreme left-hand position. In this position, with
brake pipe pressure on both sides of the equalizing piston, no
motion takes place, and brake pipe air does not penetrate beyond
the pressure chamber and the chamber containing the equalizing
valve. The brake is then in a condition ready to respond to any
brake pipe reduction. This is the position assumed by the parts of
the distributing valve in full release, either automatic or independent.
The Service Application. In making a service application
with the automatic brake valve, a reduction of brake pipe pressure is effected, with the result as shy wn in Fig. 25. This
causes the equalizing piston to utovc to the right, thus cutting off
the supply through the feed groove. The movement of the piston
carries with it, first, the graduating valve, and then the equalizing

valve. The position assumed by these parts when the piston has
reached, and been stopped by, the graduating sleeve and spring,
is such that air from the pressure chamber reaches the application
chamber, and communication is also established between the ap-
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DISTRIBUTING VALVE-RELEASE, AUTOMATIC OR INDEPENDENT
POSIT10.x.

plication chamber and the safety valve, which is set to blow off
at 418 pounds. Pressure chamber air also reaches the application
cylinder pipe which leads to the independent brake valve, but as
that valve is practically closed under these conditions, it need not
now be considered.
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Under these conditions a pressure has now been introduced
into the application chamber and cylinder according to the
amount of brake pipe reduction. It acts on the left of the application piston, and forces it to the right. The back or inner side

inders and the atmosphere, and thus prepares the cylinders for
the introduction of air pressure from the main reservoir. This
movement of the application piston to the right compresses its
graduating spring, and at the same time carries the upper or application slide valve over, so as to open direct communication between
the main reservoir and the brake cylinders. The air that reaches
the application chamber under present conditions is substantially
at the same pressure per square inch as that which would be developed in a brake cylinder through the ordinary triple valve for
the same brake pipe reduction.
Main reservoir pressure is in any ease higher than even maximum brake cylinder pressure, and in this series of events sufficient air was admitted to the application cylinder to make a partial application only. As a result, a gush of main reservoir air
now reaches the brake cylinders and applies the brakes, and this
main reservoir air in the brake cylinders, though prevented from
escaping to the atmosphere by the closure of the exhaust valve, is
nevertheless able to reach the inner or back side of the application
piston. Brake cylinder pressure acting on the application piston,
aided by the application piston graduating spring, forces the application piston to move to the left, and promptly shut off the
flow of air from the main reservoir to the brake cylinders when
this pressure becomes equal to that in the application cylinder, as
the application slide valve is pinned directly to the application
piston-rod, and moves in strict accord with it., and without any
lost motion.
Service lap Position. This movement to the left of the application piston does not release the brakes. for the simple reason
that the exhaust slide valve is not directly attached to the application piston-rod, but is nioN-ed by shoulders on the piston-rod, and
these are so spaced as to permit just sufficient travel of the pistonrod to release the graduating spring without forcing the exhaust
slide valve to uncover its closed ports. This is the service-lap
position, shown hi Fig. 26. All this time, that is, in the service
application, it must be remembered, the application chamber had
been put in communication with the safety valve, and thus the
movement of the application piston to the service-lap position has
been hastened by the reduction of application chamber pressure,
if that pressure was higher than the adjustment of the safety
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POSITION.

of the application piston is in communication with the brake cylinders, and as there is now no pressure in these cylinders, the
movement of the application piston is positive. The piston-end
of this application piston carries on it two slide valves. The lower
or exhaust. one closes off communication between the brake cyl-

-
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valve, which in the first place moved the application piston against
its graduating spring and introduced main reservoir pressure to
the brake cylinders, which in turn acted on the inner or back

movement to service lap position was thus sufficiently rapid to
prevent an excessive rise of brake cylinder's pressure, even
though supplied directly from the main reservoir. The fall of
pressure in these chambers reduces the pressure on the inner or
back side of the equalizing piston and permits brake pipe pressure to predominate sufficiently to move the equalizing piston to
the left, and so move the graduating valve without moving the
equalizing valve itself. The graduating valve carried on the back
of the equalizing valve, when so moved, cuts off the flow of air
the safety valve, and at the same time blocks the passage of air from
the pressure chamber to the application chamber. The air in the
application chamber is thus shut in and isolated in the service-lap
position, with the brakes set.
Effect of Leakage on Brake Cylinder. With things in this
condition, we may now consider what would take place if a leak
from any one of the brake cylinders depleted the pressure now
holding the brakes set. A leak from any one brake cylinder on
the engine and tender affects the pressure in all, but would be
promptly dealt with by the application valve. Leakage from a
brake cylinder would, of course, diminish the power of the brake,
and in time would practically amount to a release if the depletion from such leakage was not prevented. It should be remembered that brake cylinder pressure is at all times exerted on the
inner or back side of the application piston while in service -lap
position, which we are now considering, and the isolated air exerting its pressure in the application cylinder is acting on the other
side. While each balances the other no movement of the application piston can take place. Leakage from a brake cylinder would
reduce the pressure on the back or inner side of the application
piston, and the isolated pressure on the other side of this piston
would predominate sufficiently to move the application piston far
enough to again open the application slide valve without moving
the exhaust valve. Main reservoir air would at once supply the
deficiency caused by the leak, augment the cylinder pressure sufficiently to once more force back the application piston, and so cut
off main reservoir pressure from the brake cylinders. and thus
keep up the brake cylinder pressure. The action, caused by a leak,
would thus produce an intermittent movement of the application
piston and application valve back and forward, giving them an

Fig. 26.
DISTRIBUTING VALVE, SERVICE LAP POSITION.

side of the application piston so as to shut off further flow from
the main reservoir and so bold the brakes applied.
The return of the application piston to the service-lap position has thus been effected by the combined action of two agencies,
viz.: its graduating spring and increase of brake cylinder pressure.
The brakes set rapidly under main reservoir pressure, and the

-
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exceedingly small stroke, and the weakening effect of the leak
would thus be constantly and readily neutralized. This action is
called the pressure-maintaining feature, and is one of the greatest
importance in holding the locomotive brake to its work with practically no fluctuation even in the presence of leakage. Another
good feature of the ET equipment is that long or short brake cylinder pistor travel has no effect upon the power of the brake.
Full Release Position. The release of the brake is effected in
the usual manner. The restoration of brake pipe pressure forces
the equalizing piston to its extreme left position, and, carrying
with it the equalizing and graduating valve, opens the feed
groove again. This movement cuts off communication between the
pressure chamber and the application cylinder, and permits brake
pipe air to again enter the pressure chamber, and releases, through
the distributing valve release pipe (leading through the automatic engineers' valve to the atmosphere), the pressure in the application cylinder which bad been isolated in the service-lap position, and thus cause the brake cylinder pressure to move the
application piston to its extreme left position, and with it the exhaust slide valve, and permit it to uncover the brake cylinder
exhaust ports and release the brake.
Principle of Distributing Valve Action. The action of the distributing valve so far described is in a way analogous to the action
of a telegraph relay. The relay is on the main line wire, and is
actuated by the making and breaking of the main line circuit by
the telegraph key under the hand of the operator. The to-and-fro
movement of the relay armature-bar makes and breaks the contact
for a local though powerful battery current which actuates the
sounder in the telegraph office. In like manner the equalizing portion of the distributing valve, analogous to the main line relay, responds to train pipe pressure fluctuation, and its to-and-fro movement is the means of operating the application portion of the distributing valve which directly controls the local but high pressure
contained in the main reservoir.
Independent Brake Valve Action. The application and release
of the locomotive brakes, which, of course, includes the tender,
may also be effected by the use of the independent brake valve.
This valve receives main reservoir pressure, limited by the reducing valve to 4-5 pounds on top of its rotary. This independent

brake valve is on a loop of pipe, if one may so say,*the two ends
of which communicate with the distributing valve, one by the
application cylinder pipe and the other by the distributing valve
release pipe, and between the independent brake valve and the
automatic brake valve there is a connection from the application
cylinder pipe and through the independent valve from the distributing valve release pipe, which, when the automatic brake
handle is in running position, communicates with the atmosphere.
The application cylinder pipe at the automatic brake valve end is
blanked when the handle of that valve is in running position. The
independent brake valve, when in running position, makes connection between the application cylinder and the automatic brake
valve, so that the application cylinder brake pipe is closed. With
the automatic brake valve in running position, it will be seen that
the independent brake valve in running position keeps these two
pipes as described, that is, application cylinder pipe closed and
distributing valve release pipe open to the atmosphere.
Independent Application Positions. The independent brake
valve is now able to produce a locomotive brake application on its
own account without setting or releasing the train brake. It has
two modes of making its application, one -when its handle is placed
in the "slow application position, and another when in the
" quick " s „plication position. In the slow application position,
main reservoir air, when reduced to 45 pounds, flows through the
independent rotary valve by a very small port, and so reaches the
application cylinder pipe, as shown in Fig. 27. This reduced
main reservoir pressure is fed eomparatively slowly through the
restricted port in the independent valve, and flows directly to the
outer or front side of the application piston, which it moves to
the right, thereby closing the brake cylinder exhaust and uncovering the supply port leading front the main reservoir to the brake
cylinders. The same action takes place when the automatic brake
valve is used, and forces the application piston valve to assume the
service-lap position, and the pressure maintaining feature operates
as before. When the independent valve handle is put in lap position, it blanks its ports and holds the brakes applied with whatever force was secured in the slow application position. The position assumed by the distributing valve Parts. when the independent
brake valve is on lap, is called the independent-lap position,
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Fig. 28, of the distributing valve. In the quick application position, the independent brake valve opens a larger port for air to
pass through it, and consequently the flow of reduced main reservoir air to the application cylinder is more rapid and fuller than

The maximum pressure that can be introduced into the application cylinder by the independent brake valve is 45 pounds, because the independent valve never gets higher pressure from the
reducing valve; therefore it follows that this is the highest brake
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Fig. 28.

DISTRIBUTING VALVE, INDEPENDENT APPLICATION POSITION.

DISTRIBUTING VALVE, INDEPENDENT LAP POSITION.

with slow application. The pressure maintaining feature again
operates, and when the independent brake valve handle is placed
in lap position, it isolates the pressure in the application cylinder
just as the automatic valve did when the distributing valve was
in the service-lap position.

cylinder pressure which can be obtained by the use of the independent brake valve. The release of brakes by the independent
valve can be graduated as in the case of the automatic valve. The
independent release, Fig. 2D, is effected by returning the independent brake valve to its running position, whereby communica-
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tion is established between the distributing valve release pipe and

Independent Brake Valve. The independent brake valve,
Fig. 30, is provided with a return spring, which. automatically
moves the handle from release to running position as soon as the
engineer lets go of it. This arrangement is for the purpose of
preventing the handle being left in release, as it would then be
impossible to operate the locomotive brake with the automatic
brake valve, for the reason that the release position of the independent brake valve, if permanently assumed, would be equivalent

the atmosphere through the automatic brake valve, provided that
valve is in running position. If it is not in running position, the
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Fig. 29.
DISTRIBUTING VALVE, RELEASE BY INDEPENDENT VALVE AFT ER
AUTOMATIC APPLICATION.

independent release can still be effected by the independent valve
handle being placed in release position, when the independent
brake valve establishes communication between the
le distributing
valve release pipe and the atmosphere through its own exhaust
port.

S-6 INDEPENDENT BRAKE VALVE,
to a broken distributing valve release pipe. When in the release
position a warning port is opened, and the blow from this would
notify the engineer that the independent valve was in release position if the return spring became inoperative. The return spring
on the independent brake valve serves another purpose as well as
that just described. It automatically returns the independent
brake valve handle from quick to slow application position, unless
held by the engineer. This is done for the purpose of checking an
98
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unintentional movement to the quick application position when the
slow application was desired. The tension of the return spring
causes the engineer to feel that he has passed the slow appli-

which would occur if a hose burst. The escape of air from the
brake pipe acting on the distributing valve causes the equalizing
piston to move to its extreme right position and fully compress the
graduating spring. This causes the equalizing valve to open direct
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DISTRIBUTING VALVE, EMERGENCY LAP POSITION.

cation position; he thus avoids a heavy application, when only a
light one was intended.
Emergency Application. The emergency application of the
ET brake, Fig. 31, is made by the automatic brake valve. When
the handle is thrown to the extreme righthand position, there is,
rf eimrse, a sudden and heavy brake pipe reduction similar to that

communication between the pressure chamber and the application
cylinder without opening the port leading to the application
chamber which it thus cuts out. Pressure-chamber air, containing
original brake pipe pressure, quickly equalizes in the small application cylinder, and a resultant pressure of about 65 pounds is se-
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cured, which acts on the application piston and drives it to its
extreme right-hand position. This movement has the effect of
promptly closing the exhaust passage from the brake cylinders and
fully opening the port by which main reservoir pressure pours into
them. The safety valve passage is also connected with the application cylinder, though the application cylinder pressure is now
too low to blow; yet in any case the high brake cylinder pressure
would automatically force the application piston to its lap-position, Fig. 32, with a pressure in the brake cylinders far below the
maximum, if it were not for a feature of the automatic brake
valve which provides against the lap-position of the application
valve being now prematurely assumed. There is a small port in
the rotary valve of the automatic valve, called the blow-down
timing port, which in the emergency position is made to open and
allow main reservoir pressure to feed into the application-cylinder
pipe and so reach the application cylinder. This raises the pressure in the application cylinder so that the brake cylinder pressure
cannot at once move the application piston, and the supply of air
to the brake cylinders from the main reservoir still flows, until
about 68 pounds pressure in the brake cylinder is obtained. The
pressure in the application cylinder, being raised by the opening of
the blow-down timing port in the rotary, is prevented from exceeding the required 68 pounds by the action of the safety valve,
which is connected with the application cylinder by a port. in
equalizing valve of such a size that the flow of air from the main
reservoir through the rotary valve is carried off as fast as it feeds
in, making up any slight leak that might exist, and thus maintaining 68 pounds pressure in the brake cylinders, with the distributing valve in what is called emergency-lap position. The pressuremaintaining feature of the application portion of the distributing
valve is now, as in other cases, still operative, and the effect of
leaks is thus neutralized, and a constant pressure of 68 pounds to
the square inch is held steadily in the brake cylinder until the
brakes are definitely released.
Arrangement for "Double-heading." In "double-heading," the
handles of the automatic and the independent brake valves on both
engines are kept in the running -position. The distributing valve
release pipe is open to the atmosphere through the automatic valve
on the leading engine; the double-heading cock below the automatic

valve is closed on the second engine. The action of the distributing valves takes place as described in automatic brake valve applications. In double heading the distributing valve action on the
second engine is similar to the triple valves on the train. In case
the engineer of the second engine wishes to apply or release his
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Fig. 33.
QUICK

ACTION CY LI N DER CAP.

locomotive brake, he can do so by using his independent brake
valve, without touching his automatic valve.
Quick-action Cylinder Cap. In connection with the distributing valve there is an attachment which is supplied by the Westinghouse Air Brake Company when specially ordered. This attachment is very desirable when engines are used in double-heading,
and is called the quick-action cylinder cap, and is shown in
Fig. 33. Its function is to add the quick-action feature of the
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"L" triple to the distributing valve when it is deemed advisable to
cause brake pipe air to be vented into the brake cylinders in the
emergency application. The equalizing portion of the distributing valve corresponds to the plain triple valve of the old standard
locomotive brake equipment, and the addition of the quick-action
head practically transforms the distributing valve into a quickaction triple without otherwise altering its construction or disturbing its action. The quick-action cylinder cap operation does
not increase the brake cylinder pressure, as that is governed by the
pressure in the application cylinder of the distributing valve. Its
function is to produce quick action in the triple valve on the first
ear following the tender, and as it is less sensitive than an ordinary quick-action triple, it is placed in comparatively close proximity to the brake valve, and it performs its function there -with
less liability to produce undesired quick action than a quick-action
triple valve would do.
The quick-action cap is bolted to the equalizing piston end of
the distributing valve. The head contains the graduating spring,
but on the graduating spring stem there are two collars, between
which is a small slide valve having no lost motion. The full compression of the graduating spring in an emergency application
moves the stem and carries with it the small slide valve. The
movement of this slide valve uncovers a port leading to a chamber
containing a check valve, which is normally held closed by the
upward effort of a coil spring, and by brake cylinder pressure
which has access to its under side by a passage which is used to
drain that portion of the distributing valve which contains the
exhaust and application slide valves. When the brakes are not
set there is no air pressure below the quick-action check valve, and
it is held to its seat by the coil spring beneath it. The sudden
reduction of brake pipe pressure in an emergency application fully
compresses the emergency spring, carries the emergency slide
valve over so as to permit brake pipe pressure to reach the quickaction check, unseat it and flow directly into the brake cylinders.
The rise in pressure in the brake cylinders, now filling with brake
pipe and main reservoir air, quickly augments the pressure below
the quick-action check, and, aided by the spring below, it closes the
check. The action of the check valve in opening and closing under
these circumstances is exceedingly rapid, but the venting of brake

pipe air into the brake cylinders of the locomotive equipment produces the almost instantaneous quick-action of the triple on the
first ear following the tender, and this action is carried on quickly
throughout the entire train brake system. The quick-action feature of any triple valve is such that each promptly causes the next
to act, and by introducing this feature, when required, into the
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behavior of the distributing valve, it practically amounts to se-

curing the normal distributing valve performance, plus the quickaction feature of the ordinary quick-action triple valve.
The H-6 Automatic Brake Valve. The engineers' brake valve
used with the ET equipment is called the H-6 automatic brake

1538

AIR BRAKES.

valve, as shown in Fig. 34. It contains the features embodied in
the previously designed automatic brake valves, but it is modified
so as to suit the requirements of the No. 6 distributing valve. The
charging and release position of the automatic brake valve is such
that the relationship which its various parts are made to assume
provides a large and direct passage from the main reservoir to the
brake pipe, and a free supply of air from the main reservoir flows
to the brake pipe without passing through the feed valve. With
the handle in this position, the feed valve is cut out. The flow of
main reservoir air direct to the brake pipe quickly releases the
brakes and recharges the pressure chamber of the distributing
valve and the auxiliary reservoirs throughout the train, but. dues
not release the locomotive brakes if they arc applied. While in
this position there is a small warning port opened which discharges feed pipe air to the atmosphere. This makes sound sufficient to call the engineer's attention to the position of the brake
valve. The handle should be moved to running or holding position,
after a reasonable time, so as to prevent the brake system becoming
charged up to main reservoir pressure. In this position a small
groove in the face of the rotary valve allows main reservoir air to
flow to the excess pressure head of the pump governor, which then
controls the pump.
When it is desired, the handle of the automatic brake valve
is placed in running position, and•in this position the locomotive
brakes are released. The feed valve is cut in and the main reservoir pressure is supplied to the excess pressure head of the pump
governor which still controls the pump. If the brake valve has
been placed in running position too soon, that is, before the brakes
are charged, or after uncharged cars have been placed in the train
and angle cocks opened, the excess pressure head of the governor
will stop the pump until the difference in the main reservoir pressure and that of the brake pipe, as shown by the red and black
hands on the Duplex Gauge No. 1, becomes something less than
20 pounds. The stoppage of the pump, owing to the rise of main
reservoir pressure to maximum while the feed valve is supplying
the brake pipe at a comparatively slow rate, indicates at once to
the engineer that the running position has been assumed too early,
and that by so doing be is unnecessarily delaying the recharging of
the brake, as release position is intended to be maintained until
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all the brakes have been released and the system very nearly fully
recharged.
In the service-position of the automatic brake valve a gradual
reduction of brake pipe pressure takes place, owing to the reduction of pressure in the chamber above the equalizing piston, and in
the equalizing reservoir, which are always in communication. The
exhaust of air from the chamber and the equalizing reservoir is
slow, owing to the size of the port opened. The pressure therefore
falls gradually. All the other ports are closed and the brake pipe
pressure raises the equalizing piston, opens the piston valve and
allows brake pipe air to escape to the atmosphere through the
angle fitting. As soon as the required . reduction of pressure in
the equalizing reservoir has been made, the handle of the automatic brake valve is placed in lap position, and the flow of air
from the chamber and the equalizing reservoir ceases. The escape
of air from the brake pipe, however, continues until the larger
volume of air in the brake pipe sinks to a pressure slightly below
that of the equalizing reservoir, thus ensuring brake application.
The gradual reduction of brake pipe pressure thus effected prevents quick-action, and what amounts to the practical equalization
of the pressure in the whole length of the brake pipe with that of
the equalizing reservoir, and also prevents premature release of the
brakes at the front of the train. These features of the H-6 automatic brake valve are common to the preceding designs of
engineers' brake valves.
The lap position closes all -ports, and is used, as previously
described, to stop the flow of air from the equalizing reservoir, and
while in this position the brakes, if already set by a service application, are held set, until either a further reduction of brake pipe
pressure is made by a second service application, or until it is
desired to release the brakes. The lap position has hitherto been
resorted to in case of a burst hose, a break-in-two, or if the conductor's valve has been opened, so as to prevent the loss of main
reservoir pressure under these circumstances; but the Westinghouse Air Brake Company now recommend the emergency position of the brake valve in order to ensure the brake remaining applied .under all conditions.
In describing the release position, it was stated that the train
brakes would be released, while the locomotive brake, if applied,
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would be held so. The excess pressure from the main reservoir
flows into the brake pipe, and when the brakes have been released
and auxiliaries almost charged, the automatic brake valve handle
is placed in either running position or in holding position. In
the holding position the train brake is released, and brake pipe
pressure reaches the auxiliary reservoirs and maintains pressure
against leaks, while the distributing valve release pipe is prevented from discharging air isolated in the application chamber,
and the locomotive brakes remain set, although the pressure
chamber of the distributing valve now receives brake pipe pressure through the feed groove. Running position releases the locomotive brake by discharging the air isolated in the application
chamber of the distributing valve, as well as permits the flow of
main reservoir air to the brake pipe in the usual way. This running position releases every operative brake on the ears, engine
and tender, while holding position releases the car brakes while
keeping the engine and tender brakes set.
In the emergency position a large port, connecting the brake
pipe with the atmosphere, is opened. This ensures a rapid and
heavy reduction of brake pipe pressure, and the distributing valve
and the car triple valves all go to their emergency position, and
thus give maximum braking pressure in all the brake cylinders.
At the same time the main reservoir air is enabled to flow through
a restricted opening in the automatic valve rotary and reach the
application cylinder of the distributing valve. This restricted
flow of main reservoir air through the blow-down timing port in
the automatic brake valve holds the application piston in position
to apply the locomotive brakes with a pressure equal to that to
which the safety valve of the distributing valve has been set, which
is 68 pounds.
The B-6 Feed Valve. The feed valve furnished with the engineers' brake valve in the ET equipment is called the B-6 feed
valve. It is an improved form of the slide valve type, and differs
from preceding feed valves in the fact that it charges quicker to
the predetermined pressure, and in its ability to maintain that
pressure with less fluctuation, whether the train be long or short,
and in spite of somewhat indifferent maintenance of the brake
system. It is not intended, as it were, to authorize poor brake
maintenance, but it is designed to meet actual conditions of rail-

way brake service where one train may be in better condition than
another. It is supplied with air directly from the main reservoir
and regulates pressure in the feed valve pipe, and also in the brake
pipe when the handle of the automatic brake valve is in either running or holding positions. One of its particular features is an ingenious device whereby high or low pressure control is quickly
and readily secured by a most simple adjustment.
This feed valve, as shown in Figs. 35 and 36, may be described as consisting of two parts, called respectively the supply
portion and the regulating portion. The supply portion controls

Fig. 35.
DIAGRAM OF

B-6

FEED VALVE, CLOSED.

the flow of air through the valve, and is made np of a slide or
supply valve and its spring, and the supply piston and its spring.
The regulating portion contains the regulating valve with its
spring, a diaphragm, diaphragm-spindle, regulating spring and the
regulating handle by which the adjustment for high or low pressure control is accomplished.
The operation of the feed valve is simple. The entrance of
main reservoir pressure moves the supply -piston to the left, and
causes the supply valve, which is in the form of a slide valve, to
move to the left and uncover a port leading to the diaphragm
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chamber of the regulating portion and also to the feed-valve pipe.
:Main reservoir pressure, therefore, has at first free access to the
feed-valve pipe. At the same time main reservoir pressure is able
to flow past the loose-fitting supply piston and so reach the regulating valve, which is normally kept open by the diaphragm spring.
Main reservoir pressure therefore passes through the regulating
valve and finds its way to the feed-valve pipe. The flow of air
past the regulating piston is somewhat restricted, and it is also
somewhat restricted in its passage past the regulating valve. As
soon as the predetermined feed-valve pipe pressure is reached, the

the predetermined pressure when closure of main reservoir communication takes place again. In this way slight variations of
feed-valve pipe pressure are rapidly and automatically made up,
and the predetermined pressure is constantly maintained.
Setting Feed Valve for High or Low Pressure Control. The
regulating device by which an engineer may set the apparatus for
high or low pressure control is exceedingly simple. It consists of
a corrugated handle very much like that used on some types of
globe valves. The movement of this handle through half a turn
one way compresses the regulating spring, and thus increases its
pressure on the diaphragm. Half a turn of the handle in the opposite direction reduces the compression of the regulating spring
against the diaphragm. The greater compression of the regulating
spring holds the regulating valve open until a higher feed-pipe
pressure has Le•n secured, ilaus ensuring the maintenance of the
high pressure control fur brake operation. The lesser compression
of the regulating spring is all that is necessary to secure low pressure brake control, the feed valve responding automatically in
each case.
The required adjustment for the high or the low pressure
control is obtained by the simple half-turn movement of the regulating handle by the engineer, and as the exact half trim is all
that is required, the handle is equipped with a pin which strikes
on one of two stops placed so as to secure just the required movement of the handle. When it is remembered that formerly two
separately adjusted feed valves were required, one of which was
cut in as the other was cut out in order to maintain either the high
or the low pressure control, the simplicity, convenience and economy of parts in this design is easily apparent.
The SF Pump Governor. The pump governor called the SF
type, Fig. 37, has a duplex bead; one is called the excess pressure
head and the other the maximum pressure head. When the automatic brake valve handle is in either the release, running or holding positions, main reservoir pressure flows to the excess pressure
head. Air from the feed-valve pipe also enters this head, and
main reservoir pressure at all times reaches the maximum pressure head; and when the excess pressure head is cut out, as it is
when the handle of the automatic brake valve is in lap, service or

Fig. 36.
DIAGEAM OF 13-0 FEED VALVE, OPEN.
pressure on the diaphragm causes it to compress its spring, and
in so doing allows the regulating valve, aided by its spring. to seat.,
and the pressure behind it rapidly rises, holds it shut and backs
up against the left side of the supply piston. When the pressure
on both sides of the supply piston becomes equal the supply piston
spring acts. The supply piston is thus moved to the right, carrying with it the supply valve, which by this movement is closed and
main reservoir pressure is shut off from the feed-valve pipe. Any
fall of feed-valve pipe pressure causes the automatic operation of
the parts to take place, as described above, and main reservoir
pressure reaches the feed-valve pipe again and rapidly builds up to
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emergency positions, or when cut out by the main reservoir cutout cock, the maximum pressure head controls the pump.
When the automatic brake valve handle is in running position, as it is during most of the time on the trip, comparatively
little excess pressure is required, and the adjustment of the excess

main reservoir pressure is obtained, so that prompt and positive
brake release is thus provided for. The excess pressure head is
very sensitive, and not only is the work of the pump made comparatively light while it governs, but the slight fluctuations of pres-
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sure due to leaks are at once made up by the almost constant but
slow action of the pump. When brake pipe pressure is raised, as
it is in high-speed work, the pump governor responds to the
altered condition, while at the same time maintaining the other
admirable features just described.
Advantages of the SF Pump Governor. With the use of the SF
pump governor, another advantage is secured. While descending
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pressure head is arranged to maintain about 20 pounds higher
pressure in the main reservoir than that in the brake pipe. As
soon as the handle of the automatic brake valve is brought to lap,
service or emergency positions, the maximum pressure head is
brought into action and the pump works freely until maximum

AIR STRAINER AND CEIECK VALVE.

steep grades the engineer is enabled to raise and maintain brake
pipe pressure SO pounds higher than that allowed by the feed
valve, by the simple expedient of placing the automatic brake
handle in release position and leaving it there during the descent
of the grade. The stored excess pressure is thus allowed to reach
the brake pipe, and the pump maintains that pressure, as previously described. Lap or service positions (as well as the emergency) will at once put the maximum pressure head in control, and
the pump will work freely and so raise main reservoir pressure

very quickly, so that it can be used for prompt and effective release of brakes.
The "Dead Engine" Feature. What is known as the "dead
engine" feature, Fig. 38, is contained in the combined air
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strainer, check valve and choke fitting which is part of the ET
equipment. The dead engine feature is designed to permit the
application of brakes to be made on a dead engine. As the dead
engine feature is only used, when a locomotive is disabled by being
broken down or for want of steam, a cut-out cock is provided
which brings this apparatus into action or eliminates it, as desired. When the dead engine feature is in use, air for operating
the locomotive brake on such an engine is supplied from the other
engine on the train through the brake pipe, and the handles of
both brake valves on this engine should be kept in the running
position. If by reason of the absence of water in the boiler of the
dead engine its working weight is reduced, the braking power
may be correspondingly reduced by altering the adjustment of
the safety valve on the distributing valve. The maximum braking
power may also be reduced at will by the independent brake valve.
While the dead engine feature is in operation the double-heading
cock must be closed. It is not intended that the train brakes be
set or released on this engine.

"nop" safety valves used on locomotives. The valve itself is held
on its seat by a spring, capable of suitable adjustment. When the
pressure below the valve becomes greater than that of the spring
above it, the valve lifts and discharges the air below it to the atmosphere. The air rushing upward past the valve, when open, encounters a collar on the valve above its face. The increased area

Functions of the Combined Air Strainer and Check Valve.
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The

parts of this apparatus, while simple, have their definite functions.
The curled hair strainer protects the other parts from the intrusion of dirt or grit. The check valve is held down on its seat by
a strong spring, and while allowing sufficient pressure to accumulate in the main reservoir to ensure locomotive operation on this
engine, it also keeps the main reservoir pressure somewhat lower
than that in the brake pipe in order to minimize the effect of
main reservoir leaks, should there be any. The choke bushing
through which the air must pass in order to reach the main reservoir of the dead engine is designed to prevent a sudden lowering of
brake pipe pressure, and the consequent undesirable application of
brakes in case an uncharged dead engine main reservoir was cut in
on a fully charged brake pipe. The choke bushing in the dead engine apparatus is thus analagous to the small feed groove in the
triple valve.
The B-6 Safety Valve.. The safety valve, which forms an important part of the distributing valve, is known as the E-6 type
of safety valve, shown in Fig. 39. This device has been designed
so as to quickly respond to slight differences in pressure, and in its
ability to seat firmly it resembles the action of the ordinary steam

Fig. 39.

E-6

SAFETY VALVE.

thus exposed to the air causes a quick upward movement of the
valve and a free discharge of air through the exhaust port near top
of valve. The upward motion of the valve speedily closes two
vertical ports in the valve hushing by which, as the valve rises,
escaping air reached the chamber above the valve, and was discharged to the atmosphere through two small vents. As the
99
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pressure below the valve decreases, owing to the rapid discharge
afforded by the large exhaust port to the atmosphere, the spring
on top of the valve forces it down and closes the large port to the
atmosphere and again opens the vertical ports leading to the spring
chamber. Although air escaping to the atmosphere does so through
npenings made small enough to restrict the outflow, a certain
amount of pressure necessarily accumnlates in the spring
lumber above the valve, and with the aid of the spring closes and

specially designed B-6 feed valve. The only difference between
it and the B-6 feed valve is that the C-6 reducing valve has the
ordinary adjusting nut and cap used on former types of feed
valves instead of the hand-adjusting wheel used on the B-6 feed
valve. In the ET equipment it is placed on the pipe leading from
the main reservoir to the independent brake valve, and in this
position main reservoir pressure is always reduced to 45 pounds
before reaching the independent brake valve.
Difference Between No. 5 and No. 6 ET Equipment. The ET
equipment, which has here been described, is known as the No. 6
ET locomotive equipment, and is a modified and more recent design of the older No. 5 ET equipment.. The No. G equipment is designed to produce the same brake action by simpler means, as well
as carrying with it some additional advantages. In double heading
the handle of the brake valve on the second engine is kept in running position with the No. 6 ET equipment, whereas in the older
form, designated as No. 5, the brake handle was kept in lap position. The No. 6 equipment therefore conforms in this respect to
the practice in vogue with the old G-6 brake valve. The release
position of the independent brake valve will release the locomotive
brake under any and all conditions.
The No. 5 ET Equipment. A word should be said concerning
the previously designed form of the ET equipment, known as
No. 5. The brake valves used in both the No. 5 and No. 6 equipments are similar in appearance, though they differ in construction, the No. 6 being the later and improved form. The distributing valves of both equipments are also similar in appearance,
though slight structural differences exist. In case of a parted
train or burst hose, the pressure in the application chamber of the
No. 5 distributing valve was free to escape to the atmosphere
through the brake valves, unless the handle of either automatic or
independent brake valves had been moved to running position.
With the II 6 distributing valve the application chamber
pressure is also open to the atmosphere through the brake valves
when in running position, if the equalizing valve of the distributing valve is in release position, and in case of an open brake pipe
the equalizing valve would be moved and would intercept the
escape of air from the application chamber, and so prevent release
of the locomotive brakes. In emergency, the II 5 distributing

Fig. 40.
C-6 REDUCING VALVE.
firmly seats the valve. The adjustment of the safety valve should
be such as to ensure its blowing off at 68 pounds pressure.
The 0.6 Reducing Valve. This valve, shown in Fig. 40, is in
reality the feed valve that has been for years in r eg ular use with
the G-6 brake valve. This reducing valve has been designed so as
to secure a fixed and permanent reduction of main-reservoir pressure, which with the ET equipment is 45 pounds. The name reducing valve is used with this equipment to distinguish it from the

1519

1550

AIR BRAKES.

AIR BRAKES.

valve allows equalizing reservoir pressure to flow him the application chamber. The 11 6 in the emergency empties equalizing
reservoir air to the atmosphere. With the II 5 equipment, when
double-heading, the handle of the automatic brake rake is placed
in lap position and the double-heading cock under the brake valve
is closed. With the 11 6 equipments the double-heading cock is
also closed; but the handle of the automatic brake valve is placed
in running position.
The 11-5 equipment has a duplex and a single pointer air
gauge, the 11-6 has two duplex gauges. With the 11-6 equipment,
the larger of the two shows main reservoir and equalizing reservoir
pressures, while the smaller gauge indicates brake pipe and brake
cylinder pressures. The connection to the smaller is made so as
to show brake pipe pressure at all times, regardless of where the
engine is in the train when double-heading. The 11-5 and the
11-6 distributing and brake valves are not interchangeable, and
though somewhat similar are of different construction.
Advantages of the ET Equipment. One of the advantages
which is claimed for the ET equipment is that the locomotive
and the train brake can be used alternately in descending a long
grade. The release of the train brake, with the use of retaining
valves, enables the engineer to recharge the train auxiliaries while
there is a certain amount of brake power still operative on the
train. To this the full power of the locomotive brake can be
added, and when the train brake is again applied the locomotive
brake can be released so as to prevent heating of tires, with the
train still under full control. The independent brake forms a
safety feature of the highest value, as it will hold a locomotive
with a leaky throttle or a heavy train on a fairly steep grade.
The whole apparatus has been designed with minute attention
to detail, and it provides a locomotive engineer with the latest and,
one may truly say, one of the most efficient safety devices in the
whole range of modern railway operation.

front. It is with a view of meeting the severer requirements
which prevail to-day that the Westinghouse Air Brake Company
have brought out their triple valve of the type " K " for freight
cars. These modern conditions are the increase of train lengths
beyond the practical 50-car maximum of the days when the first

THE QUICK ACTION FREIGHT TRIPLE, TYPE "X."
-

The old adage that " circumstances alter cases" is as good
in the mechanical world as outside of it. and the altered conditions
in modern railway service have brought new brake problems to the
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quick-action triple was designed. Higher speeds and greater car
capacities have also had to be dealt with, and the "K" quickaction freight triple valve is intended to meet the' situation.
Advantages of "K" Quick action Freight Triple Valve. This
valve, while it embodies all the features of the older form, has
three new features, which are "quick-service," "retarded release"
-
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and " uniform recharge." It has the added advantage, not directly contained in its structural makeup, of being able to be used
with the old type of valves, and it actually improves their action
when both kinds are in the same train. The old style or " H "
freight triple valve can be changed into the newer type, K, with
the change of only a few parts.
Types of Preight Triple Valves. The " K " freight triple
valve is made in two sizes, respectively designated as the "K-1 "
and the " K-2 " valves. The first of these is used with 8-inch
freight ear brake cylinders, and corresponds to the old "H-1"
freight car triple. The " K-2 " triple, shown in Fig. 41, is used
with 10-inch freight car brake cylinders and corresponds to the

a and 43, are diagrammatic representations of the K triple valve,

1LL3

showing the passages and parts. They do not, of course, accurately represent the structural details, as these could not be
very well shown in a sectional view. A glance at the illustration
will make it plain that brake pipe air enters the triple in the
usual way and reaches the triple piston, which it forces into the
position shown. Brake pipe air therefore reaches the auxiliary
reservoir by way of the feed groove. Here it should be mentioned
that the feed groove in both K valves is of the same size as that
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Fig. 43.
old "11-2" type. The two kinds of K triple valves are generally similar in appearance, but are marked K-1 and K-2 upon
the body of each. A further and conspicuous difference between
them is that the K-1 valve has two bolts in the auxiliary reservoir
flange and the K-2 has three such bolts. In order to distinguish
the K triples from the H triples, both the K valves have each a
lug cast on the top of the body and the II valves have not. It is
thus easily determined by the presence or absence of the lug
whether a valve belongs to the K or the FI family, and the number
of bolt holes in the reservoir flanges of the K and the figure on
the body show which style of K any valve is.
Pull Release and Charging Position. The illustrations, Figs.

FULL RELEASE AND CHARGING

PosiTioxs, K-2 TRIPLE.

of the older 11-1 triple, which was designed to charge the auxiliary
reservoir of an 8-inch brake cylinder. The difference between
the K-1 and the K-2 triple valves, internally, is that the K-2
triple, which supplies air for the auxiliary reservoir of a 10-inch
brake cylinder, has an extra passage for auxiliary supply as well
as the feed groove, and the K-1 valve is without this extra passage,
as will be duly explained.
In the charging position the K-2 valve, which we are considering, feeds the auxiliary reservoir through the feed groove,
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and, in addition to this, air passes by the check valve and from the
chamber above it, flows up through the quick service passage in the
body of the triple and up through a straight port in the slide valve
and enters the auxiliary reservoir. The supplies, by way of the
feed groove and through this quick service passage, which latter
we may call the secondary charging route, are together able to
quickly charge the larger auxiliary reservoir used with the 10-inch
brake cylinders. The time occupied in charging the larger reser-
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Fig. 44.
QUICK SERVICE POSITION, K-2 TRIPLE.

voir through the feed groove and by the secondary route about
equals that occupied in charging the smaller reservoir used with
the 8-inch brake cylinder through the feed groove only.
Quick-service Application. In order to secure a quick-service
application, brake pipe pressure is gradually reduced and the
triple piston moves so as to cut out the feed groove, as shown in
Fig. 44. The consequent movement of the slide valve now brings
a port z in the slide valve into part register with port r in the
triple body, and air flows directly to the brake cylinder by what
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we may call the service application route. The exhaust port from
the brake cylinder is blanked. The flow through the service application route is restricted by the partial registration of the slide
valve port with that in the triple body. This position of the
triple valve brings the quick-service feature into play. This
feature is the venting of some train pipe air into the brake cylinder, but it is done without sufficient force to cause an emergency
application, yet at the same time it helps to quickly fill the brake
cylinder, and the consequent fall of brake pipe pressure is rapid
enough to produce the quick-service action on the triple valve on
the next car in the rear, and so on back.
The quick-service action is produced by the movement of the
graduating valve which connects passage y in the body of the
triple, by means of the cavity in the graduating valve, with the
passage which leads to the chamber above the emergency piston.
(The quick-service passage y is the same one which in the charging position formed part of the secondary charging route.) Air
from the brake pipe entering, in small quantity as it does, the
chamber above the loosely-fitting emergency piston, flows past this
piston and enters the brake cylinder. It is thus that the comparatively gentle flow of air from the brake pipe past the emergency piston constitutes the quick-service feature, and its result is
similar to, though much less violent than, the emergency action.
The quick-service feature therefore causes brake pipe reduction to
travel quickly back throughout the train, and, if an ordinary quick
action triple is away back in the train, its response is as prompt
as if it had been on one of the leading cars. The quick-service
feature, therefore, acts beneficially on the standard equipment of
older design when mixed in the train. The quick-service feature
causes a brake action about twice as fast throughout the train as
that obtained with the older equipment on a 50-car train. The
quick-service has the further advantage, that, by reason of the venting of some brake pipe air into the brake cylinder, a much less
initial brake pipe reduction is required through the engineers'
brake valve than formerly, and the brakes apply more quickly and
draw a less quantity of air from the auxiliaries. The rapid filling
of the brake cylinder forces the brake cylinder piston to travel
rapidly in its stroke over that portion where the leakage groove
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lies, and thus a further economy in the use of compressed air is
effected.
Full Service Application. In the full service application,
Fig. 45, if the brake pipe reduction is greater than the reduction
of auxiliary reservoir pressure, due to its flow to the brake cylinder, the triple piston is therefore compelled to move far enough
to the left to slightly compress the graduating spring. in this
position the quick-service port in the body of the triple is blanked,
and the port z in the slide valve is brought into full register with

brings about the state of affairs just described, and as soon as the
reduction of auxiliary reservoir pressure falls slightly below that
of the brake pipe, the triple valve again moves to lap position and
holds the brakes set without any further flow of air from the auxiliary reservoir.
The Retarded Release and Charging. The triple parts are
made to assume the position shown in Fig. 47 for retarded release
and charging. This position differs from the full release position
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Fig. 45.
FULL SERVICE POSITION, 31-2 TRIPLE.
the passage r in the triple hotly leading to the brake cylinder.
Brake pipe air is not vented into the brake cylinder, but a more
copious flow of auxiliary reservoir air reaches the brake cylinder
through the full registration of the slide valve port and triple body
passage.
The Lap Position. In this position, Fig. 46, all the triple
valve ports are blanked and there is no flow of air from the auxiliary reservoir, and the air in the brake cylinder remains as it is
with brakes set. A further reduction of the brake pipe pressure

LAP

Posmox, K-2 TRIPLE.

in several particulars, the net result, however, being that the
brakes are held set for a considerable time owing to the restricted
exhaust passages through which the air escapes, while the auxiliary
reservoir is charged through the quick service passage 7 in the
body of the triple. It will be remembered that when retaining
valves were used the triple valve parts were made to assume the full
release position, and the fact that air was held in the brake cylinders was due solely to the action of the retaining valves, which
permitted only a slow exhaust to take place, and finally blocked
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the brake cylinder exhaust at 15 pounds pressure, and held it there
indefinitely. The retainer was a separate piece of mechanism
which required to be cut in or cut out by hand on each car.
Here the retarded release, as its name suggests, permits the
slow but continuous exhaust of brake cylinder pressure, and the
time required to empty the brake cylinder is taken advantage of
to recharge the auxiliary reservoir. This position of the triple
valve permits brake pipe pressure to reach the auxiliary reser-
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voir at the same time that brake cylinder air is being exhausted
and brakes are slowly releasing. The action in this ease is very
much as if brakes were permitted to slowly leak off while recharging was going on, but the expression retarded release is preferable,
as the word "leak" implies the existence of an undesirable state of
affairs, and the slow release of brakes, as here produced while
charging is going on, is thus rendered legitimate.
The object of the retarded release is to let off the brakes on
long trains practically at the same time and to secure a uniform
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recharge throughout their entire length. The danger of shock or
break-in-two is avoided, and the premature quick release and subsequent automatic re-application of the brakes on the cars at the
front of the train are prevented.
There is one condition which is always persistently before
the designer of air brake equipment, and that is that the source
of the compressed air supply is always at one end of the brake
pipe, and the ear at the other end of the train has to be fed by air
which has traversed the entire length of the brake pipe, be the
train long or short. This condition does not necessarily exist in
either electrical or water supply service for industrial purposes,
and it has been provided for very ingeniously in the retarded release and recharging position of the triple valve parts. As an
illustration of the condition which always confronts the air brake
designer, we may refer briefly to a curious suggestion which was
once made by a gentleman obviously unacquainted with engineering science.
This gentleman proposed to water the streets of a city in hot
weather by laying a pipe along the gutter on each side of the
roadway. This pipe was to be perforated along its entire length
by a series of holes something like a very much elongated flute,
and water flowing from all these holes was expected to cover the
area of roadway and thus obviate the necessity for watering carts.
It is hardly necessary to say that the flute-like water pipe proposed
by this gentleman might be more or less effective for the first few
lengths of pipe; that the holes in the middle stretch would give
very little flow, while those remote from the source of supply
could not deliver any water.
The analogy, however, holds good in the case of a long train
with the source of supply necessarily placed at one end of the
brake pipe. In the release and charging position air driven into it
from the main reservoir on the engine flows along the brake pipe,
which on each car is absorbed by a partially empty auxiliary reservoir ready to drink up as much air as possible, regardless of others
more remote from the source of supply. This very real condition,
which would result in the release of brakes on the front of the
train while others remained set on the rear end, is dealt with by
the triple valves themselves by a sort of automatically produced
"community of interest," whereby the position of the triple parts
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are made to assume certain positions corresponding to the place
in the train occupied by any given car.
The K triple has two release positions, which are the full release and the retarded release. Between these two positions the
triple valves in a long train arrange themselves, and practically all
intermediate positions are assumed in a sort of graduated series
like the successive poses of a moving figure as photographed by
the k inenetogra ph.
When brakes are released on a long train, air flows into the
brake pipe in considerable quantity and raises the pressure in that
pipe. The natural result of this with the older designs of triple
valve was that the cars at the bead end of the train were released
at once, but the air in the brake pipe, on its way to release brakes
further back on the train, was absorbed by the auxiliaries on the
front cars, and with the friction caused in passing along the pipe,
the pressure capable of ensuring brake release did not travel
through the brake pipe in sufficient quantity until the forward
auxiliaries were full. Brakes were thus released at the front, but
remained set at the back. The flow of air into the brake pipe
with the K triples causes the triple piston of the cars at the front
of the train to move to their extreme right-hand position, and the
end of the triple stem now strikes a spring and stem not hitherto
called into play. This is the retarding device.
The triple in the retarded release position, although it has
opened the feed groove, has nevertheless traveled so far as to bring
the back of the piston in contact with the slide valve bushing, and
as these two surfaces are ground, an air-tight joint is made at once.
The feed groove supply is thus cut out. At the same time the
slide valve has been pushed over so far to the right that only a very
restricted extension of the exhaust cavity now registers with the
passage in the triple body leading to the atmosphere. The exhaust
of air from the brake cylinder is therefore rendered very slow
and gradual, while what we have called the secondary charging
route is open, and is the only entrance afforded for brake pipe pressure to reach the auxiliary reservoir. This secondary charging
route has half the area of the feed groove, so that the supply reaching the auxiliary reservoir is now about one-third of what it would
be in the full release and charging position.
The effect produced by this position of the triple valve parts

is to cause not only a retarded release, but also to restrict the flow
of air to the auxiliary. In consequence brake pipe air is enabled
to travel back more rapidly, and by the time it reaches the rear
portion of the train, it does not enter the rear triple valves with
sufficient pressure to force their pistons to the extreme right-hand
travel, so that the triple piston is not moved against the tension of
the retarding device spring, as it bad done at the front of the train,
and thus the full release position is assured. In this position, as
already explained, the exhaust from the brake cylinder is free, and
both feed groove and secondary charging route supply air to the
auxiliary. The result is that although the brakes at the front end
of the train begin to release and the front auxiliaries begin to
charge early, yet they take longer to complete their release and
charging than those at the rear, which, while beg-inning to act
later, are able to perform their operations more quickly.
The different action of the front and rear car triple valves as
described, if no further adjustment took place, would result in
the regular release of the rear car brakes much earlier than those
at the front, with the consequent undesirable drag of front end
brakes and loss of time, but the action of the front end triples provides for a quickened release when the rear auxiliaries have become partially charged. When the pressure in the auxiliaries at
the front becomes nearly as great as that in the brake pipe, the
retarding device spring pushes the triple piston to the left and
places the parts in the full release and charging position, and
what air was held in the brake cylinder by the retarded release is
exhausted and the auxiliary reservoir is charged through the feed
groove and the secondary charging route at the same time. The
net result is that practically a simultaneous release of brakes takes
place throughout the whole train, and what amounts to a uniform
recharge of all the auxiliary reservoirs is also brought about at
this same time. These conditions act beneficially upon old style
triple valves if mixed in the train.
The Emergency Position. The emergency position of the K
triple valve, Fig. 48, is the same as that assumed by the older
form Type H, with a sudden and large reduction of brake pipe
pressure. The fall of brake pipe pressure carries the triple piston
to its extreme left-hand travel, in which position it compresses the
graduating spring and the piston itself seats firmly against the gas-
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ket at the end of the triple cylinder in which it moves. The movement of the slide valve introduces auxiliary pressure to the emergency piston by a short direct port in the triple body, uncovered by
the slide valve, and this opens the emergency valve. The check is
lifted by brake pipe pressure, and brake pipe air is vented rapidly
into the brake cylinder. This movement also opens a direct port
from the auxiliary reservoir to the brake cylinder, which we have
called the emergency route. As soon as the brake pipe and brake
cylinder pressure equalize, the cheek and emergency valves close,
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so preventing the air thus supplied to the brake cylinder from
flowing back into the brake pipe. The areas of the ports and
passages, forming what we have called the emergency route from
the auxiliary to the brake cylinder, are of such a size that the
venting of brake pipe air into the brake cylinder is much more
rapid than the flow through the emergency route. This ensures
the rapid filling of the empty cylinder, the quick movement of the
brake cylinder piston over the leakage groove, and the flow of air
from the auxiliary reservoir now coming upon a brake cylinder
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already supplied with compretised air raises the pressure in the
brake cylinder and causes the pressure of equalization between auxiliary and brake cylinder to be about 10 pounds greater than that
produced by service applications. The sudden reduction of brake
pipe pressure by reason of the quick vent of air into the brake
cylinder causes the triple valve on the next car in rear to feel at
once the fall of pressure and to instantly respond. Each triple
valve acts as if it was in close proximity to the engineers' brake
valve, and the impulse by which the successive fall of brake pipe
pressure is produced traverses the entire length of the brake pipe
with marvelous rapidity.
Sound travels through air at the rate of about 1,120 feet a
second, and on a train of fifty cars the sound of the locomotive
whistle would be heard in the caboose in about II seconds after it
had been blown on the engine. So rapid is the transmission of the
quick-action impulse, which causes the full accomplishment of 50
similar but separate and distinct mechanical actions to take place
within the triple valves, that this impulse, passing through a pipe
more or less complicated with bends, turns, valves and hose, is yet
fairly comparable to the speed of sound. If at the instant that a
torpedo on the track was exploded by the engine the "emergency"
took place, the sound of the detonation would reach the caboose
only three-quarters of a second before the rearmost triple valve
had set the brake with the maximum retarding power of which the
mechanism is capable.
Positions of the Quick Action Freight Triple Valve, Type K.
There are six positions assumed by the Quick Action Freight
Triple Valve, Type K. The full release and charging position is
the one in which the air in the brake cylinder is quickly exhausted,
and the auxiliary reservoir is charged with air from the brake
pipe by way of the feed groove and the secondary charging route.
The quick service application blanks the brake cylinder exhaust,
cuts out both supply routes from brake pipe to auxiliary, allows
a restricted flow of auxiliary reservoir pressure to reach the brake
cylinder, and vents some air from the brake pipe to the brake
cylinder. The full service position produces the same conditions
with the exception that no brake pipe air is vented into the brake
cylinder, and a fully opened port conveys air in larger quantity
direct from the auxiliary reservoir to the brake cylinder. The
100
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lap position blanks all ports. The retarded release and charging,
retards the release of brakes by restricting the exhaust passage
and admits air to pass from the brake pipe to the auxiliary by
the secondary charging route only. The emergency position vents
a larger quantity of air from brake pipe to brake cylinder, opens
a larger port than when making service applications between auxiliary reservoir and brake cylinder, thus giving maximum brake
power in the shortest time, and causing the quirk action to successively operate on each car on the train from front to rear. The
time required for this impulse to travel the length of a 50-car train
being about 21 seconds.

per cent. of that amount, or 28,000 pounds, and each of its
wheels would on this assumption carry a weight of 3,500 pounds.
When this car was loaded up to its capacity, say 100,000 pounds,
the total weight of the car would for braking purposes amount to
128,000 pounds, or a wheel load of 16,000 pounds. It is manifest
that a brake shoe pressure designed not to skid the wheels of the
empty ear would fall very much below that which would skid
them, when fully loaded, and how far this is below the amount required to skid the wheels becomes apparent when we consider the
friction between shoe and wheel and between wheel and rail.
Static and Dynamic Friction. A car wheel standing upon a
rail has one point of contact with the rail: it is where tread and
rail-top touch. When the wheel is rolling along the rail the point
of contact, though constantly changing, is at every instant at rest
so far as the wheel and rail are concerned. The part of the wheel
tread resting on the rail for the moment is proved to be at rest
with reference to the rail, as it does not slide upon it, and the
friction which prevents the wheel from sliding along the Tail is not
the friction of motion, but the friction of rest, and thus between
wheel and rail there always exists what is called static friction.
A revolving wheel, therefore, cannot be stopped and slid along the
rail until the static friction is exceeded. For ordinary purposes
the co-efficient of static friction between wheel and rail may be
taken approximately at 0.2, or even 0.25, and, therefore, the unloaded car weighing as assumed 28,000 pounds, with its wheel
load of 3,500 pounds would develop a static friction of 700 pounds
for each wheel. If all the wheels were locked so that they could
not revolve, the car would resist sliding with a force of 5,600
pounds.
It was demonstrated in the Galton-Westinghouse tests that
the co-efficient of dynamic friction between shoe and wheel varies
with the speed, and is less at high speed than it is at low speed. At
60 miles an hour the co-efficient of dynamic friction was about
4.074, while at less than 5 miles an hour it came up to about
0.273. Referring again to the light car moving at 30 miles an
hour with a dynamic friction co-efficient of 0.166 and 3,500
pounds carried by each wheel, the retarding force of the brake on
the moving wheel would become 581 pounds per wheel, or 4,648
pounds for the whole car. The resistance to sliding due to static
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THE DOUBLE PRESSURE CONTROL, OR SCHEDULE U.
Westinghouse Rule for High Braking Power. The rule
adopted by the Westinghouse Air Brake Company, in order to obtain as high a brake power as possible without the liability of
wheel sliding, is to so proportion the brake riming as to bring
against the treads of all the wheels of any vehicle a total pressure
calculated on 70 per cent. of the light weight of the car for freight
service and 90 per cent. of the light weight for passenger service.
These percentages so used practically amount to this, that a
freight car weighing 40,000 pounds without load and braked on
both trucks is, for the purpose of the calculation, assumed to be 30
per cent. lighter than it really is, or 28,000 pounds. The reason
for this assumption is that some definite amount of brake
power had to be provided in designing brake rigging, which while
applicable to all nominally similar cars, yet allowed for the possibly large range of tare weights found in freight cars of the same
nominal weight. Taking 70 per cent. of the light weight, as if it
was the actual tare weight, was in principle similar to the introduction of the factor of safety into boiler or bridge design. The
90 per cent assumed in the case of passenger equipment, although
allowing a smaller margin, yet preserved a sufficiently high factor
of safety to guard against possible differences in actual and alleged weights, and it also took into account, and thus provided for,
the varying conditions of the rail in actual service.
Method of Designing Drakes. In designing brakes for a
40,000-pound freight car, it was treated as if it weighed only 70
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friction being 5,600 pounds for the whole car, the wheels would
have no tendency to slide along the rails when retarded by a total
dynamic friction of 4,618 pounds, and the margin existing between the two amounts at this speed to 1,052 pounds. At 60 miles
an hour the dynamic friction caused by the pressure of the shoe
on the rapidly revolving wheel amounts to 259 pounds on each
wheel, and the resistance to skidding, owing to the static friction
of wheel on rail being 700 pounds for each wheel, the margin in
favor of non-sliding is 441 pounds. The wide difference between
these two kinds of friction acting on the wheel when the car is
light or loaded is the fundamental reason for the introduction of
the system of double pressure control, and is a legitimate endeavor
to secure greater efficiency in brake service by reducing what may
he called waste of available brake power, on a heavily loaded car.
Special Use of the Double Pressure Control. The equipment
called the double pressure control is specially intended for a particular kind of railroad service where there is a more or less regular movement of empties in one direction and loads in the other.
Some roads are compelled to do a coal carrying business in this
way, and the double pressure control apparatus, which entails no
alteration of car equipment, is peculiarly suited to these conditions. Railroads operated over heavy grades can also use this
equipment with advantage.
Locomotive Equipment Under Schedule U. The double pressure control equipment, shown in Fig. 49, is practically that of the
high-speed brake already described, with but few modifications on
the locomotive. There is no change in freight car equipment.
Schedule U therefore applies entirely to locomotives. Safety
valves on the driver and tender brake cylinders take the place of
the reducing valves on the engine and tender, and plain triple
valves are also used. There is a reversing cock and a feed valve
pipe bracket. With this equipment there are two slide valve feed
valves connected with the reversing cock, and the feed valve pipe
bracket is an attachment added to the engineers' brake valve for
the purpose of readily connecting the reversing cock, with its two
feed valves, to the engineers' brake valve.
The two feed valves are exactly similar in construction and
operation, but one is adjusted to permit a brake pipe pressure of
70 pounds to be carried, with 90 pounds in the main reservoir, and
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the other feeds the brake pipe pressure up to 90 pounds, and retains 110 pounds in the main reservoir. The reversing cock affords
a ready means of cutting in one of these feed valves and at the
same time cutting out the other, according as high or low brake
pipe and auxiliary reservoir pressure is required.
In this way a train of loaded cars can be handled with a
brake pipe pressure of 90 pounds for use in descending heavy
grades or other service, by cutting in the high pressure feed valve,
and a similar train of empties can be handled with 70 pounds
brake pipe pressure when the low pressure feed valve is cut in.
The reversing cock is so made that one or other of the feed. valves
is always in service, as the act of cutting in the one cuts out the
other. The object of the safety valves which are placed on driver
and tender brake cylinders is to prevent the pressure in these
brake cylinders from rising higher than about 50 pounds. Ray
excess above this is rapidly blown away.
The relative effectie brake action, as shown when the high
pressure control is used, or when the low pressure control comes
into play, is very interesting. Assuming that the brake cylinders
on the cars are the usual diameter, and that the train is composed
of the normal 40,000-pound ears, with rated capacity of 100,000
pounds, we find that with 70 pounds auxiliary reservoir pressure
the brake cylinder pressure in emergency is 60 pounds, and it is
50 pounds when equalized with ordinary service applications.
The high pressure control which maintains an auxiliary reservoir
pressure of 90 pounds gives a 77-pound brake cylinder pressure
in emergency, and a pressure of 65 pounds when equalized in ordinary service stops. From these figures the fact may be deduced
that when the car is loaded to its full rated capacity the low pressure control gives a brake power of but 20 per cent. in emergency
of the theoretirally ptssible amount due to the weight carried on
the wheels, while the high pressure control increases the emergency
brake power up to 26 per cent.
Economy of Air with Double Control System. The double pressure control has the advantage of providing a greater brake power
on heavy, loaded trains than that on lighter trains composed of
empties, and in doing this the air pump is relieved of considerable
work in the latter case by being only compelled to provide, a lower
pressure for a train where the higher pressure would be unnec-

essary. There is also another economy of air which this equipment possesses in common with the high speed brake. The pump
governor is piped as in the ordinary equipment, and when the
handle of the engineers' brake valve is in the lap, service or
emergency positions, main reservoir pressure is prevented from
reaching the excess-pressure diaphragm of the pump governor.
In running position the excess pressure diaphragm of the pump
governor is acted upon by main reservoir pressure. When brakes
have been applied and the brake valve handle is on lap, main reservoir pressure is then pumped up to the maximum, and this high
main reservoir pressure ensures prompt release and quick recharge, and the pump has only to maintain this high pressure in
the main reservoir during the time that the brakes are applied.
When the high pressure control is used, a brake pipe reduction of
about 25 pounds is required to produce equalization between auxiliary reservoir and brake cylinder, otherwise the brake operates
in the same way as it does for the ordinary 70 and 90-pound brake
pipe and main reservoir pressures.
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NEW YORK AIR BRAKE EQUIPMENTS.
There are three important locomotive brake equipments manufactured by the New York Air Brake Company, known as the
B-1, 13-2 and 13-3 equipments. The 13-2 and 13-3 equipments are
practically the same as far as the work performed by them is
concerned. However, the 13-3 equipment has some structural improvements over the 13-2 equipment. The present features of
these two equipments, which are considered improvements over the
B-1 equipment, are the method of brake pipe pressure control, the
combination of the automatic and straight air brake features in
the one brake valve and the accelerator valve, which accelerates
the brake pipe reduction in service, thereby increasing the efficiency of the brakes on long trains by causing an application with
ordinary service reductions which could not be done with the older
equipments without making exceedingly heavy reductions. Since
the general operation of the three equipments is very similar,
'only the B-3 equipment will be described in detail.
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NEW YORK 3-3 LOCOMOTIVE EQUIPMENT.

Designation of Systems. The New York Air Brake Company's brake equipment, Schedule B-3, is so arranged as to cover
the requirements of four different kinds of service. The ordinary
form B-3, where a single brake pipe pressure is used, is designed
for freight or passenger engines, and automatic or straight air can
be used on the engine equipment as desired. The schedule known
as the B-3---S is for switching engines only, the letter S denoting
that fact. The I3-3-11P is for freight service where heavy trains
are handled on grades, generally where loads are taken down
grade and empties are hauled in the opposite direction. The letters IIP denote the ability to use the high pressure control. The
B-3—HS is the high speed equipment for passenger service, and
the terminal letters in the designation signify this form of brake.
The B-3 Brake. The B-3 schedule, as we have said, is intended for both passenger and freight service, and the piping
diagram, Fig. 50, shows the general arrangement in diagrammatic
form. There is only one brake pipe pressure used for the automatic brake, which is always on the train, and which may be used
if desired on the locomotive brake, which includes the tender, the
engine-truck and the driver brakes. When desired, the automatic
brake may be cut out on the locomotive and straight air substituted.
The independent brake valve has been done away with in this
equipment, and when straight air is used on the locomotive brake
the B-3 automatic and straight air engineers' brake valve, Fig. 51,
performs not only the functions of governing the brake pipe pressure for the train, but it also controls the supply of main reservoir
pressure, reduced to 40 pounds, which reaches the brake cylinders
of the locomotive equipment. In this respect the B-3 brake valve
can be made to perform its own proper functions, and it can in
addition take the place of the discarded independent brake valve
when required.
The B-3 equipment is provided with a single-head pump governor, which regulates the main reservoir pressure and also the
automatic starting and stopping of the pump. The N. Y. plain
triple valves are used on the engine and tender in connection with
the automatic system. On the pipe leading from the main reser-
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voir to the brake valve there is placed what is called the pressure
controller, which corresponds in function to the Westinghouse feed
valve, and is thus really part of the engineers' valve. The pressure controller is practically a pump governor and is interchangeable with it, being structurally similar, the only difference being
in its adjustment. The pump governor limits main reservoir pressure to 00 pounds, while the pressure controller prevents brake
pipe pressure rising higher than 70 pounds. In this way the
pump governor deals with main reservoir pressure exclusively,
and constantly maintains an even 90 pounds in that reservoir without reference to how it is used.
The pressure controller, if one may so say, acts as a sort of
filter which permits air from the main reservoir, at 70 pounds
only, to reach the engineers' valve and so to the brake pipe. The
pressure controller thus confines the excess pressure in the main
reservoir. When brakes are released there is no sudden rush of
high main reservoir pressure direct to the brake pipe, as in the
Westinghouse system, but there is a steady and copious flow of
air through the controller at 70 pounds pressure, which is steadily
maintained by the fact that there is an excess of 20 pounds stored
in the main reservoir. In this way the main reservoir stands
ready, like the reserve fund in a bank, to meet any sudden demand which may arise by reason of the release of brakes on a
long train, and the pressure controller, like the paying teller, delivers the required amount in the allotted time, always backed up
by the main reservoir excess. The object of this arrangement is to
eliminate the chance of overcharging the auxiliary reservoirs and
the possible re-application of brakes at the front end of the train,
if the forward auxiliaries had become overcharged.
Straight Air on the Locomotive. When it is desired to use the
Araight air on the engine and tender, the double check valve automatically cuts out the plain triple valves, and what is called the
straight air pipe in this equipment is brought into use. This
pipe leads from what we may call the straight air portion of the
engineers' brake valve direct to the locomotive brake cylinders.
The engineers' brake valve, as we have intimated, performs the
functions of the independent brake valve as well as its own, and a
branch of the main reservoir pipe leads to that portion of the engineers' brake valve which is concerned in straight air operation.

On this pipe there is a second but smaller pressure controller,
called the straight air controller, similar to the pump governor,
and this valve reduces main reservoir pressure flowing through it
to 40 pounds, so that only that pressure can reach the locomotive
brake cylinders when the plain triple valves have been cut out and
the straight air brake is operative. The pipe leading from the
straight air portion of the brake valve direct to the locomotive
brake cylinders is, as we have said, the straight air pipe, and on
this pipe, within easy reach of the engineer, is placed what is
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called the lever safety valve. The use of the lever safety valve
is to enable the engineer to graduate off, or fully release, the locomotive brakes while holding the train brakes applied, and its
operation does not affect the engineers' brake valve, which, under
these conditions, would be in the lap position. The lever safety
valve will be described later.
The Accelerator Valve and the Divided Reservoir. The device
known as the Accelerator Valve, Fig. 52, is used with this equipment, and, as its name implies, it is intended to assist or accelerate
the discharge of brake pipe air when a service reduction is made
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on a long train. The divided reservoir, as shown in Fig. 54, is
simply the ordinary supplementary reservoir for the brake valve
with a larger chamber cast integral with it, there being no communication between them. The union of the two reservoirs in one
casting is for the sake of economy of space. The accelerator valve
k attached to the larger chamber of the divided reservoir. When
a brake pipe reduction is made for a service application, air is
exhausted from the brake pipe through the engineers' valve to

tion of the slide valve port with the triangular exhaust permits
air from the brake pipe which surrounds the accelerator slide valve
to escape to the atmosphere. The triangular shape of the exhaust,
with point uppermost, affords a restricted passage at first and a
rapid exhaust later. The depression of the accelerator piston,
while securing a rapid discharge of brake pipe air, also at once begins the gradual reduction of air in the accelerator chamber, so that
the accelerator valve can only operate for a limited time. A pressure of from 10 to 12 pounds in the accelerator chamber is required to cause the accelerator to act, and as soon as the automatic
closure of escaping air from the engineers' brake valve takes place,
the supply to the accelerator also stops, and about 4 seconds is
then required for the accelerator reservoir pressure to escape, and
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the atmosphere in the usual way, but in addition to this-some of
the brake pipe air is permitted to flow to the large or accelerator
chamber of the divided reservoir. The accelerator valve contains
a piston, as shown in section in Fig. 52, with a slide valve on its
stem, and also a leather gasket on the same stem. Brake pipe air
reaching the accelerator chamber, which is empty, requires about
four seconds to accumulate pressure enough to move the accelerator
piston down, and so carry its slide valve with it, to such a position
that the port in the valve may register with It triangular port in the
body of the valve leading to the atmosphere. ( Fig 53.) The registra-
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so permit the accelerator piston, aided by a coil spring, to slowly
rise and gradually close off the flow of air from the brake pipe to
the atmosphere. There is a small port through the accelerator
piston communicating with the chamber below it, so that even
after the accelerator valve has ceased to act the accelerator chamber
pressure escapes to the atmosphere, and the accelerator chamber remains at al/ times empty until filled by the flow of air from the
brake valve during a service application.
The accelerator valve, as its name implies, accelerates the discharge of air in a service application, but the reductions of brake
pipe pressure are not on this account any greater than with former
types of N. Y. engineers' valves. The accelerator acts automatically and only responds to reductions made for trains longer than

about eight cars. In alI brake pipe reductions there is a certain
amount of back flow of air from the auxiliary reservoirs through
the feed grooves of the triple valves to the brake pipe, and from the
brake cylinders to the atmosphere through the leakage grooves.
The accumulated effect of this back flow and leakage causes the
brake pipe pressure reduction to be somewhat. slow for a long train,
and it is in such cases that the accelerator valve performs its work.
The action of the accelerator causes a much larger volume of brake
pipe air to be discharged to the atmosphere than could flow out
from the engineers' brake valve in the same time. It is obvious
that in a short train, where the total back flow of air is comparatively small, the reduction of brake pipe air is more easily accomplished, and even although a certain amount of air is fed into the
empty accelerator chamber, it has not time to accumulate sufficient
pressure to operate the accelerator before the engineers' brake
valve is lapped and the flow to the accelerator chamber is stopped.
The air which did find its way to the accelerator chamber is
quietly exhausted to the atmosphere, leaving the accelerator chamber empty as before and ready for a further supply of air when
occasion demands. In this way the accelerator acts, one might
almost say, with discrimination according to the length of the
train and the amount of the brake pipe reduction made. It stays
open longer with a long train than it does with a short one, and
does not act at all when the engineers' brake valve is competent to
make the required brake pipe reduction in the required time.
Schedule B-3—S. The B-3—S equipment of the New York
Air Brake Company, shown in Fig. 55, is intended for use only
on switching engines. The automatic brake can be used on locomotive and train, or the automatic brake may be used on the train
and straight air on the locomotive if required. A single pump
governor and a single pressure controller are used. The controller
is adjusted so as to give 70 pounds brake pipe pressure, and the
pump governor gives 90 pounds main reservoir pressure for ordinary switching operations. The lever safety valve is provided for
the purpose of graduating off or releasing the locomotive brake
while holding the train brake applied. The accelerator valve and
the divided reservoir are not used in this equipment, but the supplementary reservoir for the engineers' brake valve, which is part
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Of the regular equipment, known as Schedule B, is used in place

quick release valve on its way to the driver brake cylinders.
When an automatic or straight air application has been made, air
flowing to the brake cylinders enters above a piston in the quick
release valve, Fig. 56, and pushes it down. The body of the quick
release valve fits the piston closely when the piston is in its uppermost, or normal position, but is of greater diameter than the piston
below it. A slight depression of the quick release piston brings it
down into the wider portion of the valve-body, and air then flows
readily past the piston and reaches the driver brake cylinders.
The depression of the piston compresses a small coil spring, and
at the same time the piston bottoms on the collar of an exhaust
valve below it and holds this exhaust valve tightly to its seat. Air
therefore passes in full volume from the plain triple valve to the
driver brake cylinders.
As soon as the engineers' brake valve has been placed in the
release position, air from the driver brake cylinders flows back
through the pipes by which it entered them, and encounters the
quick release valve. The piston, which was formerly depressed by
the flow of air toward the driver brake cylinders, is now raised by
the back flow from the driver brake cylinders, and the piston fits
closely again into the restricted portion of the valve-body, and
the upward movement of the piston carries up with it the exhaust
valve below it, and a large opening to the atmosphere is at once
provided through which driver brake cylinder air rapidly exhausts.
When the cylinders are empty the tension of the coil spring under
the quick release piston closes the exhaust valve, and the quick
release device is ready for a second application.
The position of the quick release valve just described is such
that the driver brakes are rapidly released, whether an automatic
or straight air application has been made. If, however, it is desired to hasten the release of the straight air brake on the engine
and tender and leave the release of the automatic brake normal
when used, the position of the quick release valve may be altered
in the shop. The new position of the quick release valve, while
still on the straight air pipe, is now between the double cheek
valve, Fig. 57, and the engineers' brake valve. When using the
automatic brake an the locomotive, brake cylinder release will be
normal, and in this new position the quick release valve will be
inoperative; but when the straight air brake is used on the loca1 01
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of the divided reservoir.
Provision is made in the 8-3--S schedule for switching passenger trains using high brake pipe pressure. This is effected by
adjusting the pump governor to give 110 pounds main reservoir
pressure, and a stop cock No. 2 between the regulating and supply portions of the controller is closed, so that main reservoir pressure can flow without. interruption and without reduction to the
engineers' brake valve and from it to the brake pipe. The closing
of this cock simply cuts out the pressure controller, and therefore
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trains using the high speed brake can be handled without the alteration of any part of the equipment. A quick release valve is
placed on the straight air pipe, which causes a rapid release of
brakes on the locomotive, whether the automatic or straight air
brake be used. This quick release valve facilitates switching
movements and so saves time.
The Quick Release Valve. The quick release valve is placed
on the straight air pipe, and is connected with the pipe leading to
the double check and to the driver brake cylinders. Air passing
from the plain triple valve, used in this equipment, enters the
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motive, the driver and tender brakes will secure the benefit of the
quick release. See diagram, Fig. 55.
The High Pressure Control B-3—HP Schedule. The high pressure control of the -New York air brake system, Fig. 58, is intended for use in heavy freight service where large loaded trains
are handled on grades, or where loads are taken down steep inclines
and empty cars are hauled in the opposite direction. In this, the
B-3—HP schedule, the terminal letters indicate the words "highpressure." With this arrangement the pump governor and the

loaded cars, would be far too high for the locomotive whose working weight is practically constant. But where the automatic brake
is used the safety valves on the engine and tender, blow the brake
cylinder pressure down to the pressure for which the safety valves
are set. In this case the straight air brake is used on the locomotive, and the straight air controller limits the brake cylinder
pressure to 40 pounds. When the low-pressure control is used on
a train composed principally of empties, the automatic brake can
be worked on the locomotive by cutting out the straight air. This
is done by closing rut-out cock No. 3 in the straight air pipe below the engineers' brake valve. See Fig. 5S.
Pump Governor and Pressure Controller. The pump governor
and the pressure controller are one and the same mechanism,
though applied to separate uses and differently adjusted, and the
description of one covers both. The straight air controller is a
similar, though in part smaller, piece of mechanism, and is adjusted for its own particular service of restricting the straight air
brake cylinder pressure to 40 pounds to the square inch. The
pump governor or pressure controller consists of two parts, the
regulating heads and the supply bases. The heads of the pump
governor, the pressure controller and the straight air controller of
this equipment are all alike in make and size. The supply
portions of the pump governor and pressure controller are also
alike in make and size, but the straight air controller is made for
a finch pipe, while the others are used on li-inch pipes. The
controller is made with beads in two styles, single or duplex, to
meet the requirements of the different schedules. The single head
controllers go with the schedules previously described, but on the
13-3—HP schedule, which we are now considering, the duplex
heads are used on the pump governor and the pressure controller.
Fig. 59 is a sectional view of the duplex pressure controller or of
the pump governor head. Fig. 60 is a sectional view of the base,
and Fig. 61 is a section of the single bead.
Referring to the piping diagram, Fig. 58, of the high pressure control, Schedule 13-3—HP, it will be seen that the duplex
head of the pump governor is connected to the pipe leading to the
duplex air gauge, and main reservoir pressure reaches the heads.
On the connecting pipe a three-way cock is placed so that either
one of the heads is put in communication with the main reservoir,
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DOUBLE CHECK VALVE, NEW YORK AIR BRAKE.
pressure controller have each duplex heads so that main reservoir
pressures of 90 or 110 pounds may be carried, and brake pipe
pressures of 70 or 90 pounds may be had as desired. The
B-3—HP brake apparatus permits the use of the automatic or the
straight air brake on the locomotive equipment. When the higher
brake pipe pressure is used on the train, it is, of course, not always
intended that the automatic brake be operative on the locomotive
brake cylinders, for the reason that the maximum brake pipe and
auxiliary reservoir pressure, used most satisfactorily on heavily
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and the one cut in becomes operative, while the other head is cut
out. The two heads are structurally and functionally alike. The
low-pressure head ig adjusted by the tension of the coil spring itT
the head to give a main reservoir pressure of 90 pounds, and the
high pressure head is adjusted in a similar manner to give 110
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main reservoir pressure. The three-way cock cuts in one
head and cuts out the other, so that only one head can be operative
at a time; and the main reservoir pressure and the stopping and
starting of the puMp is then exclusively under control of the head,
which for the time being may be cut in.
The pressure controller similarly limits the brake pipe pressure, and the three-way cock in its head connection cuts in or out
poutidA
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the high or low brake pipe pressure head, and so limits brake pipe
pressure to 70 pounds, or maintains it at 90 pounds, according to
whether the high or low pressure control is in use on the train.
If by mistake the high-pressure pump governor head should be cut
in at the same time that the low pressure controller head was operative, the discrepancy would at once appear on the duplex gauge
showing an abnormal excess pressure in the main reservoir of 40
pounds. This would not prevent brake operation, as brake pipe
pressure can never rise higher than that for which the operative
head of the controller is set. The pump, however, would be compelled to work uselessly in maintaining a higher main reservoir
pressure than required. An intelligent glance at the duplex gauge
would at once lead to the necessary correction.
An explanation of the operation of the pressure controller
will suffice for that of the pump governor. The two heads of the
pressure controller are alike, but with differently adjusted springs.
Air from the brake pipe enters, let us say, the low pressure head,
and reaches the chamber below the spring. Here a diaphragm is
tightly seated on the port opening into the passageway to the supply base. As soon as the pressure in the chamber below the
diaphragm and spring is great enough to overcome the tension of
the spring, the diaphragm is raised and uncovers the port it. had
previously sealed. Brake pipe air then flows to the horizontal passage below and down to the supply portion or base of the controller. Brake pipe air also reaches the -underside of the high
pressure diaphragm, but is unable to raise it en account of the
greater tension of the spring above. Brake pipe pressure of 70
pounds only is thus able to reach the supply portion of the controlle•.
When the high pressure head is cut in and the low pressure
head cut out, air accumulates in the brake pipe up to 90 pounds
pressure, which is the amount required to raise the high pressure
diaphragm and compress the spring above it. Brake pipe pressure
at 90 pounds is thus able to reach the supply portion of the controller. Air at 90 pounds, however, flows along the horizontal
passage connecting the heads and up the small passage leading to
the center of the low pressure diaphragm, and although it may
slightly raise the low pressure diaphragm and leak into the connecting pipe, it is prevented from traveling beyond the three-way

cock by which the low pressure head is cut out. The operation of
the two heads is thus apparent. Brake pipe pressure at 70 pounds
or at 90 pounds is permitted to reach the supply portion of the
controller according to whether the low or the high pressure head
is cut in. In the vertical passages leading to the supply portion of
the controller, below the diaphragms, there are two small ports
connected with the atmosphere, and air above the piston of the
supply portion of the controller can slowly but constantly escape.
As both of these small ports perform the same function, one of
them may be plugged when the duplex head is used. As soon as
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Fig. 60.
SECTION
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the operative diaphragm seats and closes oil brake pipe air from
the supply base, the air held above the supply piston escapes to the
atmosphere and removes the pressure on the top of the supply
piston.
The Supply Portion of the Controller. The base or supply portion of the pressure controller, Fig. GO, consists of a passageway
leading from the main reservoir to the engineers' brake valve, and
in this passage is a valve which closes or opens the through passage. This valve is seated or unseated by the motion of a piston
above it to which it is attached. Main reservoir pressure reaches
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the underside of the valve and tends to raise it and pass to the
engineers' brake valve. The supply valve is, however, held to its
seat by brake pipe pressure of 70 or 90 pounds above it, introduced by the action of one or other of the duplex heads. If the
low-pressure head is operative, and 70 pounds pressure reaches

leases the air above the supply piston, and the main reservoir pressure raises the supply valve and flows to the brake pipe. The
building up of brake pipe pressure to the required amount again
operates to raise the regulating diaphragm, and air is again introduced above the supply piston with the result that it moves downward and closes the supply valve. The chamber below the supply
piston and above the supply valve is open to the atmosphere, so
that the supply piston can move freely and also discharge any air
that may leak past the supply piston from above. In connection
with the supply portion of the controller there is a hand wheel
provided, with stem projecting up below the valve in the through
passage. By screwing the wheel up, its stem will lift the valve off
its seat and allow free passage of air from main reservoir to brake
valve. This hand wheel can be used if any defect of the valve
should develop, or in case its action becomes slow or uncertain.
The valve, when held off its seat by the stem of the hand wheel,
renders the controller inoperative and main reservoir pressure
reaches the engineers' brake valve.
The New York High Speed Brake. The schedule which comprises the New York High Speed Brake is 13-3—HS, Fig. 62.
The terminal letters indicate the high speed feature. This equipment, like the one previously described, is such that the straight
air brake can be used on the locomotive. There are, in this equipment, the duplex pressure controller and the duplex pump governor. The regulating heads of the pressure controller are set for
70 and 110 pounds respectively, so that either the ordinary automatic brake or the high speed brake may be used. The pump governor heads are adjusted for 90 and 130 pounds respectively. The
pump governor connection is supplied with a three-way cock, as in
the previously described high pressure control brake. There is,
however, a four-way cock placed in the pipes leading to the regulating heads of the pressure controller. This is a specially designed cock, with a connection leading to each head. One of these
connections goes to the supply pipe between the controller and the
brake valve, and the other to the pipe between the controller and
the reservoir of the accelerating valve. One of the functions of
this four-way cock is that when its handle is in the position to
operate the regulating head, adjusted to 110 pounds brake pipe
pressure, a small port in the accelerator reservoir connecting pipe
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the supply piston, the area of which is greater than that of the
valve, the valve is held to its seat, and the supply of air from main
reservoir to brake pipe is limited to that amount. As soon as
brake pipe pressure sinks below 70 pounds, its effect is felt at
once in the regulating head, and the regulating diaphragm closes
off the air reaching the supply piston. The small exhaust port to
the atmosphere in the vertical passage below the diaphragm re-

1587

1588

AIR BRAKES.

AIR BRAKES.

1589

is opened to the atmosphere. This opening prevents more than
the usual predetermined reduction of brake pipe pressure, which
is obtained with the graduating notches on the engineers' brake
valve, from taking place when the 110 pound brake pipe pressure
is used in high speed work.
The lever Safety Valve. On all the other brake equipments
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Fig. 64.

SECTION OF LEVER
SAFETY VALVE.

SECTION OF than SPEED CONTROLLER,
NEW YORK AIR BRAKE.

of the New York Air Brake Company the lever safety valve is
used on the straight air pipe for the purpose of separately graduating off or releasing straight air on the locomotive brake while the
automatic brake remained set. It may not inappropriately be described here. The lever safety valve, as shown in Fig. 63, consists
simply of an ordinary butterfly valve held to its seat with a coil
spring above it and an adjusting nut and cap on top. The spring
is adjusted to hold a pressure of 53 pounds, so that whether used
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alone or with the high speed brake, the locomotive brake cylinders
will always he relieved if the pressure in them should rise above
that amount. The valve is provided with a collar under which,
and above the top of the valve, is inserted the short end of a small
hand lever. The depression of the handle-end of this lever compresses the spring above and raises the safety valve of its seat,
and so discharges air from the brake cylinders to the atmosphere.
The valve can only be kept open so long as the lever is in the hand
of the engineer, and any degree of opening may be secured by him
at will. The valve will promptly seat, by reason of the pressure
of the coil spring above it, as soon as the hand is removed from the
lever. If, however, locomotive brake cylinder pressure rises above
53 pounds from any cause, the safety valve will open and automatically relieve the overpressure in the brake cylinders.
The High Speed Controller. This device is used with the
high speed brake, and takes the place of the lever safety valve on
the straight air pipe on the locomotive equipment B-3--HS, which
we are considering. It is also used on the brake cylinders of the
car equipment in high speed service, and, being set to 53 pounds,
blows down all brake cylinder pressure to that amount. The high
speed controller, shown in Fig, 64, is simply the lever safety
valve mounted on a base which contains a horizontally moving piston and plug valve. On the locomotive this lower portion or base
is connected with the straight air pipe leading from the brake cylinders at one side and with the brake pipe at the other. The valve
itself is a horizontal solid plug, fitting in a cylindrical chamber below the safety valve. The plug valve is on the stem of a piston
which is constantly acted on by brake pipe pressure. This pressure keeps the piston and plug valve at their extreme left-hand
position, and a slight reduction of brake pipe pressure is not sufficient to move the piston and valve, as the piston fits tightly in its
chamber. The plug valve has two grooves cut round its circumference. One of them is quite large and the other is quite small.
During ordinary service applications the large groove remains immediately under the passage up to the safety valve. This is the
normal position when piston and plug valve are at their extreme
left-band position. When the parts are so arranged, air from the
brake cylinders, on cars and locomotives, has full and free access to the safety valve, and any pressure above that for which

the safety valve is set, viz. : 53 pounds in the brake cylinders, is
rapidly blown away. This constitutes the brake cylinder reduction for ordinary high speed service stops.
When a high speed emergency application is made, the fall
of brake pipe pressure is rapid and heavy, and under these circumstances the brake cylinder pressure, acting on the plug-valve
piston, and on the side remote from the brake pipe pressure,
easily carries the piston and plug-valve over to their extreme righthand position. When this takes place, the small annular groove
in the plug valve is brought in place below the safety valve, and
consequently only a restricted opening is afforded for the escape
of the high brake cylinder pressure to the safety valve. This delays the blowing away of brake cylinder pressure and lengthens the
period of time in which the high brake cylinder pressure, produced
by an emergency application, acts in retarding the motion of the
train. When the pressure in the brake cylinders sinks to 53
pounds, the safety valve closes and holds that pressure in the brake
cylinders until brakes are released. When release occurs, piston
and plug-valve are forced by brake pipe pressure to assume their
usual extreme left-hand position with the large annular groove in
the plug valve immediately below the safety valve.
The New York Duplex Air Pump. The New York duplex air
compressor is practically two pumps placed side by side, as shown
in Fig. 65. The air cylinders are on top and the steam cylinders
are below. This arrangement is intended to prevent any of the
water of condensation being carried on the piston rods from the
steam to the air cylinders. The air compressor may be described
as simple, as far as the two steam scylinders are concerned, and
compound with reference to the air cylinders. The steam cylinders are placed side by side and are of the same size. Each has
an independent valve gear, and each takes steam direct from the
boiler.
The Valve Gear. The valve gear of one is operated by the
movement of the piston of the other, in a manner somewhat similar to the well-known Worthington Steam Pump, and, like the
Worthington Pump, the piston of one is at rest while the other
is moving. The valve gear is very' simple in design, and consists
in each case of a plain slide valve which works in a steam chest
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and is operated by a valve stcni which extends into the hollow piston rod of the steam cylinder.
The Cylinder Sizes. The pumps most commonly used on locomotives are the No. 5 and the No. 6. The steam cylinders of the
No. 5 pump are 8 x 12 inches, with air cylinders S and 12 x
inches. This pump, when operated under 200 pounds steam

air per minute. The No. 6 special has steam cylinders 9 x 10

inches, air cylinders 5 and 9 x 10 inches, and, operating under
115 pounds steam pressure and against an air pressure of 230
pounds, delivers 33 cubic feet of free air per minute. The two
special pumps, when working against the exceedingly high air
pressures just quoted, should not be kept constantly in operation
for a longer period than 15 minutes, without giving the air cylinders a chance to cool.
The Air Cylinders. The pistons of the air cylinders are double-acting; that is, they compress air on both the up and down
stroke. Both cylinders are filled with free air after each stroke.
The high pressure piston remains at rest until the contents
of the large low-pressure air cylinder have been compressed
into the high-pressure cylinder, and on the next stroke of the
high-pressure piston this partly compressed air is further compressed and forced into the main reservoir. In this way three
measures of air are compressed by the use of two measures of
steam, and an economy of steam is of course the result. The air
valves are simple checks and seat by gravity. These pumps, like
all other direct acting air compressors, should be started slowly,
not only on account of the condensation which necessarily takes
place in the steam cylinders, but because, before there is sufficient
air compressed to act as a cushion for the pistons, if they are
driven with force by full steam pressure, they are apt to pound
against the pump heads and possibly break or do damage.
The action of these pumps when properly operated is very
regular, one might almost say rhythmical. The steam piston of
the left-hand pump rises first and drives up the large low-pressure air piston above it. Air is drawn in below this piston and
is ready to be compressed on the next stroke. Just as the upward
stroke is nearly completed, the button on the top of the valve rod
engages with the tappet plate on the underside of the piston and
carries the valve rod up, and with it the slide valve, which feeds
steam to the other steam piston. This piston now rises, driving
up the small high-pressure air piston which forces the partly compressed air from the low-pressure cylinder into the main reservoir.
While this is taking place, the pistons on the low-pressure side are
standing still, and the concluding motion of the right-hand steam
piston moves the slide valve governing the flow of steam to the
-

Fig. 65.
SECTION or No. 6 DUPLEX AIR PUNIP, NEW YORK AIR BRAKE.

pressure and against an air pressure of 90 pounds, delivers 129
cubic feet of free air per minute. No. 6 pump, with steam eyljailers 7 x 10 jingles, and air cylinders 7 and 11 x 10 inches, operating with 200 pounds steam against an air pressure of 90 pounds,
delivers 84 cubic feet of free air per minute. The special No. 5
has steam cylinders 10 x 12 inches, and air cylinders S and
12 x 12 inches, operating under 100 pounds steam pressure
against 150 pounds air pressure; it delivers 28 cubic feet of free
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first cylinder, and the first steam piston makes its down stroke,
while the second piston stands still. The concluding portion of
the first piston's down stroke operates the slide valve governing
steam admission to the second cylinder, and the second piston begins its down stroke. The cycles are regularly repeated and
air compression is continuous. Steam entering either cylinder
does work in that cylinder, and is then exhausted direct to the
atmosphere through the exhaust pipe leading to the smoke box;
but air entering the first or large low-pressure air cylinder is compressed into the second and smaller high-pressure air cylinder, and
from that it passes to the main reservoir. When the high-pressure
air piston is driving the air into the main reservoir, which had
previously been partly compressed by the large low-pressure piston,
free air from outside is able to follow the high-pressure piston, so
that at the end of the stroke the high-pressure cylinder is filled
with air at ordinary atmospheric pressure. This air cannot now
escape, and it is into this cylinder that the low-pressure piston
forces the contents of the large low-pressure cylinder. There are
thus the contents of the low-pressure and the high-pressure cylinders forced to occupy the volume of the high-pressure cylinder,
after the low-pressure piston has completed its stroke, and the following up of the high-pressure piston by free air from outside
not only facilitates the movement of the high-pressure piston by
not causing any vacuum behind it, but it entraps a cylinder full
of free air and holds it ready for compression. The steam portion
of each pump is simple, but the air compressing portion thus
forms a two-stage compressor with economy of steam and a large
air capacity.
The New York B-4 Equipment. The New York Air Brake
Company are contemplating a modification of the various schedules which have been described under the general name of the
B-3 equipment. The new schedules when they appear will be
designated as the 13-4 equipment. Among the improvements which
will be brought out on the locomotive is a valve analogous in function to the Westinghouse distributing valve, which will replace
the plain triple valves used on the engine and tender.
The general tendency to-day, especially in freight service, is
to increase the length of the train, and the old-time maximum 50car train has in many cases been replaced by the 75-car train, and

even a larger number of ears are hauled at once. Passenger trains
have also increased in size and weight, and these modern condi-
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tions have demanded recognition. On long freight trains, by
which we mean an aggregation of 75 cars and upwards, when a
brake pipe reduction is made, the back flow of air out of the auxiliary reservoirs to the brake pipe through the feed groove, while
the triple piston is beginning to move, together with the escape of
air through the leakage groove in the brake cylinder as the brake
cylinder piston is beginning its stroke, though each may be small
on the individual car, are cumulative in their effect. With slow
brake pipe reduction on a long train, they result in a considerable
loss of compressed air. Comparatively slow brake pipe pressure
reduction is necessary to prevent the brakes setting on the forward
part of a train, and the consequent running in of the slack of
the train.
The release of brakes on a long freight train has a tendency
to manifest itself sooner on the forward ears than on those in the
rear, with the result that the slack of the train runs out with possibly severe strains on the draw gear. There is also the danger
of overcharging the auxiliary reservoirs at the front part of the
train, when the engineers' brake valve has been moved to the release position. This overcharging of the forward auxiliaries,
when it takes place, generally results in a reapplication of the
forward brakes by reason of the drawing away from them of
brake pipe air, consumed in charging the rear auxiliary reservoirs.
These irregularities in brake application and release are more
strongly marked in long trains than they are in short ones, and
in order to provide for these contingencies the newer forms of
freight and passenger train equipment will embody features intended to correct them. One of the improvements will be the introduction of the quick action principle into service applications,
which, while not so powerful as that obtained in the emergency,
will nevertheless rapidly transmit a brake pipe reduction to the
last car on a long train.
A slower release of brakes on the forward cars will also be a
feature of the new triple valves. This will be automatically produced, while those on the rear cars will be normal in their action.
A restricted and consequently slower charging of the forward auxiliary reservoirs will be automatically provided, while the aux-
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Mary reservoirs at the rear of the train will be supplied in the
usual way. This will produce a more equal release and recharge
throughout the entire train.

The Nine and one-half inch and the Eleven inch pumps have
practically become standard for ordinary railroad work, for the
reason that the large number of air braked cars now in use require
a pump of ample capacity, and in descending grades where the
•onsumption of air is necessarily heavy the Eleven - inch pump is
hie to quickly recharge the auxiliary reservoirs.
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STEAM-DRIVEN MR COMPRESSORS.
The earliest form of air compressors used in connection with
the air brake was a steam-driven pump with 6-inch cylinder actuating the piston of a similar air cylinder, over which it was placed.
The cylinders were arranged in tandem, and the pump was doubleacting; that is, steam followed the piston in the upper cylinder on
its downward and its upward stroke, and the air piston drew free
air into the end of the air cylinder from which it was moving, and
compressed the air in the end toward which it was moving. This
was accomplished by the arrangement of four check valves, two
placed at the entrance and two at the exit provided for the air.
The movement of the steam cylinder valve was accomplished by a
simple piece of mechanism, which was made to move at the end
of each stroke.
Westinghouse Single-stage Air Compressors. The standa rd
sizes of Westinghouse single-stage air compressors are the "Eightinch pump," having steam cylinder 8 inches in diameter, and air
cylinder 7i inches diameter by 10 inches stroke.. The "Nine and
one-half inch pump," shown in Fig. 66, has cylinders 9. x 10
inches. The "Eleven-inch pump" has cylinders 11 x 12 inches.
These three types of air compressors, supplied by a one-inch steam
pipe, and working respectively at 120, 110 and 100 single strokes
a minute, have an actual capacity of free air, against a pressure of
100 pounds, of 20, 28 and 45 cubic feet per minute. There is
another way of rating the capacity of these pumps, and that is
the time occupied in compressing air to a given pressure. For
instance, the eight-inch pump, operating under a steam pressure of
140 pounds, will compress air from zero on the gauge, which is
14.7 pounds absolute, to 70 pounds gauge pressure in a main reservoir 261 inches diameter by 34 inches long, in 68 seconds, and
from 20 to 70 pounds in 50 seconds. The reservoir of the size
given has a volume of 81 cubic feet. The nine and one-half inch
pump, working under the same steam pressure and pumping into
the same reservoir, can compress air from zero on the gauge to 70
pounds in 3R ser.onds, and from 20 to 70 pounds hi 27 seconds.
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Pump Valve Gear. The valve gear of the Westinghouse Air
Pump is an interesting piece of mechanism. That of the Eight
inch pump is not quite so simple as that now used on the Nine
and one-half inch pump, and also on the Eleven inch pump, and in
describing the pump valve mechanism, the Nine and one-half inch
pump will be considered. Fig. 67 is a diagrammatic view of this
pump. With the exception of the reversing rod, which extends
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down into the steam cylinder piston rod, the whole of the valve
gear is contained in the steam cylinder head. In this head are
two slide valves, one moving vertically and called the reversing
valve, and the other moving horizontally and called the main
valve.

its upward stroke, a shoulder on the reversing valve rod is struck
by the reversing plate on the steam piston rod. The last part of
this upward stroke therefore carries the reversing valve rod up,
and the reversing valve is made to travel up also. By so doing the
reversing valve uncovers the port leading to the main valve chamber. The action of the steam so admitted to the main valve
chamber will be explained later.
When the steam piston begins its downward stroke, it leaves
the reversing valve and rod in the position just referred to, but
when the steam piston is completing its downward stroke, a button
on the lower end of the reversing valve rod comes in contact with a
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flat plate, called the reversing valve plate, bolted to the upper side

Fig. 67.
DIAGRAMMATIC VIEW OF 94-INCH AIR PUMP, UP STROKE.
The reversing valve is in a small chamber, surrounded by
steam, and it opens and closes three ports. One of these supplies
steam for operating the main valve, and the other two are exhaust passages. The reversing valve is actuated by the movement
of the reversing valve rod. This rod passes down through the top
cylinder head and into the hollow piston rod of the pump. When
the piston of the steam cylinder rises, and just as it is completing

of the steam piston. This draws the reversing valve rod down and
carries with it the reversing valve. This valve is uow at its lowest
point of travel and closes the port feeding live steam to the main
valve chamber, and at the same time the cavity in the reversing
slide valve connects the exhaust passage from the main valve chamber with a passage leading to the atmosphere. The function of the
reversing valve is therefore to supply and exhaust steam to and
from the main valve chamber.
The main valve is an ordinary slide valve moving horizontally and supplying and exhausting steam to and from the steam
cylinder, in a manner similar to the slide valve of a locomotive.
The main slide valve is in a chamber filled with steam direct from
the locomotive boiler, and the valve is carried upon a piston-rod or
stem which terminates in a piston at each end. The diameter of
these two pistons is not equal, and the steam in the main valve
chamber acts on the inside face of each. The pressure of steam on
the larger piston tends to urge it to the right, and this is only
partly counteracted by steam pressure on the inside face of the
smaller piston. The greater area of the larger piston enables it
to overcome the pull of the smaller piston to the left, and the net
result is that the large and small pistons, with their connecting
stem or rod, carrying the main valve, all move to the right, and
the main piston uncovers the live steam port leading to the bottom of the steam cylinder, and the steam piston is forced to begin
its upward stroke.
When the up stroke of the steam piston is completed, the reversing valve has been carried up and steam now flows from the
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reversing valve chamber to the main valve chamber through a
small passage leading to the outside of the larger main valve piston. Steam therefore acts on the outside and inside faces of the
larger main valve piston at the same time, and as the pressures are
equal the larger piston, immersed in live steam, has no tendency to
move owing to these pressures. Steam pressure is, however, acting
on the inside face of the smaller piston, and this being unbalanced
by any pressure on its outer face, the whole mechanism moves to
the left, main valve, rod and the larger and smaller pistons all
together. The left-hand movement of the main valve uncovers a
port leading to the upper end of the steam cylinder. At the same
time the cavity in the main valve connects the port leading from
the lower end of the steam cylinder to the atmosphere. Steam is
thus introduced above the steam piston and exhausted below it,
and the steam piston begins its downward stroke..
In these operations it is clear that the steam pressure in the
main valve chamber between the larger and smaller piston moves
the main valve to the right and keeps it there, unless counteracted
by the introduction of steam pressure on the outside of the
larger piston, and this is accomplished by the action of the
reversing valve. Steam from the reversing valve only enters the
main valve chamber so as to reach the outer face of the larger piston, and though it intermittently neutralizes the pressure on the
inner face of the larger piston, the steam between the two pistons
and that from the reversing valve chamber do not mingle, and
their entrance ways are separate.
Action of Air Piston. The up and down motion of the steam
piston imparts an up and down motion to the air cylinder piston,
as one is rigidly attached to the other. The upward stroke of the
air piston creates a partial vacuum below it, and air rushes in
from the atmosphere through the strainer and the air inlet and
lifts the inlet valve and enters the air cylinder. On the down
stroke of the air piston, the air which entered through the lower
receiving valve is compressed by reason of the fact that it cannot
escape through the passages by which it entered, as the lower receiving valve is closed by the pressure of the air above it, exactly
as the water entering a boiler through the check valve cannot escape back again to the delivery pipe of the injector. The air is
therefore compelled to pass out through the discharge passage, in

which there is a check valve similar to the receiving valve of the
pump. This is the lower discharge valve. This valve is held down
by main reservoir pressure, whatever that may be, and as soon as
the air in the cylinder of the pump is compressed to a pressure
greater than that in the main reservoir, the lower discharge valve
rises and the compressed air enters the main reservoir. On the
downward stroke of the air piston, a partial vacuum is created in
the portion of the cylinder above the air piston, and air from outside passes in through the strainer and the inlet passage and lifts
the upper receiving valve and so enters the pump. The air, which
in the downward stroke is being compressed and forced into the
main reservoir, cannot escape to the atmosphere, because it is compelled to act on the upper side of the lower receiving valve which
it thus holds tightly closed, while it lifts the lower discharge valve
and so reaches the main reservoir. The upper discharge valve is,
during this downward stroke of the air piston, closed tightly by
main reservoir pressure. The second upward stroke of the air
piston repeats the suction of air below it. and the compression of
air above it as it did in the first place, and as this operation recurs
on the next upward and all succeeding strokes the pump is enabled to store up compressed air of gradually increasing pressure
in the main reservoir, drawing free air in from the atmosphere at
every stroke. The pump is thus seen to be double-acting, as it delivers compressed air to the main reservoir at each stroke.
Storage of Energy. The mathematical definition of work is
"pressure acting through distance," and the steam pressure acting
upon its piston in the cylinder during its entire stroke the piston
the recipient of work in the mathematical sense. The air piston being rigidly connected to the steam piston transfers the work
of the steam piston to the elastic mass of air against which it
moves, and the work of compression is thus accomplished. The
air so compressed is stored in the main reservoir. The particles
of air in the main reservoir have been forced closer together than
they were in the free state, and they are ready to fly apart on the
instant that an opening is presented to the compressed mass of air.
This ability to fly back to normal conditions is due to the work
done upon the air particles by the movement of the air piston upon
confined air, and the work so done is stored in the compressed
air in the main reservoir in the form of molecular displacement,
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and the energy residing in the compressed air is now in what is
called the potential form.
When one winds up a clock, the tension of the main spring is
increased by the somewhat similar process of molecular displacement, in which each particle of the steel is slightly forced out of
its normal position, and the tightly wound spring is held in the
position into which it has been forced, by the ratchet and pawl.
The energy expended by the hand of the winder does work upon the
tempered steel clock spring, and when held in its compressed and
tense position it is said to be possessed of potential energy, or to
put it in other words, it possesses the alility to give back when
uncoiling the work expended upon it by the person who wound it
up. The hand of the winder may have occupied only a few moments in the process of doing work upon the spring, but the energy
so stored in the spring is faithfully given back in the continued
movement of the hands over the face of the clock during many
succeeding hours. Time is slowly measured as the escapement
wheel and hair spring rhythmically and regularly liberate the
amount of force necessary to mark each second, and the seconds
grow to minutes with the motion of the hands.
The winding of the clock spring forms a fairly close analogy to the compression of air by the pump on an engine, and as
far as the storage of energy in the potential form is concerned, the
analogy is complete. The comparatively rapid winding of the
clock and the compression of its spring develop a certain amount
of heat which is, of course, quickly radiated. The amount of
energy which is stored is that which remains after the friction of
the clock mechanism and the heat developed by the molecular distortion of the spring have been deducted. The stored energy is
therefore not quite the amount expended by the winder, but it is
all the spring has to give back in the form of work. In like manner the friction of the moving parts of the pump, the lifting of the
valves, etc., consume a minute portion of the work done by the
steam from the boiler. The rapid compression of the air also develops some beat, and the heat so produced tends to raise the pressure of the compressed air. In the early forms of air pumps, the
air cylinder was jacketed so as to prevent the radiation of the heat
of compression, but in the later forms of pumps, where larger volumes of air are compressed and where the strokes of the pump are

rapid, the outside of the air cylinder is not only not covered, but
in some instances is made with a series of projecting fins in order
to facilitate the radiation of the heat produced in compressing the
air. The outside of the main reservoir is not protected in any
way, so that radiation of heat takes place from its surface, and
the pressure of air indicated on the gauge is that of the air, cooled
to very nearly that of the surrounding atmosphere, and is practically the measure of the potential energy contained in the compressed air stored in the reservoir.
If the heat of compression could be retained a higher pressure would result, but the pump would heat and other undesirable
conditions would be produced. The compression of air, when
every provision for the rapid radiation of heat is provided for, is
called Isothermal compression, as the heat in the air before and
after compression is as nearly as possible equal, the word Isothermal signifying equal heats. The more or less theoretical pressure
resulting from compression, where heat is retained in the air, is
called Adiabatic compression, and this word, of Greek origin, indicates that the beat of compression does not pass through the
walls of the containing vessel. In this connection it is interesting
to quote a table given by Mr. IL H. Blackall in his "Air Brake
Catechism." He says: "The accompanying table shows the heat
due to compression. This heat depends upon the initial temperature. The rise in temperature is due to the heat of compression."
This is in another form the presentation of Gay-Lusac's law of
thermodynamics, which states that the pressure of a gas varies
directly as its temperature. The figures quoted by Mr. Blackall
refer to the Fahrenheit thermometer. The figures are no doubt
theoretically true, but are not readily apparent in practice.
Temperature of air before compression
Temperature of air compressed to 15 lbs
LC
44
CS
30 "
Lt
CC
45 "
LC
CS
CC
60 " ......
U
CC
75 ".
it
CC
LC
90 "
LC
it
C4
105 "
it

it

120 "
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60 0
90 0
177° 212°
255° 294°
317° 362°
369° 417°
416° 465°
455° 507°
490° 545°
524° 580°
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From this table it is apparent that the rise in temperature
above that of the surrounding atmosphere is very great for each
of the pressures given. Air on a hot summer day at a temperature
of 90° F, when compressed to about half its volume and showing
a gauge pressure of 15 pounds per square inch, is shown as raised
to the temperature of boiling water.
The Cross Compound Pump. The cross compound pump, Fig.
68, is one of the latest of the air brake accessories, but it is not
new in one sense of the word. As early as 1873, Mr. George
Westinghouse designed and patented a compound pump only a
short time after the air brake had been devised. One of the aims
in pump design all the way through air brake development has
been. to produce a pump which would occupy as little space as
possible on the locomotive, and this has been successfully achieved,
notwithstanding that the air consumption on trains in the legitimate operation of air brakes has greatly increased, and at the same
time the use of compressed air for various purposes on a train has
had a steady growth. At the present time there are a number of
so-called "parasites" on the air brake system, such as bell-ringers,
track-sanders, water-scoops and a water-raising - system in Pullman sleeping cars, as well as other appliances on engines and ears.
All these tax the air pump, and in order to meet the greater demand for compressed air the cross compound pump has been devised.
The Siamese Design. The problem in air supply which has
been met by the cross compound pump is the constant supply of a
large quantity of compressed air without the production of an
abnormally large pump, and at the same time the consumption of
steam has been kept within reasonable limits. The cross compound pump as now built is the combination of two separate air
pumps placed side by side and included in the one machine, as
shown in Fig. 68. These pumps, each having a steam and an air
cylinder, have been so closely associated together, and the steam
supplied to one, after doing work, being compelled to traverse the
passages of the second, and so continue the work of air compression, has suggested the name " Siamese," to describe the design. The name has, of course, reference to the famous Siamese
twins, which were a pair of human beings born in Siam, that,
owing to the peculiarity of their bodily structure, were closely con-

nected together, so that the life of one was apparently bound up
with that of the other, and for all practical purposes neither had
a free and independent existence apart from the other.
The Tandem Pump. The Siamese cross compound pump is
therefore easily distinguished from the tandem compound design,
in which there are three cylinders placed in a vertical line, the one
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Fig. 68.
8-i-riNrcH

CROSS COMPOUND COMPRESSOR.

steam cylinder being on top. In the tandem pump the low-pressure air cylinder is 11 x 12 inches, and corresponds to the air
cylinder of the 11-inch pump. The high-pressure air cylinder is
61 with 12-inch stroke, and the steam cylinder is 8 x 12 inches.
The tandem pump is a two-stage compressor, and has considerably
greater capacity than the standard 11-inch pump, with a decided
steam economy. The air valves, etc., in the tandem pump are
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those of the standard 91-inch pump. The receiving and discharge
valves of the new pattern 8-inch, the 9i-inch, and the 11-inch
pumps should have a lift of 3-32 of an inch.
The Eight and One-half-inch Cross Compound Pump. The cross
compound air pump is called the 81-inch cross compound, as shown
in Figs. 69 and 70, because the high-pressure steam cylinder has
a diameter of 81 inches, with a stroke of 12 inches. This cylinder
is placed immediately above the low-pressure air cylinder, which

which carries the main valve of the high-pressure pump. The
low-pressure steam piston and the high-pressure air piston are
each attached to the same rod, and move up and down according
as the flow of exhaust steam from the high-pressure cylinder
enters above or beneath the low-pressure steam piston. The lowpressure steam piston and the high-pressure air piston have no
mechanical connection with the valve gear, and consequently have
no means of operating it or governing the supply of steam or air.
They are simply floating pistons.
Steam, after doing work in the high-pressure cylinder, is expanded into the low-pressure steam cylinder, and, after moving it,
is exhausted to the atmosphere. Air entering the low-pressure air
cylinder is compressed by its forced entrance into the high-pressure
cylinder, and the succeeding stroke of the high-pressure air piston
continues the work of compression. The pistons on both sides of
the pump have motion at the same time but in opposite directions.
When the free air drawn into the low-pressure air cylinder has
been compressed one stage by being forced into the high-pressure
air cylinder, the resulting pressure in the high-pressure air cylinder is about 40 pounds, and it is against this pressure that the
high-pressure air piston constantly operates. This arrangement
has the advantage of permitting the air which occupies the clearance spaces in the low-pressure air cylinder to quickly expand to
atmospheric pressure on the next stroke, so that free air is drawn
into the low-pressure air cylinder more promptly and with less
piston movement than would be possible if main reservoir pressure was holding down the receiving valves of the low-pressure air
cylinder. A further advantage is secured by this arrangement,
and this is that the high-pressure steam and the low-pressure air
pistons are always able to make a full stroke, thus causing a complete movement of the valve gear without reference to whether the

Fig. 70.

Fig. 69.

DIAGRAM OF 8i-1RM-I CROSS COMPOUND COMPRESSOR, SHOWING
DIFFERENT STROKES.

has a diameter of 14i inches and a stroke of 12 inches. The lowpressure steam cylinder, 141 inches in diameter with 12 inches
stroke, is placed above the high-pressure air cylinder, which is
9 x 12 inches. The valve gear of this pump is placed in the highpressure steam cylinder head and is similar in operation to that of
the standard 91-inch and 11-inch pumps. The high and low-pressure air cylinders have respectively volumes of 1981.56 and
763.40 cubic inches, and this gives a ratio of between high and low
as 1 is to 2.5957. The low-pressure steam cylinder does not operate any valve mechanism. The steam traversing its passage is governed by the movement of a slide valve working on the same stem
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main reservoir pressure is small or great.
Boyle's Law. The compression of air presents some interesting problems which have been the subject of experiment by some
of the most noted men of science. What is known as Boyle's Law
states that the pressure of a gas varies inversely as the volume, and
vice versa. This means that if a vessel full of air, such as the lowpressure cylinder of the cross compound pump, at the ordinary
atmospheric pressure of 14.7 pounds per square inch, be com-
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pressed to half its volume it will have twice the pressure, or 29.4
pounds, absolute. If it be compressed to a quarter of its volume,
the pressure will be four times as great, or 58.8 pounds, absolute.
The converse of this holds true, and if air, at a given volume, has
a pressure of 120 pounds, as in the main reservoir, be allowed to
expand to twice its original volume the pressure will sink to half
the amount, or 60 pounds to the square inch. This law is made
use of in calculating the rise in pressure due to compression, and
also in ascertaining the resulting pressure when a quantity of air
under pressure is allowed to expand, as when the air in an auxiliary reservoir and a brake cylinder equalize. The ordinary auxiliary reservoir with air at 70 pounds pressure equalizes with the
brake cylinder at about 50 pounds. Up to the point of equalization the pressure in the auxiliary reservoir sinks, and that in the
brake cylinder rises. At the point of equalization, where both
become the same, any further expansion of the air in either vessel,
following Boyle's Law, would reduce the pressure in both. This
is why, when the point of equalization has been reached, further
brake pipe reduction is of no avail in the practical operation of
the brake.
Gay-Lussao's Law. Gay-Lussac's Law, or, as it is sometimes
called, Charles' law, states that the pressure of a gas varies as the
absolute temperature. This takes into consideration the rise of
temperature due to compression, or the loss of temperature due to
expansion. The rise of temperature noticed in air when compressed by the pump is clue to the work done to the air by forcing
it to assume a smaller volume, and the cooling of the air when
allowed to expand is due to the consumption of heat by it in the
performance of work. Air at the temperature of melting ice, 0°
Centigrade, is found to expand 1-272d of its volume for every addition of one degree Centigrade, and when 273° C. have been
added the volume of the air would be doubled. The converse of
this holds true also, and if from air at a temperature of 0° C. the
subtraction of one degree Centigrade be made, it reduces the
volume by 1-273d. It is thus manifest that if 273° Centigrade
could be abstracted, the gas would shrink to no volume at all.
This is the theoretical limit, and minus 273° Centigrade is called
the absolute zero of temperatures. This is a degree of cold which
has not yet been artificially produced, and even if it were possible

to reach that extreme point of refrigeration, 273° below that of
freezing water, the gas experimented with would have become
liquid and eventually solid long before this bitterly cold and final
point could be reached.
In the case of the cross compound pump which we have.been
considering, it is probable that. if the heat due to compression in
one stroke of the large low-pressure air piston \Vita not allowed to
rapidly radiate from the walls of the containing vessel, a pressure
of about 451 pounds per square inch would be indicated on the
gauge. There is no reason, from a theoretical standpoint, why the
heat due to compression should have its escape facilitated, as any
increase of temperature raises the pressure, but from a practical
standpoint the slight advantage gained by the augmented pressure
of the compressed air would be dearly purchased, as the inevitable
heating of the pump itself would tend to destroy the lubricant
used, and would cause the air cylinder to cut, and the pump eventually to blow through at each stroke and thereby seriously impair
its efficiency.
Another well-known result of compressing air is the squeezing
out of it the vapor it contains. Atmospheric air at ordinary temperatures contains a certain amount of watery vapor, and when
the air is compressed this moisture is deposited in the form of
water. The presence of water in any of the reservoirs of the air
brake system reduces the volume of the vessel in which it lodges,
and, if allowed to accumulate in pockets or bends of pipes, it
obstructs the free passage of air, and in cold weather is liable to
freeze, with disastrous results.
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STREET RAILWAY AIR BRAKE.
The adoption of electric traction in street railway service, and
the great advantages of air operated brakes, has led to the combination of the force of electricity and compressed air in the form
of the motor-driven air compressor, and this useful machine is
what has enabled the practical grafting of the air brake system on
electric street railway cars, interurban trolley lines and the electrified portions of steam railroads. There are several types of
air brakes for electric service now on the market, and from among
them we have selected the air brakes of the General Electric Com-
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pany, of Schenectady, N. Y., as a typical example. Air brakes
may be applied not only to single motor cars but to one or more
trailer cars as occasion requires. The whole train brake is operated by the motorman, just as the locomotive engineer controls the
air brake on fast passenger trains or on long, heavy freights. Air
brakes are now manufactured for all classes of service, whether for
single ears, multiple unit trains or for single cars hauling one or
more trailers continuously or intermittently. In all cases the
brakes are operated by one brake valve in the vestibule of the leading car. The air compressor as used on street railway lines is
operated by an electric motor, driven by current taken from the
trolley or third rail line. This current is, if one may so phrase it,
a branch from the circuit which conveys current to drive the ear,
but this air compressor circuit is not connected to the motorman's
controller and must be turned on or cut off by a separate switch.
In this way, as long as the car is connected with the trolley and
the switch cut-in, current flows to the motor compressor, and air
pressure can be pumped up and maintained whether the cars are
in motion, either coasting or electrically propelled, or standing still.
In connection with this switch there is a fuse of the enclosed type
which protects the compressor motor from an electrical overload.
The straight air system used on street railway lines is practically
the same in principle as the original straight air brake designed
for steam railroads by George Westinghouse. The details differ,
as, for example, there being two motormen's brake valves, one on
either end of the car, the main reservoir pipe is extended under the
car so as to reach both valves, and the brake pipe is also connected
to the two brake valves, and the brake cylinder is fed direct from
the brake pipe. The main reservoir pipe is always full of compressed air when the main reservoir is full, and the brake pipe is
always empty, as is the brake cylinder, except when brakes are

applied.
The GE Straight Air Brake. The Straight Air Brake System
is the simplest form of power brake. The diagram, Fig. 71, shows
how the different parts of this system are connected, and the
equipment consists of a Motor Compressor, Suspension Cradle for
Compressor, Air Compressor Governor, Combined Switch and
Fuse, Motormen's Valves, Removable Handle for Motormen's
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Valves, Brake Cylinder, Reservoir with Hangers and Drain Cock,
Safety Valve, Pressure Gauges, and Exhaust Mufflers.
Air Compressor. The air compressor is driven by an electric
motor connected by means of herring-bone gearing to an air pump.
The air pump consists of two cylinders with single-acting pistons
connected to a common crank shaft which has its cranks 180°
apart, so that one piston is compressing while the other is drawing
air into the cylinder. The electric motor is a four pole serieswound machine. The frame is of east steel, and is made in one
piece and provided with a removable head at one end of sufficient
size to permit the armature to be drawn out of the field. The
pole pieces are bolted to the frame, which forms part of the magnetic circuit. There are only two brush holders, each of which is
rigidly secured to, and insulated from, the motor frame. The
compressor is bolted to a specially designed cradle which is permanently fixed to the underside of the car. This arrangement
facilitates the removal of the compressor when necessary. The air
compressor and motor are of the enclosed type, in which all the
parts are protected from dust and water, so that no external casing
is necessary. Street or interurban cars are usually operated over
very dusty roads, and not only is the protection of the working
part very necessary, but the air drawn into the compressor has to
be freed from dust and grit before entering the pump cylinders.
This is done by providing the intake with curled hair strainers
which are held in an easily removable easing.
Air Compressor Governor. A section of the air compressor
governor is shown in Fig. 72. The movement of the switch is controlled by a small piston rod connected to a diaphragm supported
by a coil spring. The upper side of the diaphragm is in a chamber
which is piped to the main reservoir. The varying pressure of the
air in the reservoir thus actuates a set of operating levers, one of
which carries the contact finger, by means of which the motor
compressor circuit is made and broken. As the compressor continues to operate, the air pressure is increased in the reservoir,
thus raising the pressure in the chamber above the diaphragm,
and forcing the piston downward against the action of the operating spring. The operating levers are. thus moved and the contacts are separated with a quick snap, thus breaking the electrical
circuit and stopping the compressor. As the pressure in the reser103
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voir is reduced, the reverse action takes place and thereby pulls
the contact finger upward, quickly closing the circuit. The pressure maintained in the main reservoir is from 60 to 100 pounds
to the square inch, and a safety valve set as required is placed on
the main reservoir pipe in order to prevent the possibility of
higher pressure accumulating. The valve is similar to the ordinary pop safety valve used in steam and air brake practice. It
can be readily set for any required pressure by turning the ad-

The Motorman's Brake Valve. The motorman's brake valve,
Fig. 74, is practically the three-way cock of the original Westinghouse brake, but is now designed in order to secure good wearing
qualities and to meet the exacting conditions of modern street and
interurban traffic. The handle of the motorman's valve is detachable, and can only be applied when the brake is in the lap position.
When the handle is removed the stem for operating the valve is
protected by a bonnet or casing, so that the valve cannot be operated or tampered with by passengers. The brake valve has three
positions, application, lap and release. In the application position
air from the main reservoir flows to the brake cylinder. In order
to obtain a gradual application of the brakes when slowing up,
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Fig. 72.
SECTION OF

G. E.

AIR COMPRESSOR GOVERNOR.

justing screw and increasing or lessening the tension of the coil
spring above the valve.
Combined Switch and Fuse. A fire-proof combined switch and
fuse is placed in the compressor circuit and is capable of opening
the circuit positively under all conditions. The current carrying
parts are enclosed in moulded insulation, and a powerful magnetic blow-out is provided for extinguishing the arc when the circuit is opened. This combined switch and fuse is illustrated in
Fig. 13. This switch cuts in or out the flow of current to the air
compressor, and is opened by hand.

or for making a gradual stop, the application position is divided
into two parts, namely, the service application position and emergency application position. When the handle is in the service application position a small port admits air from the reservoir to
the brake cylinder, and when in the emergency application position, a large port is opened, which admits air from the reservoir
to the brake cylinder, applying the brakes almost instantaneously.
The lap position blanks the ports in the valve and holds the
brakes applied with whatever pressure was introduced into the
brake cylinder. This is the position in which the valve remains
when the handle has been removed. A second application causes
a rise of brake cylinder pressure and a tightening of the brakes.
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The release position simply connects the brake cylinder with the
atmosphere and cuts off the main reservoir's supply to the brake
cylinder. At the end of the exhaust pipe from the motorman's
brake valve a muffler is provided in order to deaden the sound of
escaping air. This is designed so as not in any way to interfere
with the prompt release of the brake, but is simple and effective
in eliminating noise.

socket which fits between two raised projections on the back of the
valve. The valve is enclosed in a removable yoke which fits closely
at the valve's edges and thus acts as a guide on each side.
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Fig. 75.
GENERAL ELECTRIC -MOTORMAN'S VALVE SHOWING RAISED SEAT.

A style of motorman's brake valve is also made, called type
SS. This valve is intended for operating equipments where pneu-

Fig. 74.
GENERAL ELECTRIC MOTORMAN ' S VALVE.

The motorman's brake valve is made in two styles, one with
a rotary valve somewhat similar to the engineers' brake valve
used in steam railroad practice, though the three-way cock principle is of course adhered to. The other form of motorman's brake
is the one more commonly used, and is called the type S, form C,
shown in Fig. 75. This device is made with a slide valve which
moves in a straight path across the circular disc in the valve body.
This straight slide valve motion is accomplished by providing the
stem (moved by the motorman's handle) with a crank and square

Fig. 76.
EXHA DST MUFFLER.

matic sanders are used. The SS type differs from the others only
by the addition of an auxiliary valve set in the stem of the main
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valve. This auxiliary valve opens or closes a port leading to the
sanders. The valve is operated by a press-button attached to the
head of the brake valve handle. The button can be touched by the
motorman without letting go of the handle, and sand may thus be
applied to the rail either when running with brake applied, or the
rail can be sanded when starting the car with the brake valve in
release position.
Mufflers. The mufflers for deadening the noise of the exhaust,
as shown in Fig. 76, are made in the form of an iron cylindrical
casting about three inches in diameter by four inches in length,
filled with curled hair through which the exhaust air must pass.

dently of the other. The hose couplings are provided with check
valves, which prevent the escape of air from the main reservoir
in case of a break-in-two.
Brake Application. To apply the brakes the motorman's valve
handle is moved to the right, permitting air from the reservoir
and reservoir line to flow to the train pipe which is directly conmeted to the brake cylinder. This pressure entering behind the
brake cylinder piston causes it to move forward, carrying with
it the push rod which is connected to the brake levers, thus causing the brake shoes to be forced against the wheels. The degree to which the brakes are applied depends upon the amount of
air that is allowed to pass into the straight air brake pipe, and
this is controlled by the motorman's valve.
Brake Release. To release the brakes the handle of the motorman's valve is moved to the left, permitting the air in the brake
pipe and brake cylinder to exhaust to atmosphere. It passes
through the muffler in transit, deadening the noise of the exhaust.
The Automatic Air Brake. On elevated roads, electrified steam
roads and on any service where a number of cars are operated in
a train, the automatic air brake equipment is employed. The
necessity for the automatic equipment will be appreciated when it
is remembered that should a train equipped only with straight air
brakes be parted by accident, all the brakes would be inoperative,
as the brake pipe would be opened to atmosphere.
With the automatic equipment, both the main reservoir and
brake pipe are normally under pressure, and a triple valve is
placed between the brake pipe, the brake cylinder and auxiliary
reservoir. The function of the triple valve is to connect the brake
cylinder to the atmosphere when the brakes are released, and to
connect the brake cylinder and auxiliary reservoir when the brakes
are applied. The triple valve is actuated by raising or lowering
the pressure in the brake pipe, so that to apply the brakes the
motorman's valve handle, on being placed in the application position, connects the brake pipe to the atmosphere, thus reducing the
pressure in that pipe and thereby reducing the pressure on one
side of the triple valve piston. This reduction of pressure causes
the triple valve to move the service piston, carrying with it a
slide valve which first cuts off communication between the brake
cylinder and atmosphere, and then establishes communication be-

Fig. 77.
GENERAL ELECTRIC BRA10E CYLINDER.

These are attached to the exhaust pipe leading from the brake
valve.
The Brake Cylinder. The brake cylinders, Fig. 77, are of the
same general type as those used on steam railroads. They are
fitted with tubular piston rods which surround the push rods, and
these rods are arranged to move in the hollow piston rods when
the brakes are set by hand. This arrangement prevents the movement of the brake cylinder piston, except when brakes are applied
by compressed air.
Operating a Trailer. The equipment used with a trailer car,
operated in conjunction with the straight air brake, consists of a
brake pipe and brake cylinder with hose couplings, angle cocks,
etc. Stop cocks are provided to cut out the brake cylinder on the
trailer and motor car, so that either car can be braked indepen-
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tween the brake cylinder and auxiliary reservoir, thus applying
the brakes as in steam railroad practice. When the motorman's
valve handle is moved to the release position, air is admitted to
the brake pipe from the main reservoir pipe, charging the former
to full pressure. This increase in the brake pipe pressure moves
the triple valve to the release position, establishing communication
between the brake cylinder and atmosphere, and at the same time
permits air to flow from the brake pipe to the auxiliary reservoir,
charging it to normal pressure. This action takes place on each
car in the train simultaneously, as the brake pipe is connected
throughout the train. Should the air brake hose burst or become
ruptured, brake pipe pressure would be exhausted to atmosphere,
causing an emergency application of the brakes throughout the entire train.
The Emergency Straight Air Brake. When two or more cars
are operated with the straight air system, the reservoir pipe lino
connecting the cars is filled with air at main reservoir pressure,
as shown in Fig. 78. In the event of a break-in-two this pipe line
when parted would empty the entire reservoir system and prevent
the application of brakes. To avoid this contingency, an emergency valve is employed so that the reservoir pressure acts above
and below a piston carrying a slide valve, somewhat similar to the
plain triple valve used on steam roads. The sectional view of
the emergency valve, Fig. 79, shows the normal position of the
parts while running, or when service applications of the brakes
are being made. A strong spiral spring holds the piston in its
upper position, thereby allowing a free flow of air from the reservoir pipe line through the strainer and to the chamber below the
piston and past the edges of the piston by grooves in the casing,
then through the slide valve chamber and so to the reservoir. In
this position of the slide valve, the brake pipe is connected directly to the brake cylinder through the ports shown in the illustration. The slide valve is held firmly against its seat by air
pressure, assisted by its spring.
In the event of a break-in-two or other accident to the reservoir pipe line, the piston is forced downward by the unbalanced
pressure from the reservoir, and its lower edge is pressed against
a leather gasket at the bottom of the cylinder, and an air-tight
joint is thus made which cuts off all flow of air to or from the
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reservoir pipe line. At the same time the slide valve is moved
until the brake pipe port is closed, and all communication with the
brake pipe is blocked. The movement of the slide valve opens a
passage from the valve chamber to the brake cylinder through the
upper port, and a direct connection is made between the reservoir
and brake cylinder, thus applying the brake with full force
Placing the motorman's valve handle in the emergency position
connects the reservoir pipe to the atmosphere, or a break in the
76+
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Fig. 79.
SECTION OF AITTOMATIC EMERGENCY VALVE.
reservoir pipe line will, therefore, at once apply the brakes on all
cars.
Release. In order to release the brakes after an emergency
application has been made, the reservoir pipe line must be recharged to reservoir pressure. To do this the handle of the motorman's valve is moved to the emergency release position. In this
position air flows from the main reservoir on the first car through
a small port in the motorman's valve to the reservoir pipe line,
and also opens the brake pipe to the atmosphere. The pressures
above and below the pistons in all the emergency valves thus be-
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come equalized, and the spring moves the pistons and slide valves
to their normal positions, and opens the port to the brake pipe,
and the air then flows from the brake cylinders to the brake pipe
and thence through the motorman's valve to the atmosphere. The
reservoir pipe line is like the main artery in the human body. An
accident to the pipe would at once bleed the entire system, but
the emergency valve may be said to promptly and automatically
apply a tourniquet, and not only stop the hemorrhage but turn the
flow of air into the brake cylinder and so apply the brake.
Multiple Unit Operation. When one or more motor cars form
a train and it is desired to operate the brake from the front of the
leading car, the equipment is modified so that not only is there
hose connection between the brake pipes of the cars, but additional
hose connections are required on the main reservoir pipe lines, as
shown in Fig. 80. In this way the main reservoirs under the several cars form a connected series along the same pipe line, and the
brake cylinders also form another connected system along the
brake pipe line. The various motor compressors, working at the
same time, supply the connected reservoirs, and thus each does its
share of the work and, although the same pressure is maintained
all through the system, a large total volume of compressed air is
stored up for the larger consumption of the multiple unit train.
The air in the forward main reservoir supplies the brake cylinders
of the cars. The main reservoirs on the other cars each supplies
air to the reservoir next ahead, as its supply is depleted by the
general application of brakes. This is inevitable where auxiliary
reservoirs and triple valves are not used. This arrangement is not
applicable to long trains, as the brakes on the forward cars would
set first, and those behind one after the other. The system, however, works very satisfactorily with short trains.
Automatic Equipment. Long trains on electrically driven railways are equipped with the automatic air brake, similar in a general way to that used on steam railway passenger trains. All
cars, whether trailers or motor cars, are equipped with auxiliary
reservoirs and triple valves, and the train pipe pressure is constantly maintained. The main reservoirs on all the motor cars are
connected together by the "main reservoir line," which is a separate pipe passing under the trailer ears as well as the motor cars.
The entire main reservoir capacity of the whole train is used by
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the motorman for all the cars. Each motor car thus resembles a
locomotive equipped with the automatic brake, but the supply to
the various auxiliary reservoirs comes from the series of main
reservoirs and feeds into the brake pipe of the train through the
motorman's brake valve which is being operated at the front. of
the train. With the automatic brake on an electrically operated
road, excess pressure is carried in the main reservoirs for the
prompt release of brakes. Quick-action triple valves are used,
and a break-in-two of the train applies the brake just as it would
do on a steam railroad.
The Electric Controller Safety Handle. On most of the electrically operated roads using motor cars, a safety device in connection with the motorman's controller is used. This consists of
a knob or button on the top of the handle, and this button must be
pressed down before the handle can be moved, and the electric
current turned on to the driving motors of the car. The button
can be depressed almost by the weight of the hand, the resistance
being that of a light coil spring which does not require much
muscular exertion to hold it down. Pressure on the knob carries
it down about half an inch, and it may rise up as much as threeeighths of an inch without breaking the controller circuit. The
object of this device is that in the event of a motorman fainting on
duty, or being otherwise suddenly overcome, his failing grasp on
the handle will at once take effect by the sudden interruption of
the current. At the same time, by a most ingenious contrivance
in connection with this safety handle, the air brakes on the train
are applied in the emergency, and the train, deprived of the
motorman's intelligent care, has its driving power at once cut off,
and it promptly receives the maximum braking power of which
the automatic system is capable. In case of emergency with imminent danger on the track ahead, the motorman will have done his
duty fully by simply taking his hand sharply away from the controller.
The Automatic Stop. On the Boston Elevated, the New York
Subway, and on the Chicago Elevated, and the Hudson Tunnels,
there is an appliance known as the automatic stop. This consists
of a T-headed trip placed outside one of the rails. When an automatic block signal is in the "danger" position, this trip assumes a
vertical position, and when the signal is at "clear" the trip is in-
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dined, so as to be out of the way. The cars are equipped with an
air pipe, coming down so that the handle of a stop cock or a dummy
coupling will be struck by the upright trip in case the car runs past
a danger signal. This has the effect of applying the brakes in the
emergency. When the signal is at "clear," the handle of the stop
cock clears the head of the inclined trip.
If a motorman endeavored to pass a stop signal, the brakes
would at once be applied with full force, and in case the controller
handle was still kept in the "on" position, the sudden slowing down
of the train by the emergency brake action would produce an electric overload on the motor circuit capable of blowing the circuit
breakers, and thus automatically cutting off the current.
Safety Features. The electric controller with the safety button, sometimes grimly called the "dead man's handle," is a safety
appliance of the greatest importance. The slackening of the
nerveless hand of a disabled man, or the prompt release of the knob
by a man keenly alert to his duty in the presence of sudden danger,
not only cuts off the electric current, but it also powerfully
applies the brakes. In the case of the automatic stop, which is
another most important safety device, the sudden application of
the brake by the trip beside the rail, with current full on, will
blow the circuit breakers and cut off the electric current. In the
one case, the cutting off of the electric current applied the brake,
and in the other case the application of the brake causes the cutting off of the current. In this way the driving force and the
stopping power are, as it were, linked closely hand in hand for the
noble purpose of guaranteeing safety to the modern traveller, as
far as it lies within the ability of the designing, constructing and
operating engineer to do it.

Air Brake Instructions.
[As Adopted by the American Railway Master Mechanics' Association.]

A.—GENERAL INSTRUCTIONS.
I. The following rules and instructions are issued for the
government of all employes of this railroad whose duties bring
them in contact with the maintenance or operation of the air
brake and train air signal. They must be obeyed in all respects,
as employes will be held responsible for the observance of same as
strictly as for the performance of any other duty.
Every employe whose duties are connected in any way with
the operation of the air brake, will be examined from time to
time as to his qualifications for such duties by the Inspector of
Air Brakes or other person appointed by the proper authority,
and a record will be kept of such examination.
A book of information will be issued, in convenient form,
giving a complete explanation of such parts of the air brake and
train air signal equipment as is deemed necessary for the care
and operation of same. Any employe of this railroad whose
duties require a knowledge of the operation and maintenance of
the air brake and air signal will be furnished with a copy of same
upon application at place designated by special notice, and every
employe will be held responsible for a full knowledge of his duties
in the operation or maintenance of the air brake or signal equipment.
B.—INSTRUCTIONS TO

ENGINEMEN.

2. Enginemen when taking charge of locomotives must see
that the air brake apparatus on engine and tender is in good
1623
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working order, and that the air pump and lubricator work properly; that the devices used for regulating main reservoir and
train pipe pressures are adjusted at the authorized amount: that
brake valve works properly in all its positions; and that, when
brakes are fully applied, with earn type of driver brake, the pistons do not travel less than 2 inches, nor more than 31- inches,
and with other forms, from 4 inches to 6 inches, and that the
tender brake piston does not travel less than 6 inches nor more
than 9 inches. They must knew that the air signal responds by
opening hose cock on its train pipe.
Enginemen must report to roundhouse foremen, in writing,
at the end of the run, any defects in the air brake or train air
signal apparatus.
MAKING UP TRAINS, TESTING BRAKES AT TERMINAL
POINTS AND BEFORE STARTING DOWN SUCH GRADES
AS MAY BE DESIGNATED BY SPECIAL INSTRUCTIONS.

3. The train pipe under the tender must always be blown out,
and maximum pressure obtained in main reservoir before coupling engine to train.
After the train has been charged with air pressure, the engineman shall, at the request of the inspector or trainmen, apply
the brakes with full service application and leave them so applied until all brakes operated from the engine have been inspected and the signal given to release. The engineman must
then release the brakes and must not leave the station until it has
been ascertained that all brakes are released, and be has been informed by the inspector, or trainmen, of the number of brakes in
service and their condition. In testing passenger brakes, the
American Railway Association code of train air signals for applying or releasing must. he used, one of which signals must he
given from the discharge valve on rear car.
Following the separation of couplings for local switching, or
when engine or train has been parted for any purpose, the above
test need not be complied with further than to ascertain, by test,
that the rear brakes are responsive to brake valve on engine, and
that. all brakes have properly released. However, when cars are
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added to train, the brakes on such cars must be inspected as in
terminal test. When a passenger train back-up hose is to be used
to control the train, the brakes must be applied for test with the
back-up hose, and released from the brake valve on the locomotive.
4. Service Application. In applying the brakes, to study
the train on descending grades, or for reducing speed for any
purpose, an initial train pile reduction of not less than five
pounds must be made. Releasing brakes at low speeds must be
performed with great care, dependent upon local conditions.
With freight trains, first allow the slack to run up against
the locomotive. Great care must then be taken to apply the brakes
with five to nine pounds reduction, according to length of train
pipe, and not make a second reduction, until the effect of the
first reduction is felt on entire train, in order to prevent shocks
-which otherwise might be serious. When a freight train must be
brought to a full stop, the train brakes must be held applied until
stop is made.
In making a service stop with a passenger train, ALWAYS
RELEASE THE BRAKES A SHORT DISTANCE BEFORE
COMING TO A DEAD STOP, except on heavy grades, to prevent shocks at the instant of stopping. Even on moderate grades
it is best to do this, and then, after release, to apply the brakes
lightly, to prevent the train starting, so that when ready to start,
the release will take place quickly.
B. Emergency Applications. The emergency application of
the brakes must be used, except in actual emergencies. Under
such conditions, the brake valve must be left in emergency position until train has come to a full stop.
ENGINEMAN'S STRAIGHT AIR BRAKE VALVE ON LOCOMOTIVES.

a. Always keep both brakes cut in and ready for operation,
unless failure of some part requires cutting out.
b. Always carry an excess pressure of ten pounds, or more,
in the main reservoir, as this is necessary to insure a
uniformly satisfactory operation.
c. When using the automatic brake, keep the straight air
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brake valve in release position; and when using straight
air, keep the automatic brake valve in running position;
this to avoid driver and tender brakes sticking.
d. The straight air reducing valve should be kept adjusted
at forty-five pounds, and the driver and tender brake
safety valves at fifty-three pounds.
When a full application of straight air causes either or both
safety valves to operate, it indicates that same are out of order,
or too high adjustment of the reducing valve, or too low adjustment of the safety valve, or leakage of same. Have them tested
and adjusted.
6. Brakes Applied from an Unknown Cause. If it is found
that the train is dragging as though the brakes were applied, without rapid falling of the train line pointer, the
engineman must make an effort to release the brakes, which
First, if train pipe pressure is less
may be done as follows;
than the authorized amount, and the required excess pressure is
carried in the main reservoir, move the handle of the brake valve
to the full release position for a few seconds, and then return it
to the running position; secondly, should the train pipe be fully
charged with pressure, apply the brakes with a five or ten pounds
reduction, according to the length of the train pipe, and release
the brakes in the usual manner. In case the brakes can not be
released, the train must be stopped, and the trainmen notified to
examine the brakes.
If, however, the brakes go on suddenly with a fall of the
train line pointer, it is evidence that (a) a conductor's valve has
been opened, (b) a hose has burst or other serious leak has occurred, or (c) the train has parted. In such an event, the locomotive throttle should be closed, and the brake valve handle immediately placed on lap or emergency position, to prevent the
escape of air from the main reservoir, and left there until the
train has stopped and the brake apparatus has been examined, and
the signal to release given.
7. BRAKING BY HAND.—NEVER USE THE AIR
BRAKE when it is known that the trainmen are operating the
brakes of the air brake cars by hand, except in eases of emergency, as there is danger of injury to the trainmen by so doing.

8. Cutting Out Brakes. TILE DRIVER AND TENDER
BRAKES MUST ALWAYS BE USED AUTOMATICALLY
AT EVERY APPLICATION OF THE TRAIN BRAKE, unless defective, except upon such grades as shall be designated by
special instructions.
When necessary to cut out either driver or tender brake, on
account of defects, it shall be done by turning the handle of the
four-way cock in the triple valve down to a position midway between a horizontal and a vertical position, first releasing the brake
and leaving the bleed cock open. With the special types of triple
valve, close the cut-out cock in the branch pipe.
9. Double Headers. When two or more locomotives are
coupled in the same train, the brakes must be connected through
to, and operated from, the head engine. For this purpose a cock is
placed in the train pipe, just below the brake valve. Enginernan
of each locomotive, except the head one, must close this cock and
carry the handle of brake valve in running position. He will start
his air pump and let it run, as though he were going to use the
brake, for the purpose of maintaining air pressure on his locomotive and enabling him to assume charge of th,e train brakes should
occasion require it.
10, An Extra Air Brake Hose, Complete, must always be
carried on the locomotive, for repairs in case of burst hose. Upon
locomotives having the air signal, a single hose, complete, must
also be carried for the same purpose.
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C.—INSTRUCTIONS TO TRAINMEN.

11. Making up Trains and Testing Air Brakes. When the
locomotive has be,en coupled to the train, or when two sections have
been coupled together, the brake and signal couplings must Ir
united, the cocks in the train pipes—both brake and signal—must
all be open, except those at the rear end of the last car, which' must
he closed, and the hose hung up properly in the dummy coupling,
when cars are so equipped.
After the train has been charged with air, the engineman
must then be requested to apply the brakes. When he has done
so, the brakes of each car must be examined to see if they are
104
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properly applied. When it is ascertained that each brake is applied, the engineman must be signaled to release the brakes. (In
testing passenger brakes, the American Railway Association train
air signal whistle code for applying or releasing must be used,
one of which signals must be given from the discharge valve on
the rear ear.) The brakes of each car must then be examined to
see that each is released, and the engineman informed as to the
number of brakes in service and their condition.
If any defect is discovered it must be remedied and the
brakes tested again—the operation being repeated until it is as- .

by opening the bleed cock in the auxiliary reservoir until the air
begins to release through the triple valve, when the reservoir cock
must immediately be closed.
15. Train Breaking into Two of More Parts. First close the
cock in the train pipe at the rear of the first section and signal
the engineman to release the brakes. Having coupled to the second section, observe the rule for making up trains—first being
sure that the cock in the train pipe at the rear of second section
has been closed, if the train has broken into more than two sections. When the engineman has released the brakes on the second
section, the same method mast be employed with reference to the
third section, and so on. When the train has been once more
entirely united, the brakes must be inspected on each car to see
that all are released before proceeding.
16. Cutting Out the Brake on a Car. If, through any defect. of the brake apparatus, it becomes necessary to cut out the
brake -upon any car, it may be done by closing the cock in the
cross-over pipe near the center of the car where the quick-action
brake is used, or by turning the handle of the cock in the triple
valve to a position midway between a horizontal and a vertical,
where the plain automatic brake is used, first releasing the brake.
With the special types of triple valves, close the cut-out cock in
the branch pipe. When the brake has been thus cut out, the cock
in the auxiliary reservoir must be opened and left open upon passenger cars, or held open until all the air has escaped from the
reservoir upon freight ears. THE BRAKE MUST NEVER BE
CUT OUT UPON ANY: CAR UNLESS THE APPARATUS
IS DEFECTIVE, and when it is necessary to cut out a brake the
conductor must notify the engineman and also send in a report
stating the reason for so doing.
17. Conductor's Valve. Should it bcome necessary to apply the brakes from the train, it may be done by opening the conductor's valve placed in eaelp car so equipped. THE VALVE
MUST BE HELD OPEN UNTIL THE TRAIN COMES TO
A FULL STOP, AND THEN MUST BE CLOSED AGAIN.
This method of stopping the train must not be used except in
case of emergency.
18. Burst Hose. In the event of the bursting of a brake

certaindhvygsrt.Teconduagithen be notified that the brakes are all right. Following the separation of couplings for local switching, or when engine
or train has been parted for any purpose, the above test need
not be complied with other than to ascertain, by test, that the
rear brakes are responsive to brake valve on engine and that
all brakes have properly released. At. points where there are no
inspectors, trainmen must carry out these instructions. No passenger train must be started out from an inspection point with
the brakes upon any car cut out or in a defective condition, without special orders from the proper officers. The air brakes must
not be alone relied upon to control any freight train with a
smaller proportion of cars with the air brake in service than provided for by special instructions. -When hand brakes are also
used they must be applied upon those cars next behind the airbraked cars, except in cases of emergency.
10. Detaching loromotive or Cars. First close the cocks
in the train pipes at the point of separation, and then part the
couplings, invariably by hand.
13. Couplings Frozen. If the couplings are found to be
frozen together or covered with an accumulation of ice, the ice
must first be removed, and then the couplings thawed out by a
torch to prevent injury to the gaskets.
14. Brakes Sticking. If brakes are found sticking, the signal "brakes sticking" must be given as hereafter prescribed by
the American Railway Association, or by special rules, in which
case, if the brakes cannot be released from the locomotive, or if
the brakes are applied to detached cars, the release may be effected
man 11111a
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hose, it must be replaced and the brakes tested before proceeding ;
providethanbsfplce.Iitno,hrape
cock immediately in front of the burst hose must be closed, and
the engineman signaled to release. All the brakes to the rear
of the burst hose must then be released by hand, and the train
must then proceed to a safe place where the burst hose must be replaced and the brakes again connected and tested, so as to ascertain that the rear brakes are responsive, by test, to the brake valve
011 engine. One extra air brake hose complete should be carried
by all crews, and one extra signal hose complete carried by passenger crews for repairs.
19. Brakes Not in Use. When the air brakes are not in use,
either upon the road or in switching, the hose must be kept
coupled between the ears, or hung up properly to the dummy
couplings, when cars are so equipped.
20. Pressure-Retaining Valve. When this valve is to be
used, the trainmen must, at the top of the grade, test the brakes
upon the whole train, and must then pass over the train and turn
the handles of the pressure-retaining valves horizontally upon all
or a part of the cars, as may be directed. At the foot of the grade.
the handles must all be turned downward again. Special instructions will be issued as to the grades upon which these valves are to
be used.
21. Train Air Signal. In making up trains, all couplings
and car discharge valves on the cars must be examined to see
if they are tight. Should the car discharge valve upon any car
be found to be defective it may be cut out of use upon that car by
closing the cock in the branch pipe leading to the valve. The
conductor must always be immediately notified when the signal
has been cut out upon any car, and he must report the same for
repairs.
In using the signal, pull directly down upon the cord during
one full second for each intended blast of the signal whistle, and
allow three seconds to elapse between the pulls.
22. Reporting Defects to Inspectors. Any defects in either
the air brake or air signal apparatus discovered must be reported
to the inspector at the end of the run ; or, if the defect be a serious
one in passenger service, it must be reported to the nearest in-
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spector, and it must be remedied before the car is again placed
in service.

IL—INSTRUCTIONS TO ENGINE-HOUSE FOREMEN.
23. General. it. is the duty of the engine-house foreman
to see that the air brake and signal equipment is properly inspected. upon each locomotive after each run. It must be ascertained that all pipe joints, connections and all other parts of the
apparatus are air-tight, duplex gauges tested every thirty days,
and that the apparatus is in good working order.
24. Air Pump. The air pump must be tested under pressure, and if found to be working imperfectly in any respect, it
must be put into thoroughly serviceable condition.
25. Pump Governor. The pump governor should cut off
the steam supply to the pump when authorized pressure has been
obtained.
26. Brake Valve. This valve must be. kept clean and known
to be in working order in all its positions, before the locomotive
leaves the engine-house.
27. Adjustment of Brakes. The driver brakes must be so
adjusted that the piston travel on the cam type will be not
less than 2 inches nor more than 31 inches, and in other forms
not less than 4 inches nor more than 6 inches. When the cam
brake is used, care must be taken to adjust both cams alike, so that
the point of contact of the cams shall be in line with the piston
rod. The tender brake mast be adjusted by means of the dead
truck levers, so that the piston travels not less than six inches
when the air brake is applied and the hand brake is released. This
adjustment must be made whenever the piston travel is found to
exceed nine inches.
28. Brake Cylinders and Triple Valves. These must be examined, cleaned and lubricated at least once every six months.
A record must be kept of the dates of the last cleaning and lubrication of these parts for each locomotive.
29. Draining. The main reservoir, and also the drain cup
in the train pipe under the tender, must be drained of any acen mul at ion after each trip. The auxiliary reservoirs and triple
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valves must also be drained frequently, and daily in cold weather,
and the train pipe under the engine and tender blown out.
30, Air Signal. The train air signal apparatus must be
examined and tested by suitable appliances from both the head of
the engine and the rear of the tender, to know that the whistle responds properly. A pressure gauge must be applied to the air signal pipe once each month, and oftener if found to be necessary,
to ascertain that the reducing valve maintains the authorized pressure per square inch in tile train signal pipe.

signal the engineman to release the brakes. (In testing passenger
brakes the American Railway Association train air signal whistle
code for applying or releasing must be used, one of which signals
must be given from the discharge valve on the rear car.) He
must then again examine the brakes upon each car to note that all
have released. If any defect is discovered, it must be corrected
and the testing of the brakes repeated, until they are found to
work properly. The inspector must then inform both the engineman and conductor of the number of ears with brakes in good
order.
This examination must be repeated if any change is made
in the makeup of the train before starting.
HIGH SPEED REDUCING VALVES ON LOCOMOTIVES AND TENDERS must be tested at least once every
month, and adjusted to authorized pressure, if necessary, and
cleaned and lubricated at least once in three months, and oftener
if tests show that same is necessary.
33. Cleaning Cylinders and Triple Valves. The brake cylinders and triple valves must be kept clean and free from gum.
They must be cleaned and lubricated as often as once in six
months upon passenger cars, and once in twelve months upon
freight cars. Tlue dates of the last cleaning and lubrication must
be marked with white paint on the cylinder or reservoir, in the
space loft opposite the words:
Cylinder, cleaned and lubricated
Triple, cleaned and lubricated
The triple valves and auxiliary reservoirs must be frequently
drained, especially in cold weather, by removing the plug in the
bottom of the triple valve and opening the bleed cock in the
reservoir.
34. Graduating Springs. The graduating springs in the
Westinghouse quick-action freight triple valves are .049-inch in
diameter, nickeled-steel wire, 16 coils, 21 inches free height,
29-64-inch inside diameter, and in passenger .08-inch diameter,
nickeled-steel wire, 131 coils 211 inches free height, 29-64 inch
inside diameter. Tne graduating springs used in the Westinghouse plain valve in locomotive service are made of phosphor-
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E.—INSTRUCTIONS TO INSPECTORS.
31. General. It is the duty of all inspectors to see that the
couplings, the pipe joints, the triple valves, the high speed reducing valve, the conductor's valves, the air signal valves, and all
other parts of the brake and signal apparatus are in good order,
of standard size for the ear and free from leaks. For this purpose they must be tested under the full air pressure as used in
service. No passenger train must be allowed to leave a terminal
station with the brake upon any ear cut out, or in a defective condition, without special orders from the proper officer.
If a defect is discovered in the brake apparatus of a freight
car, which cannot be held long enough to give time to correct such
defect, the brake must be cut out and the car properly carded, to
call the attention of the next inspector to the repairs required.
Special rules will specify the smallest proportion of freight
cars, with the air brakes in good condition, which may be used in
operating the train as an air brake train.
32. Making up Trains and Testing Brakes. In making up
trains, the couplings must be united and the cocks at the ends of
the cars all opened, except at the rear end of the last car, where
the cocks must be closed ; the inspector must know that the air
is passing through the pipes to the rear end, and that the couplings
are properly hung up to the dummy couplings, if so equipped.
After the train is fully charged, the engineman must be requested
to apply the brakes. When the brakes have been applied, they must
be examined -upon each car to see that they are applied with proper
piston travel. This having been ascertained, the inspector must

,
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bronze wire, .083-inch in diameter, 12 coils, 2i inches free height,
25-64-inch inside diameter.
35. Adjustment of Brakes. The slack of the brake shoes
must be taken up by means of the dead truck levers.
In taking up such slack it must be first ascertained that the
hand brakes are off, and the slack is all taken out of the upper
connections, so that the truck levers do not go back within
one inch of the truck timber or other stop, when the piston of the
brake cylinder is fully back at the release position. When under a
full application the brake piston travel is found to exceed nine
inches upon passenger or freight cars, the brake shoe slack must
be taken up and the adjustment so made that the piston shall
travel not less than six inches. In taking up the brake shoe slack
it must never be taken up by hand brakes. Where automatic
slack adjusters are applied to any car, such adjuster must be fully
released before the slack is taken up elsewhere.
36. Braking Power. Where the cylinder lever has more
than one hole at the outer ends, the different holes are for use upon
cars of di fferent weights.
It must be carefully ascertained that the rods are connected
to the proper holes, so that the correct braking power Shall be exerted upon each car.
37. Repair Parts. Inspectors must keep constantly on hand
for repairs a supply of all parts of the brake and signal equipment that are liable to get out of order.
3$. Hanging up Hose. Inspectors must see that, when cars
are being switched or standing in the yard, the hose is coupled
between the cars or properly secured in the dummy couplings,
when cars are so equipped.
39. Responsibility of Inspectors. Inspectors will be held
strictly responsible for the good condition of all the brake and
signal apparatus upon cars placed in trains at their stations;
they will also make any examination of brake apparatus or repairs to the same which they may be called upon to do by
trainmen.
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General Questions Regarding the Use of the Air
Brake and Train Air Signal.
GENERAL.
(All parties who have to do with the use, adjustment, care
or repairs of air brakes should be thoroughly examined on these
questions, in addition to the special questions for each class of

men following them.)
1. Question. What is an air brake?
Answer. It is a brake applied by compressed air.
2. Q. How is the air compressed?
A. By an air pump on the locomotive.
3. Q. How does the compressed air apply the brakes?
A. It is admitted into a brake cylinder on each car, and it
pushes out a piston in that cylinder, which pulls the brake on.
4. Q. How does the piston get back when the brakes are
released ?
A. There is a spring around the piston rod which is compressed when the brakes are applied, and when the air is allowed
to escape to release the brakes, this spring reacts and pushes the
piston in again.
5. Q. Where is the compressed air kept ready for use in
the automatic air brake?
A. In the main reservoir on the locomotive, in the smaller
or auxiliary reservoir on each car, and in the train pipe.
6. Q. Where does the compressed air come from directly
that enters into the brake cylinder when the automatic brake is
applied
A. It comes from the auxiliary reservoir on each car in
service application, and from the auxiliary reservoir and train
pipe in emergency application.
7. Q. How does it get into the auxiliary reservoir I
A. It is furnished from the main reservoir on the locomotive through the train pipe and triple valve when the brakes
are released.
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8. Q. How is the automatic brake applied and released?
A. The automatic brake is applied by reducing the air
pressure in the train pipe below that in the auxiliary reservoir,
and is released by raising the train pipe pressure above that remaining in the auxiliary reservoir.
9. Q. Why does the compressed air not enter directly into
the brake cylinder from the train pipe?
A. Because the triple valve used with the automatic brake
prevents the air from entering directly from the train pipe to
the brake cylinder when the pressure in the train pipe is maintained or increased.
10. Q. What other uses has the triple valve?
A. It causes the brake cylinder to be opened to the atmosphere under each car, to release the brakes when the pressure in
the train pipe is made greater than that in the auxiliary reservoir,
and it opens communication from the train pipe to the auxiliary
reservoir by the same movement ; when the pressure in the train
pipe is reduced, it closes the openings from the train pipe to the
auxiliary reservoir and from the brake cylinder to the atmosphere, and then opens the passage between the auxiliary reservoir
and the brake cylinder by the same movements, so as to admit the
air and apply the brakes.
11. Q. How many forms of triple valves are there in use,
and what are they called ?
A. Two; the plain triple and the quick-action triple.
12. Q. How can you tell the plain triple from the quickaction triple?
A. The plain triple has a four-way cock in it, with a handle
for operating the cock; the quick-action triple has no such cock
in it, but there is a plug cock in the cross-over pipe leading from
the train pipe to the triple, when the quick-action triple is used.
13. Q. What are these cocks for in both cases?
A. They are to be used to cut out brakes on one car, without
interfering with other brakes on the train, if the brake on that
car has become disabled.
14. Q. How does the cock handle stand in the plain triple
when the pipe is open for automatic action?
A. It stands in a horizontal position.
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15. Q. In what position does the same handle stand when
the brakes are cut out by closing the cock?
A. It stands at an inclined position midway between horizontal and vertical.
16. Q. How does the handle in the plug cock in the crossover pipe, used with the quick-action triple, stand for automatic
action ?

A. It stands with the handle crosswise with the pipe, and
the groove in plug lengthwise when cock is open.
17. Q. How does the handle and groove stand when the
cock is closed and brake cut out of action ?
A. It stands with the handle lengthwise of cross-over pipe,
and the groove crosswise when closed.
18. Q. How is the train pipe coupled up between the cars ?
A. By means of a rubber hose on each end of the train pipe,
fitted with a coupling at the loose end.
19. Q. How is the train pipe closed at the rear end of the
train ?
A. By closing the cock in the train pipe at the rear end of
last car.
20. Q. How many such train pipe cocks are there to a car,
nn the air brake train pipe and on the air signal train pipe, and
why?
A. Two for each pipe on each car, because either end of any
car may sometimes be at the rear end of the train.
21. Q. How many kinds of train pipe cocks are there in use
at the ends of the cars?
A. Two.
22. Q. Describe each and give the position of the handle
and groove for open and closed in each case.
A. The older form of train pipe cock is a straight plug cock
in the train pipe, not far from the hose connection; the handle
stands crosswise with the pipe when it. is open, and lengthwise
with the pipe when closed; it is now found principally on the air
signal pipe. The other form of train pipe cock now used on
the air brake pipe is an angle cock placed at the end of the train
pipe and close to the hose. The handle of the angle cock stands
lengthwise with the pipe when open, and crosswise with the pipe
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when closed. The groove is also a guide to tell whether open
or closed.
23. Q. What uses have these train pipe cocks besides to
close the pipe at the end of the train ?
A. They are used to close the train pipe at both . sides of
any hose coupling which is to be parted, as when the train is cut
in two.
24. Q. Why is it necessary to close the train pipe on both
sides of the hose coupling before it is parted ?
A. To prevent the escape of air from the train pipe, which
would apply the brakes.
25. Q. How must the hose coupling be parted when it is
necessary to do so, and wh7?
A. The air brake must first be released on the train from
the locomotive, then the adjacent train pipe cocks must both be
closed and the coupling must be parted by hand, to prevent the
possibility of injury to the rubber gasket in the coupling.
26. Q. Why must the brakes be fully released before uncoupling the hose between the cars
A. Because if the brakes are applied upon a detached car
they cannot be released without bleeding the auxiliary reservoir.
27. Q. In coupling or uncoupling the hose between the
cars, what must be done if there is ice on the couplings?
A. The ice must first be removed and the couplings thawed
out, so as to prevent injury to the rubber gaskets in uncoupling,
and to insure tight joints in coupling the hose.
28. Q. What must be done with a Lose coupling which
is not coupled up, such as the rear hose of a train, or any loose
hose on a ear which is standing or running, but. not in use ?
A. It must be placed in the dummy coupling if provided for
in such manner that the flat pad on the dummy will close the opening in the coupling.
29. Q. What pressure should be carried in the train pipe
and auxiliary reservoir?
A. The authorized pressure, as per special instructions.
30. Q. Why should the authorized pressure be maintained ?
A. Because this pressure is necessary to get the full brak-

ing force which each ear is capable of using, and, if it be exceeded,
there will be danger of sliding the wheels.
31. Q. Ilow much pressure can be obtained in the brake
cylinder by the service application of the brakes with seventy
pounds pressure in the auxiliary reservoir ?
A. About fifty pounds to the square inch, with an 8-inch
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piston travel.
:32. Q. Why can only fifty pounds pressure be obtained
under these circumstances ?
A. Because the air at seventy pounds pressure in the
auxiliary reservoir expands into an additional space when the
auxiliary reservoir is opened to the brake cylinder, and when the
pressure has become equalized it is thus reduced to fifty pounds.
33. Q. How much must the train pipe pressure be reduced,
in order to get fifty pounds pressure in the brake cylinder, in
ordinary service?
A. Twenty pounds.
34. Q. Can the brakes be applied so as to get only a portion
of this fifty pounds pressure in the brake cylinder, and how ?
A. They can be so applied by reducing the train pipe pres•
sure less than twenty pounds.
35. Q. If the train pipe pressure be reduced ten pounds,
what wilt be the pressure in the brake cylinder ?
A. About twenty-five pounds.
36. Q. How is this graduated action obtained ?
A. By means of the graduating valve in the triple valve.
37. Q. Is it important to keep all the air brake apparatus
tight and free from leaks?
A. Yes.
38. Q. Why is this important ?
A. In order to get full service from the air brakes, and to
prevent the waste of air, and also to prevent the brakes applying
automatically by reason of leak in the train pipe.
39. Q. Is it important to know that the train pipe As
cpen throughout the train and closed at the rear end before starting out ?
A. Yes, this Is very important.
40. Q. Why is this very important?
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A. Because if any cock in the train were closed, all the
brakes back of the cock which is closed would be prevented from
working.
41. Q. How can you ascertain that the train pipe cocks
are all open when the train is made up?
A. By testing the brakes; that is, by applying and releasing them, and observing whether they all operate.
42. Q. Do you understand that no excuse will be acceptable
for starting out the train without first testing the air brakes?
A. Yes.
43. Q. Why is this rule absolute?
A. Became the safety of passengers and of property depends upon the brakes being properly coupled up and in an operating condition before the train is started.
44. Q. At -what other times should the brakes be tested?
A. After every change in the makeup of the train and before starting the train down certain designated grades.
45. Q. From where does the air signal apparatus receive
i t s pressure ?
A. From the main air reservoir through the reducing valve.
46. Q. How much air pressure should be carried in the air
signal train pipe ?
A. The authorized pressure.
47. Q. Is it important that this train pipe and its connection be also kept tight ?
A. Yes.
48. Q. After taking up the slack of the brake shoes, how
far should the brake piston travel in the cylinders on cars and
tenders with a full application of the brake?
A. Not less than six inches, nor more than nine inches.
49. Q. What would happen if the piston traveled less than
six inches when brakes are fully applied ?
A. A partial application of the brakes might not force the
piston beyond the leakage groove in the brake cylinder provided
for the escape of small amounts of air.
50. Q. Why should the piston travel not be permitted to
exceed nine inches on passenger cars, tenders, or freight cars ?
A. Because if it travels further than this when sent out, a
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little wear of the brake shoes will cause the piston to travel far
enough to rest against the back cylinder head when the brakes
are applied, and this cylinder head would then take the pressure
instead of its being brought upon the brake shoes.
51. Q. How far should the driver brake piston travel with
a full application of the brakes and why ?
A. Not less than two inches nor more than three and onehalf inches for the cam type of brake, and from four to six inches
for other forms.
52. Q. If the brakes stick upon any car so that the engineman cannot release them at. any time, how should they be released ?
A. By opening the release cock in the auxiliary reservoir
and holding it open until air begins to escape from the triple
valve, and then closing it again.
53. Q. What is the pressure retaining valve, and what is
its use ?
A. The pressure retaining valve is a small valve placed at
the end of a pipe from the triple valve, through which the exhaust
takes place from the brake cylinder. It is used to retard the brake
release on heavy grades, and holds the brakes partially applied,
so as to allow more time for the engineman to recharge the auxiliary reservoir.
54. Q. What precautions are necessary on every train in
regard to hose couplings ?
A. Every train must carry at least two extra hose and
couplings complete, for use iu replacing any hose couplings which
may fail or become disabled. These extra hose and couplings are to
be carried on such part of the train as is required by the rules
and regulations.
SPECIAL FOIL ENGINEMEN.
55. Q. How should the air pump be started ?
A. It should be started slowly, so as to allow the condensation to escape from the steam cylinder and prevent pounding,
which is more likely to occur when the air pressure is low.
56. Q. Why should the piston rod on the air pump be kept
thoroughly packed ?
A. To prevent the waste of air and steam.
•

1642

AIR BRAKE INSTRUCTIONS.

AIR _BRAKE INSTRUCTIONS.

57. Q. How should the steam cylinder of the air pump be
oiled, and what kind of oil should be used ?
A. It should be oiled as little as necessary through a sightfeed lubricator, and cylinder oil should be used.
58. Q. How should the air cylinder of the air pump be
oiled ? What kind of oil?
A. It should be supplied with valve oil as often as necessary, through a cup provided for that purpose. Also, a well saturated swab should be kept on the piston rod. Lard oil and other
animal or vegetable oils should not be used, as their use causes
the brake valve and the triple valves to gum up. The oil must
never be introduced through the air inlet ports, as this practice
would cause the pump valves to gum up.
59. Q. What regulates the train pipe pressure?
A. The train pipe governor, or feed valve, provided for that
purpose.
60. Q. Why should the authorized pressure be carried in
train pipe?
A. Because this pressure produces the strongest safe pressure of the brake shoes upon the wheels. A higher train pipe pressure is liable to cause the wheels to slide.
61. Q. What does the feed valve attachment on the brake
valve accomplish ?
A. When properly adjusted it restricts the train pipe
pressure to the authorized amount, with the brake valve handle
carried in running position.
62. Q. How often should the break valve be thoroughly
cleaned and oiled ?
A. At least once every two months.
63. Q. If the main valve in the break valve is unseated
by dirt or by wear, what may be the result, and what should be
done?
A. It may be possible to get the excess pressure; when the
brakes have been applied they may keep applying harder nntil
run on, or when they have been applied they may release. The
main valve should be thoroughly cleaned, and if worn it should
be faced to a seat.

64. Q. If the piston in the brake valve becomes gummed
up or corroded from neglect to clean it, what will be the result?
A. It will be necessary to make a large reduction of pressure through the preliminary exhaust port before the brakes will
apply at all, and then the brakes will go on too hard and will have
to be released.
65. Q. How and why should the train pipe under the
tender always be blown out thoroughly before connecting up the
train ?
A. By opening the angle cock at the rear end of the tender
and allowing the air from the main reservoir to blow through.
This blows out the oil, water, scale, etc., which may accumulate
in the pipe, and which would be blown back into the train pipe
and triple valves if not removed before coupling to the train.
66. Q. When the locomotive is coupled to the train, why is
it necessary to have excess pressure in the main reservoir ?
A. So that the brakes will all be released and the train
quickly charged when the engineman's valve is placed in the
release position.
67, Q. Why should the driver brakes be operated automatically with the train brake?
A. Because it adds greatly to the breaking force of the
train, and the brakes can be applied alike to all the wheels for
ordinary stops, and in an emergency the greatest possible breaking force is at once obtained by one movement of the handle.
68. Q. In making a service application of the brakes, how
much reduction of the train pipe pressure from seventy pounds
does it require to get the brakes full on?
A. About twenty-five pounds reduction.
69. Q. What should the first reduction be in such an application?
A. Not less than five pounds, so as to insure moving the
pistons in the brake cylinders past the leakage grooves.
70. Q. What is the result of making a greater reduction
of pressure than twenty-five pounds?
A. A waste of air in the train pipe, without getting any
more breaking force, and therefore requiring more air to release
the 'brakes.
105
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71. Q. How many applications of the brakes are necessary
in making a stop?
A. One or two applications.
72. Q. Why is it dangerous to apply and release the air in
the brakes repeatedly in making stops ?
A. Because every time the brakes are released the air in
the brake cylinders is thrown away, and if it is necessary to apply
them again before sufficient time has elapsed to recharge the auxiliary reservoirs the application of the brakes will be weak, and
after a few such applications the brakes are almost useless on
account. of the air having been exhausted from the auxiliary
reservoirs.
73. Q. In releasing and recharging the train, how long
should the handle of the brake valve be left in the release position ?
A. Until the train pipe pressure has risen nearly to authorized pressure.
74. Q. In making service stops with passenger trains, why
should you release the brakes just before coming to a full stop?
A. So as to prevent stopping with a lurch; it also requires
less time for the full release of the brakes after stopping.
75. Q. In making stops with freight trains, why should
the brakes not be released until after the train has come to a full
stop?
A. Because long freight trains are apt to be parted by
releasing the brakes before rear brakes are fully released.
76. Q. In making service stops, why must the handle of
the brake valve not be moved past the position for service application?
A. So as to prevent unnecessary jerks to the train, and the
emergency action of the triple valve when not necessary.
77. Q. If you find the train dragging from the failure of
the brakes to release, bow can you release them ?
A. By placing the handle of the brake valve in full release
position for a few seconds and returning it to the running position, if the train pipe pressure is not up to the authorized
amount; but if maximum pressure is in train pipe, the brakes
should be applied with from five to ten pounds reduction, accor

ding to the length of train pipe, and released in the usual manner.
78. Q. When the brakes go on snddenly when not operated
by the brake valve, and the gauge pointer falls back, what is the
cause, and what should you do?
A. Either a hose has burst, or a conductor's valve has been
opened; or the train has parted. In any event, the engine throttle should be dosed, and the handle of the brake valve should immediately be placed on lap position to prevent escape of air from
main reservoir.
79. Q. Are the brakes liable to stick after an emergency
application and why?
A. The brakes are harder to release after an emergency
application because they are on with full force, and it requires
higher pressure than usual in the train pipe to release them again.
In this case it is necessary always to have in reserve the excess
pressure of the main reservoir to aid in releasing the brakes.
With the quick-action triple valve this is especially necessary,
because air from the train pipe as well as from the auxiliary reservoir is forced into the brake cylinder when a quick application
of the brake is made, thus increasing the pressure in the brake
cylinder without the usual reduction of pressure in the auxiliary
reservoir, and requiring a correspondingly high pressure in the
train pipe afterward to cause the brakes to be released.
80. Q. In using the brakes to steady the train while descending grades, why should the air pump throttle be kept well
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open?
A. So that the pump may quickly accumulate a full pressure in the main reservoir for use in recharging the train pipe
and auxiliary reservoir when the brakes have been released again.
81. Q. In descending a grade, how can you best keep the

train under control ?
A. First, by commencing the application of the brakes
early, so as to prevent too high a speed being reached; secondly,

by making an initial reduction that, will lightly apply all brakes
in the train, and by slowing the train clown just before it is
necessary to charge the auxiliary reservoir, so as to give time
enough to refill same before much speed is again attained.

82. Q. If the train is being drawn by two or more loco-
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motives, upon which locomotive should the brakes be controlled,
and what must the engineman of the other locomotive do ?
A. The brakes must be controlled by the leading locomotive, and the engineman of the following locomotive must close
the cock in the train pipe just below the brake valves. The latter
must always keep the ;pump running and in order, and 11:i a i res-

89. Q. Should the train pipe pressure exceed the maxiwhere would you look for the cause of the trouble?
A. In the devices controlling train pipe pressure.
90. Q. How often must the main reservoir and the drain
cup under the tender be drained ?
A. After each trip.
91. Q. How often must the triple valves and the cylinders
of the driver and tender brakes be cleaned and lubricated ?
A. They must be thoroughly cleaned and lubricated once
every six months. If the driver brake cylinders are so located
that they become hot from the boiler, they may require lubrication more frequently.
92. Q. If there are any leaks in the pipe joints or anywhere in the apparatus, what must you do?
A. Repair them before the locomotive goes out.
93. Q. How is the brake shoe slack of the cam driver brake
taken up, and what precautions are necessary ?
A. By means of the cam screws, and it is necessary to
lengthen both alike, so that when the brake is applied the point
of contact with the cams will be in a line with the piston rod.
94. Q. How is the brake shoe slack of driver brakes on a
locomotive with more than two pairs of driving wheels taken up?
A. By means of a turnbuckle or screw in the connecting
rods.
95. Q. How is the slack of the tender brake shoes taken up ?
A. By means of the dead truck levers; if they will not take
it up enough, it must be taken up in the underneath connection,
and then adjusted by the dead lever.
96. Q. How far should the driver brake piston travel in
applying the brakes ?
A. Not less than two inches, nor more than three and onehalf inches with the cam type of brake, and from four to six
inches with other forms.
97. Q. What travel of piston should the tender brakes be
adjusted for ?
A. Not less than two inches, nor more than three and onehalf inches with the cam type of brake, and from four to six
inches with other forms.
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ervoir charged with pressure, with the brake valve -in the running position, so that he may quickly operate the brakes if called

upon to do so.
83. Q. If the air signal whistle gives only a weak blast,
what is the probable cause?
A. Either the reducing valve is out of order, so that the
pressure is considerably less than forty pounds, or the whistle
itself is filled with dirt, or not properly adjusted, or the port
under the end of the signal valve is partly closed by gum or dirt.
84. Q. If the reducing valve for the air signal is allowed
to become clogged up with dirt, what will the result probably be?
A. The signal pipe might get the full main reservoir pressure, and the whistle will blow when the brakes are released.
85. Q. If you discover any defect in the air brake or
signal apparatus while on the road, what must be done ?
A. If it is something that can not be readily remedied at
once, it must be reported to the enginehouse foreman as soon
as the run is completed.
86. Q. What is the result if water be allowed to collect in
the main reservoir of the brake apparatus ?
A. The room taken 'tip by the water reduces the capacity
for holding air, and the brakes are more liable to stick. In cold
weather also the water may freeze and prevent the brakes from
working properly.
SPECIAL FOR ENGINE REPAIRMEN.

87. Q. How often must the air brake and signal apparatus
on locomotives be examined ?
A. After each trip.
88. Q. Under what pressure must it be examined/
A. Under full pressure.

mum,
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SPECIAL FOR TRAINMEN.
98. Q. How should you proceed to test the air brakes b6
fore starting out, after a change in the make-up of a train, ca
before descending certain specially designed grades ?
A. After the train has been fully charged with air, tht
engineman must be required to apply the brakes; when he has
dorm so the brakes must be examined -upon each car to see that
the air is applied, and that the piston travel is not less than six
nor more than nine inches. The engineman must then be required to release the brakes; after he has done so, each brake must
be examined again to see that all are released. The enginemau
and conductor must then be notified that the brakes are all right,
if they are found so. (In testing passenger brakes, the American Railway Association train air signal whistle code for applying or releasing must be used, one of which signals must be given
from the discharge valve on the rear car.)
99. Q. In starting out a passenger train from an inspection
point, how many cars must have the brakes in service?
A. Every car in the train.
100. Q. When might you cut out a brake upon a passenger
car ?
A. Never, unless it gets out of order while on the run, in
which case it must be reported to the inspector at the end of the
run, or upon the first opportunity which may give sufficient time
to repair it.
101. Q. If a hose bursts upon the run, what must be done,
if the train is in a safe place ?
A. The hose must first be replaced by a good one, and the
engineman then signaled to release the brakes. The train must
not proceed until the brakes have been reconnected and tested
upon the train to see that all are working properly.
102. Q. If the train is not in a safe place when the hose
bursts, what must be done?
A. The train pipe cock immediatdy ahead of the burst
hose must be closed and the engineman signaled to release the
brakes. The brakes at the rear of the burst hose must then be
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released by bleeding the auxiliary reservoirs, and the train must
then proceed to a safe place to replace the hose and connect up
the brakes, after which the brakes must be tested.
103. Q. If the train breaks in two, what must be done ?
A. The cock in the train pipe at the rear end of the first
section must be closed and the engineman signaled to release the
brakes. The two parts of the train must then be coupled, the
hose connected and the brakes again released by the engineman.
When it is ascertained that the brakes are all released, the train
may proceed.
104. Q. Explain how the pressure-retaining valves are
thrown into action or thrown out of action, and when this must
be done.
A. The pressure-retaining valve is thrown into action by
turning the handle of the valve to a horizontal position, and it
is tin-own out of action again by placing this handle in a vertical
position pointing downward. This handle should be placed in a
horizontal position at the top of a heavy grade, and it should
always be returned to a vertical position at the foot of the grade,
as otherwise the brakes will drag on any cars which still have the
handle of the pressure-retaining valve in the horizontal position.
105. Q. If the brake of any car is found to be defective on
the run, how should you proceed to cut it out ?
A. By closing the cock in the cross-over pipe of the quickaction brake, or in the triple valve of the plain automatic brake,
and then opening the release cock in the auxiliary reservoir upon
that car, leaving it open, if a passenger ear, or holding it open
until all the air has escaped from it, if a freight ear.
106. Q. When at is necessary to cut out a defective brake
upon a car. why should it always be cut out at the triple valve
and never by the- train-pipe cock at the end of the car, even if it
is the last car of the train?
A. The train pipe should always be open from the locomotive to the rear end of the last car, so that if the train breaks in
two the brakes will be automatically applied before the parts of
the train have separated sufficiently to permit damage to be done
by their coming together again, and so that the brakes may be applied with the eonductoes valve upon any car.
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107. Q. Should the train pipe burst under any car, what
must be done?
A. The train must proceed to the nearest switching point,
using the brakes upon the cars ahead of the one with the burst
pipe, where the car with the burst pipe must be switched to the
rear of the train; the hose must then be coupled up to the rear car
and the cock at the rear end of the next. to the last car opened, and
the cock at the forward end of the last ear closed, so that if the
train should part between the last two cars he brakes will be applied.
108. Q. What is the conductor's valve, and what is its use?
A. It is a valve at the end of a pipe leading from the trainbrake pipe upon each passenger car ; it is to be opened from the
car in any emergency when it is necessary to stop the train
quickly, and only then. When used it should be held open until
the train is stopped, and then it should be closed.
109. Q. What is the air signal for, and how is it operated ?
A. It is to signal the engineman, in place of the old gong
signal, and it is operated by pulling directly downward on the
cord for one second and releasing immediately, allowing three full
seconds to elapse between pulls.
110. Q. If the discharge valve on the air-signal system is
out of order, or leaking, on any car, how can you cut it out ?
A. By closing the cock in the branch pipe leading from the
train-signal pipe to the discharge valve; to do so the handle of
this cock should be placed lengthwise with the pipe.
111. Q. How is the slack taken up so as to secure the proper adjustment of piston travel?
A. By means of the dead-truck lever, and if that is not
sufficient, one or more holes must be taken up in the underneath
connection and the adjustment then made by the dead-truck lever.
Where automatic slack adjusters are applied to any car, such adjuster must be fully released before the slack is taken up elsewhere.

A. I do.
113. Q. Why is it important that no leaks should exist
in the air brake service ?
A. Because they would interfere with the proper working
of the brakes and might cause serious damage.
114..Q. What must he done with the air brake or air-signal
couplings when not united to other couplings on cars equipped
with dummy couplings?
A. They must he secured in the dummy couplings so that
the face of the dummy coupling will cover the opening of the hose
coupling in order to prevent dust and dirt from entering the hose.
115. Q. If the air issues from the exhaust port of the
quick-action triple valve when the brakes are off, what is the
cause ?
A. It is probably due to dirt on the rubber-seated emergency valve.
116. Q. How often must the cylinder and triple valves be
examined, cleaned and lubricated ?
A. As often as once every six months on passenger cars and
once in twelve months on freight cars. The dates of the last
cleaning and lubrication must be marked with white paint on the
cylinders.
117. Q. What. is the difference between the quick-action
passenger and freight triple valve ?
A. The passenger triple valves have larger ports and slide
valves.
118. Q. How may a passenger triple valve be distinguished?
A. By having one exhaust outlet, or suitable lettering designating the class of service.
119. Q. How may a freight triple valve be distinguished?
A. By its two exhaust outlets, one being plugged.
120. Q. When should the graduating spring of the triple
valve be replaced with a new one ?
A. When it is worn or rusted out, or not of standard size.
121. Q. To what travel of piston must the brakes be adjusted ?

SPECIAL FOR INSPECTORS.
112. Q. Do you understand that no passenger train may
be started out with any of the brakes cut out of service'?
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A. Not less than six inches, and this adjustment must be
made whenever the piston travel is found to exceed nine inches.
122. Q. How is the slack taken up so as to secure this
adjustment ?
A. By means of the dead-truck lever, and if that is not sufficient, one or more holes must be taken up in the underneath connection and the adjustment then made by the dead-truck lever.
Where automatic slack adjusters are applied to any car, such adjuster must be fully released before the slack is taken up elsewhere.
123. Q. What are the different holes in the outer end of
the cylinder levers for, and why must the connections be pinned
to the proper hole for each ear?
A. These holes are to enable the adjustment of the brake
pressure to be made according to the weights of the different. cars.
The connection must be made to the proper hole in each case, according to the weight of the car, so as to give proper braking
power, otherwise the brake will be inefficient, or the wheels may
be slid under the cars.
124. Q How many sizes of high speed brake-reducing
valves are there in use, and how will it be known. to which size of
cylinders they should be connected ?
A. There are three sizes, namely, one for 8-inch, one for
10-inch and 12-inch and a third for 14-inch and 16-inch cylinders,
and they can be distinguished by the raised figures cast on their
body.
125. Q. To what pressure must the high speed brakereducing valve be adjusted on passenger equipment cars?
A. The authorized pressure.
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2. If a piston-rod breaks, what is the quickest way to effect
temporary repairs ?
A. The commonest form of piston-rod breakage is through
the key-way, and this generally results in the breakage of the front
cylinder cover. Disconnect the valve rod, place the valve in its
central position, and clamp the valve stem so that the valve cannot
move. Remove loose parts of cylinder head or any likely to fall
into cylinder. Remove broken rod and piston, and take as much
of train as can be pulled. If any part of train is left on the road,

.0
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1. What is the first duty of the train crew in case of accident
on the road ?
A. When the train has been stopped, a flagman should always
be sent out to protect the rear of the train, and on a single-track
road a flagman should be sent out ahead when necessary, in order to
fully protect the train. If the accident occurs on a double-track
road, a flagman should be sent out to protect the rear of the train.
If both tracks are fouled, a flagman should be sent out in both directions. Flagmen should be sent out regardless of whether the road
is block signalled or not. If the accident is serious enough to
require considerable time to make temporary repairs, or if outside
assistance is required, a message to the train dispatcher should
be sent from the nearest telegraph station without loss of time.

a rear flagman must be left to protect it.
3. Broken steam chest or steam chest cover ?
A. If the cover or chest is only cracked, it may save time
to continue the trip to the nearest station, even if a good deal of
steam be lost; but if the break is serious, open smoke-box door,
slack the bolts of the branch pipe lower joint and insert a piece of
1653
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sheet iron in the joint, the flat portion of an old coal scoop will do.
If a suitable piece of sheet iron cannot be obtained, take out the
ball ring of the joint and insert a piece of board in its place, and
tighten down. Disconnect valve rod, clamp valve in its central
position, and oil cylinder through indicator plug holes, if there are
any, or slack the front cylinder cover and pour in a quantity of
oil and tighten up and proceed.
4. Broken valve yoke or stem?
A. Disconnect the valve rod, take up steam chest cover, block
valve in central position by pieces of wood cut so as to reach valve
from front and back walls of steam chest. If cylinders have been
bored for indicator pipes, take out plugs and oil through holes.
If not, slack off front cylinder cover and pour a quantity of oil
through opening.
5. Broken side rod ?
A. Remove broken parts of the rod, and take down corresponding sections on opposite side of engine. Care must be taken
when disconnecting engines that have three or more driving wheels
on one side to note the position of the knuckle pin in the side rod.
The section of a side rod containing a knuckle pin can be left up
only if the section ahead of, or back of, the knuckle pin can be
left up. For example, if on a 4-6-0 engine where the knuckle pin
is back of the main crank pin and the side rod broken in the back
section, the side rod could be disconnected at the knuckle pin and
the back section taken down on both sides. If the break occurred
in the front section, the entire side rod on both sides must be taken
down.
If the engine is what is sometimes called " tandem-connected," that is, if the main driving axle does not carry the eccentrics, it follows, as a matter of course, that if the section of the
side rod which drives the wheels and axle carrying the eccentrics
must be taken down, then the engine is helpless and must be towed
in. In such case, both side rods must be taken down, both main
rods disconnected, pistons shoved forward and blocked in the
guides, allowing the body of the main rod to be connected to the
crosshead and carried in the yoke. In blocking the crosshead,
care must be taken to see that the crank pins of the forward drivers
do not strike the stationary crosshead. Tie cylinder cocks open
and close the lubricator.
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6. Broken cylinder head ?
A. If the front cylinder cover breaks, without flying to
pieces, it may be saved by blocking with a heavy piece of wood
against the buffer beam and tightening by wedge driven in between
buffer beam and block, or tightening up may possibly be effected
by the use of a small jack, secured in place with wire. If the
head is badly shattered, proceed as directed in answer to question
No. 2.
If the back bead is broken, but not sufficiently to cause any
danger of the guides getting out of line, it is safe to run with
main rod up, watching closely for any signs of further breakage.
If the back cover is broken so as to have caused damage to the
guides, or if continuing to work steam in cylinder is likely to
cause damage to the guides, etc., take down main rod, disconnect
valve rod, place valve on the center, and clamp valve stem to hold
it there.
7. Broken crank pin?
A. If main crank pin is broken, take down the side rods on
both sides, and if engine is " tandem-connected," follow the procedure outlined in answer to question No. 5.
If eccentrics are on main axle, with main crank pin broken,
take down side rods on both sides, push crosshead ahead and block
it in the guides, taking care to see that crank pin of leading driver
on the disabled side does not strike the crosshead, and run engine
light on good side. If any other crank pin breaks except the
main one, proceed as described in answer to question No. 5, and
pull part of train.
8. Broken relief valve?
A. Take out the broken valve case, drive a wooden plug
tightly in the base of the case to completely block the aperture,
and screw the plugged relief valve case back into its place. If
thread is stripped, plug the hole in chest with a wooden plug
driven in tightly.
B. Broken valve rod gland 1
A. If the gland has broken close to one stud, a wide washer
slipped over the stud may cover the break and hold the gland tight.
If the body of the gland is broken, wind a piece of wire around
the barrel of the gland, and use the valve stem clamp which all
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engines are supposed to carry, having, in this case, bent the beak
or part intended for the valve stem key-way, out of the way, or
break it off.
If a stud has pulled out, change the studs, and both may
hold until you get home. If the good stud will not hold, put it
back where it belongs and try a rough bolt, with washers enough
to bring pressure from the head on the gland.
10. Piston-rod gland?
A. If a lug has broken near a stud, put a wide washer on
and tighten up. If the body of the gland is broken, wrap with
wire, put some waste or canvas into the stuffing-box, and put a
piece of board, notched on one edge for the piston-rod, over the
gland and tighten up. If one stud has pulled out, put the notched
board across the gland and tie each end with double strings of
bell cord or wire and carried round the front end of the cylinder,
and tighten the cords by twisting them. The twisting is accomplished by inserting a bolt or piece of stick between the strings
and turning it round several times.
11. Broken crosshead?
A. With four-bar, or with Laird guide bars, push the piston
ahead and block the crosshead by putting a piece of wood on the
lower guide bar against the crosshead and guide bar block at the
yoke and wrapping bell cord around guide and wood, so as to
prevent the blocking working out. Disconnect the main rod at
the butt end, and allow main rod to rest in yoke, take down strap
and brasses, so that end of main rod will not be struck by revolving main crank pin. Disconnect the valve rod, clamp valve in
central position, and run engine on one side.
If the guide bars are supported by the yoke at the center,
block the crosshead at the back by placing the piece of wood
between crosshead and front guide bar block, and wrap with bell
cord as before. Clamp valve stern as before with valve in central
position, and take down the main rod.
12. Broken crosshead gib?
A. If the engine is running forward the pressure of the
crosshead will be against the top guide bar. If the lower gib is
broken, take it out and substitute a flat piece of hard wood, well
oiled, for the broken gib; cut the wood wide enough to cause the

HINTS ON LOCOMOTIVE ENGINEERING. 1657
crosshead gib plates to grip it and hold it in place. If the top
gib is broken, remove a bottom gib if possible and put it in on
top of the crosshead, and the wooden gib below. If the bottom
gib cannot be removed, put the wooden one in on top and proceed
cautiously, taking care to see that the wooden gib is freely oiled.
If the gibs are held in place by the sides of the crosshead
and are without gib plates, it will be necessary to nail or screw
small strips of wood across the wooden gib at each end, in order
to prevent the gib slipping out endwise. In this case the ends of
the wooden gib must be allowed to project far enough to hold
the strips. Care must be taken to see that there is sufficient clearance for the wooden gib at each end of the stroke.
13. Broken or bent guide yoke 1
A. If this accident interferes with the alignment of the
guide bars, the main rod must be taken down and crosshead
blocked, as described in answer to question No. 11. The valve
must be clamped in central position, and the engine run on one
side.
14. Broken eccentric ?
A. A broken eccentric disables the motion in so far as that
particular eccentric is concerned, and the strap and rod belonging
to it must be taken down. If it is the go-ahead eccentric which
has failed and the engine is running forward, the back-up strap
and rod may be taken down or not, but the valve rod must be
disconnected and the valve must be clamped on its center. If
cylinder is fitted for an indicator, remove plugs and oil through
holes. If not, slack front cylinder cover, oil through opening. If
the back-up eccentric is broken when engine is running forward,
it is possible sometimes, after taking down strap and rod belonging
to the broken eccentric, to drop the reverse lever down to the
" corner " and keep it there, working the engine accordingly,
with a block of wood in the link slot full length and wired in
position to prevent link slipping horizontally on the block, and
the bottom end of link secured with wire forward and back to
prevent swinging.
15. Broken eccentric strap or rod?
A. If the go-ahead strap or rod breaks when the engine Cs
running forward, proceed as outlined in answer to question
No. 14.
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16. Broken connecting rod?
A. Remove the broken parts and block the crosshead forward
or back, as described in answer to question No. 11. Clamp the
valve in its central position.
17. Broken rocker arm or rocker box ?
A. If the box is broken, take it down, remove the rocker,
valve rod and eccentric rods; treat as a case of one side being
disabled and as outlined in answer to question No. 5 or 11.
If direct valve motion is used on the engine, take down transmission bar if eccentric straps and rods are not removed.
18. Broken or sprung link ?
A. In case of broken link, take down link, eccentric strap
and rods, clamp valve in its central position, and oil as described
in answer to question No. 11.
If the link is sprung and if it is of the solid type, proceed
as described above, but if the link is made up of four pieces, slack
bolts at top and bottom of link and insert a washer or washers,
and tighten up so as to widen the link-slot sufficiently to allow the
link-block to work freely when link is raised, and proceed with
train.
19. Broken link-block or link-block pin?
A. Remove broken parts, and proceed as outlined in answer
to question No. 17.
20. Broken saddle pin or link lifter
A. Remove broken parts. Place reverse lever in the corner.
Pit a block of wood between bottom of link-block and bottom of
link. Drive block in tightly, so as to completely fill link slot up
and down, and wire it in position or clamp it in position with
bolt through the wooden block, and with strap on each side of the
link. The engine cannot be reversed from the cab in this condition, but may be reversed by removing wooden block, lifting link
and putting in wooden block above link-block.
21. Disconnected or broken throttle rod ?

W. What appears to be a broken or disconnected throttle
rod may be a cocked valve, which will often be brought back to
its seat if the rod be tapped. If the throttle be disconnected, go
that the valve cannot be closed, reduce steam pressure down to a
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point where you can handle the train with reverse lever and brake,
and take part of train.
If the throttle rod is broken or disconnected, so that the
valve cannot be opened, arrange to be towed in without disconnecting any part of the engine.
22. Broken driving axle?
A. If the broken axle is the main driving axle, connecting
and side rods on the disabled side must come down. The valve
must be clamped in its central position and lubricator on that
side closed. It is assumed that the driving wheel is found broken
off by fracture of the axle close to the outside of the driving box,
so that the wheel has to be thrown down clear of the engine.
Jack up the axle on the broken side and slip a piece of wood
between the under side of the spring saddle and the top of the
frame, in order to take the weight off the broken axle. Take
down driving cellar and block between axle and pedestal brace, so
as not to carry weight of axle on edges of cellar. Use cellar packing on top of this block. Run engine very cautiously. If other
than main axle is broken, block as above, and take down only the
side rods on both sides, which should come down (see answer to
question No. 5). If the engine has under hung springs, block
between frame and top of axle-box. Chain end of equalizer to
bottom rail of frame and take down spring under disabled axle.
If the trailing axle is broken, proceed as outlined above.
Weight of rear of engine can be partly carried on tender. Jack
up rear of engine, and chain a piece of track rail to lower bar of
frame by two chains, one near broken axle and one near back of
frame, and allowing end of rail to extend out under end-sill of
tender, and secure end of rail to end-sill of tender by a chain. In
this way the main drivers and front of tender will carry weight
of engine, which will thus be taken off broken axle. Remove
side rods as outlined in answer to question No. 5, and proceed
cautiously with both main driving wheels working.
23. Broken reach-rod?
A. The engine can be run with reach-rod broken and links
down so as to give valves full travel. If the engine is running
forward and it becomes necessary to back up, lay a bar on top of
frames, and, using a pair of small chains, lift the links, and chain
the lifting arms up to the bar. In some classes of engines it may
10
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be possible to pass the bar over the frames and under the lifting
arms. In running forward, if it is desired to " notch " up the
links, raise them to the required point and chain lifting arms to
bar across frames in the required position, or a pair of blocks
may be put in each link-slot above the link-block and wired there,
as outlined in answer to question No. 20.
24. Broken reverse lever ?
A. Proceed in the manner outlined in answer to question
No. 23.
25. Broken pin or bracket at bottom of reverse lever ?
A. If the bracket is not broken, insert a temporary bolt in
the holes of the bracket and reverse lever. If the bracket is broken
so as to let bottom of reverse lever become loose, remove bracket
and place bottom of reverse lever where it should be, and block
from bottom of reverse lever to back of cab, also block from bottom
of reverse lever to front of cab. It is advisable to cut both these
pieces of wood a little too long, so as to make them lie at an angle
with the cab floor and about a foot or so up at the back and front.
By this means they may be securely wedged in position, and with
a few blows from a hammer they will hold the bottom of the
reverse lever approximately in its proper position.
26. Shackle-bar between engine and tender?
A. Remove broken bar and insert link of heavy chain in the
shackle-bar pocket under the foot plate, and drop pin in place
through the link of the chain. This will give two free ends of
the chain, which should be carried back and secured to the body
bolster of the tender. Take up slack if possible in the safety
chains and have very little slack in the heavy chain, in order to
cause as little jerking as possible when engine starts train. Run
cautiously with part of train.
27. Broken shackle-bar pin?
A. Remove broken pin and remove king-pin from nearest
.at car ; chalk on ear so that the loss of the king-pin may be known.
Wedge top of borrowed king-pin with wood so that it cannot slip
down. Start train carefully and run very cautiously with part
of train. Remember, the fireman has to work practically between
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engine and tender, and good judgment and great care are required
in making this repair.
28. Broken engine truck frames?
A. In case of a four-wheel truck where the frame is broken,
jack up engine to take weight off the tru ck, then block on top of
the truck equalizers with a couple of short rails, which pass from
one side to the other and under the bolster. This will, when the
engine is lowered, transfer the weight from the bolster directly
to the top of the equalizers, and the engine may then be run carefully and slowly.
29. Broken engine truck bolster ?
A. Remove broken bolster and proceed as outlined in answer
to question No. 28; chain rails together to prevent their spreading, but with center casting resting on the short cross rails. The
truck will not readily curve and great care must be exercised in
running the engine. If short rail is not available, it is possible
to chain up each end of the truck bolster to the truck plate, or to
a rail resting across the truck frames.
30. Broken frame?
A. If the engine frame is broken in front of the main driving
axle, disconnect valve rod and clamp valve in its central position.
Disconnect main rod at butt end, block crosshead forward, shut
off lubricator on disabled side, and bring engine in on one side.
If frame is broken back of main driving axle, take down side
rods on both sides, with due reference to the position of the side
rod knuckle, leaving up main rods and front section of side rods.
31. Broken engine truck spring hanger?
A. Remove broken hanger, and chain end of spring up to
equalizer by small chain, passing round equalizer and wader
spring.
32. Broken engine truck spring
A. Jack up engine and place two blocks on top of equalize;
over hanger pins and under engine truck frame. Lower engine
and proceed carefully.
33. Broken engine truck axle or wheel?
A. If break in the axle occurs outside the axle box on a
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four-wheel truck, and is the back pair of the truck, chain axle up
at broken end to engine frame, so that axle box and equalizer are
supported by chain to engine frame. This will leave good wheel
on other side on rail, and if broken end be chained up as high as
it will go, the good wheel will be made to hug the rail. Run
engine very cautiously. If front axle is broken, turn the truck
if possible so broken axle will be at the rear and remove broken
axle, chain truck frames and front of equalizer up to engine frame,
and proceed with great caution.
34. Broken axle of pony truck 9
A. Jack up front of engine and remove truck and block
between forward driving boxes and frame, so that front driving
springs do not carry any weight; chain front of truck equalizer
up so as to keep it out of the way of catching on anything. Procoed cautiously and slowly, as the weight formerly borne by the
pony truck now rests on the forward pair of driving wheels.
35. Broken cross equalizer of 2-6-0 or 2-8-0 engine?
A. Jack up engine and block on top of forward driving axle
boxes and below frames. Thus take weight off forward driving
springs. Place short rail over back end of truck equalizer and
on top of engine frames. Chain back end of equalizer to the
short rail, and see that rail is secured so it cannot shift off frames.
If short rail cannot be had, when engine is jacked up, wedge front
of truck equalizer securely between cylinder saddle and equalizer,
and chain wooden block or wedge firmly in place. Instead of
blocking on top of forward driving boxes, the front ends of both
forward driving springs may be chained down to engine frames.
36. Broken driving spring stirrup or saddle?
A. Block axle box on top and below frame, or below spring
and on top of frame.
37. Broken spring hanger ?
A. Remove broken hanger and chain end of spring to engine
frame, and block under end of equalizer thus freed.
38. Broken driving spring ?
A. Remove broken spring. Block driving box on top and
below frame, and block . under end of equalizer thus freed. If
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underhung spring, remove spring, block on top of box and block
end of freed equalizer or under end of adjacent spring.
39. Broken equalizer or post ?
A. Block both boxes affected on top and below frame. Take
down loose parts and run slowly, as journals are liable to heat.
40. Broken valve seat ?
A. In many cases it is possible to work engine even with
considerable loss of steam. If the valve seat is broken between
the steam port and the outside of the seat, it is then impossible
to prevent steam passing into one end of the cylinder. Disconnect
main rod and push piston to that end of the cylinder to which the
steam leakage would naturally force it. Block crosshead so as to
hold piston in that position, place valve so that steam port adjacent
to the breakage will be open and the exhaust closed by valve.
Block valve in this position. This will keep cylinder full of
steam. This can be done by disconnecting valve rod, putting key
in valve stem, and cutting a piece of wood to fit between key and
gland and securely tieing or wiring wood in place. Shut off
lubricator on disabled side of engine and close and disconnect
cylinder cocks. If the piston is blocked at the front end, the
connecting rod may be left attached to the crosshead and carried
in the guide yoke. If the piston must be blocked at the back end,
take down connecting rod.
41. Broken lifting shaft ?
A. Take down broken shaft, and proceed as in answer to
question No. 23.
42. Key loose in frame splice or cylinder saddle ?
A. If keys have slacked back, drive them in, and where necessary use a thin liner to secure them temporarily, the object being
to insure against danger of bolts shearing.
43. Axle box stuck in jaws?
A. This generally is the result of driving journal becoming
hot. The box in expanding holds fast between the shoe and wedge
in the pedestal jaws. A good way to get the box loose again is to
pall down hard on the wedge by means of the pedestal bolt which
passes through the pedestal binder with a nut on the under side.
Then run the driving wheel up on a piece of wood or iron laid on
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the rail, so that it will drive the box up. When the wheel comes
off the piece of wood or iron, the box will probably pull the wedge
down enough to completely loosen it. If the driving brass is
broken and there is danger of further heating, it may be prevented
by blocking on top of driving box and below frame, or block on top
of frame and under spring saddle to relieve the pressure on the
broken brass.
44. Broken grate bar?
A. If a grate bar is broken at one end, it may be possible to
raise it up and block it as nearly as possible in place with a
piece of iron resting on ash pan. A stone may be used for this
purpose. If this cannot be done, clean fire off broken bar as well
as possible, and throw in a few fish plates and move them with a
poker so as to temporarily cover hole in grate. If grate bar has
broken in the center and cannot be raised, the hole may be filled
with a few stones or pieces of brick sufficiently to prevent the coal
from falling into the ash pan.
45. Broken whistle stem?
A. Bank or deaden fire with fine wet coal, and fill boiler as
full as possible, so that as steam blows off there will be enough
water over the crown sheet to permit of steam being raised again
without the necessity of filling the boiler. When steam pressure
has been sufficiently reduced, take out broken whistle stand, and
if it screws into dome cover, use any plug which will screw in or
an angle cock from a car if it will fit. If the whistle stand bolts
to dome-cap with a ball and socket joint, use piece of sheet rubber
if convenient and piece of sheet iron in the joint, so as to block the
opening and tighten whistle stem down in place. If none of these
things can be done, a hard wood plug, driven tightly in and
securely wired or clamped down to prevent it starting, may be
used, but when running steam pressure should be kept as low as
possible.
46. Burst flue?
A. This will probably mean a dead engine in a very short
time. Draw the fire, and in very cold weather blow off water
through blow-off cock. Take down hose bags and empty tender,
and prepare engine to be towed in. It is not necessary to discon•
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nect anything. Take out relief valves on steam chests and oil
through openings.
47. Leaky flues?
A. If flues leak badly, bran or sawdust mixed with water in
a bucket may be sucked up into injector through overflow. Too
much bran will cause the boiler to foam, and when bran or sawdust has been introduced into the boiler it will be necessary to
constantly open boiler gage cocks and gage glass drain cock to
prevent their clogging, and in order to ascertain actual water
level.
48. How can a piston valve be blocked in its central position?
A. A piston valve can be clamped in its central position in
a manner similar to that of an ordinary D-slide valve, but in case
no damp is available both the steam chest covers should be removed
and the valve placed in its central position, and two pieces of
wood cut so that each will bear against the valve and the chest
covers when put in position again. If the valve has inside admission it will not be necessary to make the cover joints steam-tight.
49. Guide bars broken?
A. In case the guide bars are broken or damaged in such a way
that it is impossible to block the crosshead in them, the piston may
be blocked at the back of the cylinder by taking off the front cylinder cover and pushing the piston to the back of the cylinder ; hold
it there by cutting a piece of board so that it will bear upon the
piston and the cover when it is put back in place.
50. Broken smoke box front ?
A. Take off broken casting and replace it with a series of
boards placed one on top of the other, so that each board touches
the one above it . Cut holes in the boards, so that the smoke box
studs pass through the boards and tighten up with nuts. The
smoke box cannot be made perfectly air-tight in this way, but it
will serve as a temporary repair, so that engine may be run.
.

MISCELLANEOUS.

51. Can cylinder clearance be equalized if one piston-rod is
slightly shorter than the other ?
A. Yes: For it is known that when the piston is exactly
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in the center of its stroke the distance from the center of the wristpin to the center of the main driving axle is the length of the
connecting rod. The length of the connecting rod can be varied
by the use of liners at the butt end. The crosshead clearance will
not be the same on both sides of the engine, nor will it be the same
at. each end of the stroke. Care must be taken to see that the
piston does not strike the cylinder cover. The difference in the
lengths of the two connecting rods will make no practical difference to the engine.
52. Is an engine likely to do itself more damage in slipping
at high speed than at low speed ?
A. At slow speed, when an engine slips, the revolutions of
the driving wheels are more numerous, compared with the distance
the engine moves over, than they are when it slips at high speed.
At slow speed the driving wheels, so to speak, store up energy,
which, when the wheels catch on the rails, is converted into work
in the form of a severe jerk to the train or a bent side rod or
broken pin. When the slip at high speed is caught by the rails,
the number of revolutions not being relatively great, as far as
the distance moved over is concerned, there is proportionally less
accumulated energy to be transformed into work, and the jerk to
the train is less and the danger of damage to the engine itself is
less.
53. What causes an engine to slip after steam has been shut
off I
A. The expression "slip of driving wheels" is generally
taken to mean that the driving wheels are revolving faster than the
speed of the engine would cause them to revolve. As a matter of
fact, when the throttle has been closed there is nothing to make
the wheels move faster than they should if the engine was being
towed. The peculiar jarring sensation which usually accompanies
this form of slip very closely resembles the effect produced by the
slip caused under steam pressure, where the wheels revolve faster
than the speed calls for, and one may be mistaken for the other.
Bent crank pins or a twisted axle, or engine out of quarter may
slightly retard the motion of the wheels when the steam has been
shut off, and thus produce a sensation resembling that produced
when the wheels spin round ahead of the speed.
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54. What may cause the flange of one of the front driving
wheels to cut ?
A. If the engine has a front truck, the cutting may be caused
by the truck center casting not being exactly in the center, or the
engine truck spring on the cut flange side of the engine may be
weak or partly broken. The truck will, therefore, be down on the
defective side and should be levelled up. If the cause is the
truck casting not being in the center, the remedy is to bring it to
its proper place. The front driving axle may be out of tram with
the main driving axle, and this can only be set right by bringing
both axles into tram.
55. What is meant by galvanic action in a boiler ?
A. Galvanic action is set up when two dissimilar metals are
acted on by an acid and one of them is gradually dissolved. In a
locomotive boiler a weak galvanic action is set up when certain
kinds of impure water are used which contain a trace of acid.
The action is made apparent when the iron tubes near the copper
ferrules are eaten away. To prevent this action the acid must
be neutralized.
56. Do main driving wheel tires wear faster than the others
on the same engine ?
A. The main driving tires often wear away faster than the
others because they are subjected to the pressure of the main rod,
which, when the engine is running forward ; presses the wheel down
against the rail. Sometimes the main driving wheels carry more
weight than the other wheels if adjustment has not been accurately
made.
57. Is there any particular substance used in making steam
pipe joints?
A. The essential in all steam pipe joints is that the surfaces
should be thoroughly clean and smooth and fit each other accurately; the tightness of the joint does not depend on the presence
of any foreign substance. The joint is usually made with a brass
ring, which is flat on the pipe side and concave on the cylindersaddle side. Such rings are carefully ground on both faces, and a
very thin coating of while lead and oil or black varnish may be
used before tightening up, but neither is absolutely necessary.
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The fit of the ring and the mechanical accuracy of the work is
what the efficiency of the joint depends on.

any lost motion at the wrist pin or main crank pin will vitiate the
result.

58. What is the cause of occasional leaking of flues ?
A. The chief cause of intermittent leaking of flues is rapid
changes of temperature in the fire-box, caused, perhaps, by the
too frequent opening of the fire door, or the heavy working of the
engine and opening the door when steam is shut off, causing
unequal contraction of flues and flue sheet.

61. How can a leak in the dry pipe be distinguished from
a leaky throttle ?
A. When the throttle leaks, the steam which Comes through
is usually dry, but that from a leaking dry pipe joint is usually
wet, owing to the dry pipe being nearer the water level in the
boiler. To test this in the shop, fill the boiler up high enough
to completely submerge the dry pipe, but not high enough to
reach the throttle. If the dry pipe leaks, water will come through.
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59. What is the effect of reducing the throw of locomotive
eccentrics ?
A. Reducing the throw of eccentrics would, other things
being equal, reduce valve travel. The throw of an eccentric
cannot be altered by changing its position on the axle. If there
is a rocker in the valve motion between the eccentric and the valve,
the travel of the valve may be altered, independent of the throw
of the eccentrics, by making one arm of the rocker longer than
the other. Changing the distance between the center of the eccentric and the center of the axle is the only way to alter the throw
of an eccentric.
60. How is the dead center found ?
A. The way to find the dead center, or point in the stroke
where the piston stands still, is to turn the main driving wheel so
that the crosshead comes near but not at the end of its stroke, and
the crank pin is somewhere above the horizontal center line through
the main driving axle. Mark that position by center-punch marks,
using a trammel reaching from the wheel to some fixed portion
of the engine, such as the guide yoke. Mark the position of the
crosshead by scribing a line on it and one of the guide bars. Now
move the wheel around until the scribed line on crosshead and
guide again coincide. Take the trammel and with one point in the
center-punch mark on the yoke mark the tire. Divide the distance
equally between the tire punch marks, and when the trammel
point comes to this central punch mark, the crank will be on its
dead center. Care must be taken in turning the wheel not to turn
it back, if one or other point is accidentally overrun. The wheel
must be moved so as to always push or pull the crosshead and
piston. If the piston be pushed in one case and pulled in the other,
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62. Is it easier to pull or push a train of given weight ?
A. It is easier to pull a train over a portion of road than to
push it over the same road. There are two reasons for this. The
engine, if backing up when pushing the train, is more likely to
slip than when running forward, because there is a tendency in
turning the driving wheel by the action of the connecting rods to
take some of the weight off the drivers and transfer it to the engine
truck, but whether the engine backs or runs forward when pushing
the train there is more flange friction caused by pushing a train
than when pulling it. This may be illustrated by the behavior
of a chain which can be readily pulled along in a straight line,
but if pushed, even in an oiled groove, has a tendency to buckle
and the links to skew as they rub along the sides of the groove.
The ears of a pushed train act in much the same way, and extra
flange friction is thereby developed.
63. Can an engine having 20x24-inch cylinder be made to
pull a heavier load by having its cylinders changed to 22x28
inches, without altering its weight ?
A. Theoretically, the increase of the cylinders, either in
diameter or in stroke, or an increase in boiler pressure, will
increase the tractive effort of the engine, and, for that matter,
a decrease in the diameter of the driving wheels will produce a
like result. If an engine has been properly designed in the first
place, it is not advisable to do any of these things for the reason
that the friction between the driving wheels and the rail must be
taken into amount. For dry clean rails the co-efficient of friction is about 0.25 of the weight on the drivers. In other words,
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if an engine has 100,000 pounds weight on its driving wheels,
its maximum tractive effort ought not to exceed 25,000 pounds.
If it does, the engine is likely to slip. The alteration of its cylinders, therefore, while increasing its calculated tractive effort, might
have the practical effect of making the engine less efficient than
it was by rendering it unduly slippery. The weight on the drivers
is called the adhesive weight, and one-quarter of this is the practical frictional limit which should not be exceeded by the tractive
effort.

67. What would be the correct lead to give a 2-8-0 engine
handling heavy freight trains over a fairly hilly division, cylinders 20x24, steam pressure 180 pounds, drivers 50 inches diameter, adhesive weight 111,500 pounds, total weight 129,500
pounds ?

64. Why is a throttle valve for a locomotive generally made
with a double seat ?
A. This is done for the purpose of approximately balancing
the valve and rendering it easy to work. A throttle valve, as
usually designed, has its upper disc a little larger in diameter than
the lower one, so that the pressure acting on it, when shut, will
tend to keep it shut and so avoid any accidental op•ning.

diameter. A standard M. C. B. 3/x7-inch journal has practically
a weight sustaining area of 24.37 square inches, for the actual
bearing is only 64 inches long. If the journal load is 200 pounds
per square inch, the journal carries in all 4,874 pounds.

65. Why are some throttle valves hollow ?
A. The throttle valves of most of the modern types of locomotives are made hollow, so that, whether open or shut, they will
always have the metal surrounding the stem, or the inside walls
in contact with steam. This is for the purpose of having the valve
as hot as the throttle case, and consequently as much expanded as
the case. In the older forms of throttle valves, where the top of
the upper and the bottom of the lower disc only were in contact
with steam when the valve was closed, the stem was comparatively
cool and did not expand as much as the case, and there was, therefore, a tendency for the lower disc to be pulled slightly off its seat,
which caused the valve to leak.
66. What amount of lead would he good practice for an
engine hauling fast passenger trains over a hilly division, engine
of the 4-6-0 type, 18x24-inch cylinders, 180 pounds pressure,
66-inch drivers, and adhesive weight about 92,500 pounds; total
weight, 122,500 pounds ?
A. About one-tenth of an inch lead would be good practice.
If the trains polled were light, the amount of lead might be
slightly greater.

A. About one-sixteenth of an inch lead would be good practice.
68. how is the pressure on journals usually calculated ?
A. The weight on a journal is usually computed as if it rested
on an area made up of the length of the journal, multiplied by its

69. What is meant by saying that an engine uses so many
pounds of steam per horse power, say 45 pounds ?

A. This expression refers to the steam used in producing
one horse power. In this case it was the steam from 45 pounds
of water, and the steam is here measured by weight and does not

refer to pressure; 45 pounds or water turned into steam still
weighs 45 pounds.

70. Why does a locomotive with lost motion in its driving
boxes pound heavier on the left side than it does on the right side ?
A. When the right crank pin leads, as it usually does on
engines built in this country, the pull of the piston on the right
crank pin on the top half revolution has been forward. While
the right piston is traveling forward it is pulling the right driving
box against the right front pedestal shoe. When the exhaust
takes place and compresson begins just before reaching the forward
quarter, the right driving box is pushed against the back shoe. At
the same time the left crank pin is on the top quarter and is being
pulled forward by the left piston, so that the left driving box is
against the front shoe and by leverage, the right driving box is
being pushed back and goes back without very heavy jar in any
case, as soon as exhaust takes place. By the time steam pressure
comes on the right piston on the forward quarter the box is solid
on the back shoe. When the left crank pin comes near its forward
quarter, the box is being held against the forward shoe by leverage
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from the right crank pin, in which the right driving box is the
fulcrum. When steam is admitted on the left side, it drives the
left box back suddenly to the left back shoe. These actions and
reactions are repeated on the back quarter on both sides, and if
there is any lost motion the left side develops a pound sooner than
the right side.
71. Is it safe to run any distance when, by reason of some
accident to the valve gear, the steam ports have to be covered?
A. Yes. As no steam or water of condensation enters the
cylinder there is nothing to remove the lubricant. A little good
oil introduced into the cylinder when the valve was placed in its
central position ought to be sufficient for a considerable distance.
If valve oil is not available, use black oil.
72. How is a piston-valve packing blow ascertained ?
A. Place the engine on top or bottom quarter with reverse
lever in the center and cylinder cocks open. In this position the
valve has closed off all communication with the cylinder. When
steam is admitted to the valve chamber, if the forward cylinder
cock emits steam, it shows that the front piston valve packing
rings are defective. If steam conies from the rear cylinder cock,
the back piston packing rings are. defective.
73. How to locate a cylinder packing blow in an engine with
piston valves?
A. When testing cylinder packing, place engine so that right
main crank pin shall be on the forward top eighth and left main
pin will be on back top eighth. If, on opening the throttle, steam
escapes from both the cylinder cocks of either side, it generally
shows that on the side on which steam appears that piston
has defective packing or that cylinder is cut, but it must
be remembered that a defective -valve bushing or defective piston
valve would allow steam to escape in the same way. If, however,
that piston valve has been proved all right, the piston packing in
the cylinder is not steam-tight.
74. Does a piston-valve engine sound lame with defective
packing rings?
A. If the piston -valve is of the outside-admission type, the
inner rings control the exhaust.. Any defect in either of these
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rings would hasten the release at the defective end, and so cause
the engine to sound lame. If the piston valve is of the insideadmission type, the outer rings govern the release, and any defect
in either ring would manifest itself in lame beats from the exhaust.
75. What is the matter if a piston valve shows no blow during
a standing test, yet blows at a certain point when the engine is
working hard and is at slow speed?
A. In making the standing test a good valve will show no
blows, as the ports are covered. The appearance of a heavy blow
at some point when the engine is working hard, with full travel,
indicates that the valve overtravels and passes off the valve seat.
A bent lifting arm may cause this.
76. If a locomotive uses 5 pounds of coal per horse power
per hour, what is the theoretical efficiency, assuming that a pound
of coal contains 14,500 heat units?
A. The total number of heat units is 14,500 X5.72,500.
One horse power is equivalent to the raising of 33,000 pounds
one foot in a minute. In one hour, or 60 minutes, the number of
foot pounds would be 1,980,000. This divided by 778.3=2,543.9
heat units per horse power per hour. Now divide that amount
by the number of heat units contained in the 5 pounds of coal, viz.:
2,543÷72,500=0.035, which is the theoretical efficiency of the
engine.
77. What ingredients, and in what proportions, will give
good metallic packing for valve stems and piston-rods ?
A. The original formula used for U. S. metallic packing was,
tin 100 parts, copper 9, antimony 6, total 115 parts. Or, to put
it in percentage, tin 87 per cent, copper 71, and antimony 51. A
reduction of antimony to 3 parts instead of 6 gives a softer alloy,
which may be more serviceable under certain conditions. Some
roads use a packing made of 80 parts lead, 12 of tin, 3 of phosphor
tin, and 5 of antimony; total 100 parts. Others use 74 lead, 17
tin, 3 phosphor tin, and 6 of antimony; total 100.
78. In fastening block and tackle to an engine or car for the
purpose of pulling either onto the track, should the three-pulley
k 7 the two-pulley block be attached to the derailed car or
engine
A. The three-pulley block should be attached to the engine or
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car, as by that means there is one more subdivision of the rope to
help increase the effective pull.
79. What is meant by latent heat?
A. Latent heat is the heat which is absorbed in the change of
physical state, as when ice becomes water, or when water becomes
steam. Latent heat has been defined as potential energy in the
form of a change in the internal constitution of a substance produced by the absorption of heat without rise of temperature.
Latent heat cannot be recorded by a thermometer. The latent
heat of water is 143 thermal units. In other words, to melt one
pound of ice a quantity of heat has been absorbed which would be
capable of raising a pound of water through 143° F.
The latent heat of steam is 967 thermal units, and in order
to convert one pound of water at 212° F. into steam at the same
temperature an amount of heat has been absorbed capable of raising 967 pounds of water at 1° F.
80. What is about the proper allowance of oil for a heavy
freight engine on through freight and on local freight ?
A. ,Under usual road conditions, one pint of valve oil for
75 miles run and one pint of engine oil for 35 miles.
On local freight, one pint of valve oil for 60 miles and one
pint of engine oil for 30 miles. On the basis of so much per 100
miles, the through freight would be 14 pints valve oil and 3 pints
engine oil. Local freight, 11 pints valve oil and 3? pints engine
oil.
81.. What part of an eccentric usually experiences the most
wear ?
A. Generally the greatest wear is to be found on that part of
the eccentric which is farthest from the center, owing to its being
the part that pulls or pushes the strap.
82. What is meant by the term single-acting engine?
A. A single-acting engine is one in which steam acts on one
and the same side of the piston each stroke. For example, in a
vertical engine, if steam always and only acted on the under side
of the piston during the up stroke, the engine would be a singleacting engine. Locomotives are not single-acting engines.
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83. What is the water brake, which is sometimes spoken of
as being applied to a locomotive
A. The so-called water brake is the name given to the method
of retarding the motion of an engine when drifting on long down
grades. The arrangement consists of a 1-inch pipe from the boiler
in the cab, inserted below the water level and run forward to the
exhaust passage in the cylinder saddle. When the engine is drifting forward, the method of retarding the motion is to open the
cylinder cocks, place reverse lever in back gear, and then open the
valve in the cab on the finch pipe. This allows a small stream
of hot water to flow into the exhaust cavity below the cylinder
saddle. A certain amount of this water is drawn into each cylinder at each stroke, and its stored up heat is sufficient to turn most
of it into steam which lubricates the piston, and the pressure
produced by compression is sufficient to apply a slight but constant
check to the speed of the engine. The steam and water are blown
out of the cylinder cocks at each stroke. There is no danger of the
pressure becoming too great, as only a small quantity of water is
drawn in by the pistons at each stroke and all is driven out on
the return stroke. The proper name for it is the Le Chatelier
back-pressure brake.
84. What is meant by the expression "water-bottom," as
appplied to a locomotive tender ?
A. A tank having what is called a water-bottom is one in
which that portion which contains the water extends under and
at the back of the fuel. The water-bottom is the flat extension,
perhaps 12 or 18 inches deep, which forms the floor on which the
fi reman shovels the coal. In this kind of tank there is usually
no water space at the sides of the fuel, as there is in the ordinary
U-shaped tank.
85. When a steam engine indicator is not available, bow can
one find the mean effective pressure in a cylinder ?
A. When the cut-off is known it is possible to get a good
approximation of the mean effective pressure by multiplying the
boiler pressure by the decimal fraction corresponding to the point
of cut-off, as given in the following table:
107
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86. Should a compound engine be run as a simple or as a
compound engine when drifting ?
A. When drifting it is good practice to run the engine as a
compound, with just throttle opening sufficient to overcome any
excessive pounding due to the weight of the heavy low-pressure
piston, often noticeable in a cross-compound. The effect of using
very light throttle under these circumstances keeps up a pressure in
the cylinders sufficient to prevent the smoke box gases from entering, and it helps to lubricate the cylinder. The reverse lever
should not be put down to the corner. With the throttle slightly
open it would be wasteful of steam to drop the reverse lever down
to the corner, as the valves would then have full travel at increased
speed. The object is to reduce the tendency to pound and preserve
the lubricant in the cylinder.
87. What is the mean effective pressure in the cylinder ?
A. This expression simply means average steam pressure
during the stroke. In computing it from an indicator card it
it usual to measure from the back-pressure line to the steam line,
at intervals representing one inch of stroke, and set down the
pressure for each inch of stroke. Taking the average of these
gives the mean effective pressure for that stroke. The arbitrary
rule adopted by the American Railway Master Mechanics' Association for estimating the M.E.P. in the cylinders for use in
calculating locomotiveatractive power at full stroke is 85 per cent
of the boiler pressure.
88. What is good practice in the matter of side play between
hubs and boxes of the driving wheels of a 2-6-0 engine ?
A. Good practice would be to allow 38:2. inch for cast iron
driving wheels and 4 inch if the hubs are babbitted. This is
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satisfactory if the main driving wheel tires are without flanges.
The pony truck wheels should have from is inch to inch.
89. What is the amount of shrinkage which should be allowed
for a locomotive driving tire on a cast iron wheel center ?
A. The old rule for the smaller sized wheels, such as 28-inch,
was Au inch for every foot of diameter. This is equivalent to
a TAFF of the diameter in inches as the shrinkage allowance.
This allowance is not strictly followed for larger wheels. Some
shops allow TM of the diameter in inches for tires 56 to 78
inches where cast iron centers are used. For 78-inch tires on
steel centers, particularly if the runs are not heavy, an allowance
of v+ of the diameter in inches is the rule followed.
90. What is the pressure shown on a steam gage I
A. A steam gage, such as is used on any ordinary boiler or
locomotive engine, shows the pressure in pounds per square inch
above that of the atmosphere. Atmospheric pressure at the sea
level is 14.7 pounds per square inch. Absolute pressure is that
above vacuum. Thus 100 pounds gage pressure equals 114.7
pounds absolute.
9L What effect has short valve travel as compared with long
travel, cylinders being the same for each ?
A. The valve with the short travel will move slower than
the one with long travel, and will open the steam ports to a less
amount, and will close more slowly but earlier than the longer
travel valve.
92. Does long valve travel tend to retard or accelerate the
speed of an engine ?
A. It tends to accelerate the speed by giving freer entrance
and exit to the steam.
93. When does compression begin in a cylinder ?
A. Compression begins when the valve shuts off the now of
exhaust steam. This position of the valve is called the point of
compression or point of exhaust closure.
94. What physical changes does water undergo in its change
to ice and to steam ?
A. Water freezes at 32° F. It contracts as the temperature
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decreases until it reaches 39.2° F, which is called the point of
maximum density. As the temperature continues to sink below
that point, water expands at the same rate as it contracted when
above that temperature. When it turns to ice it expands about oneeleventh of its volume. This is why pipes are burst when ice is
formed in them, and it is also the reason why ice floats in water.
Water boils at 212° F. at the sea level under an atmospheric pressure of 14.7 pounds per square inch. The boiling point falls as the
pressure decreases and rises as it increases. Under a pressure
of only 10 pounds, water boils at 193.2° F. Under a gage pressure of 100 pounds, water boils at 337.5° F.
95. Is there a simple and practical way of getting the angular advance of the eccentrics of a locomotive ?
A. Place the driving wheels on a track having a good plank
floor between the rails. Set the right crank pin, for example,
on the extreme forward quarter. The lap and lead of the valve
are known, and suppose, when added together, that they equal one
inch. The arms of the rocker are supposed to be of equal length.
Hang a string having a pointed plumb bob at each end over the
axle, and so lay it off on the floor. Place the go-ahead eccentric
with the "bulge" uppermost. The exact position can be found by
hanging the string over the eccentric and moving the eccentric
until the plumb bob points are equal distances outside the lines
representing the axle. Move the eccentric round toward the crank
pin until the point of the plumb bob adjacent to the pin has moved
one inch along the floor. The eccentric then has an angular
advance equivalent to the linear advance of the valve. If the
engine has indirect motion, this eccentric follows the crank pin
and this position is correct. When settng the back-up eccentric,
place it temporarily with the bulge hanging down, and move it
toward the crank pin so that the plumb bob points move one inch
over the floor. If the motion is direct, the same procedure should
be followed, only the eccentrics should be reversed in vertical
position and should be moved away from the pin in each case.
Indirect motion using a rocker with both arms the same length,
and both arms above or below the rocker shaft, will not make any
difference in this method of finding the position of the eccentrics.
91. Does a locomotive slide valve travel faster or slower
when the links are hooked up ?
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A. When the links are hooked up the valve travels slower,
because its travel is shorter than when in full gear, and, as it
only makes one excursion to and fro for every revolution of the
wheel, it is moved more slowly when it has a shorter distance to
cover.
97. In calculating the tractive power of a locomotive, is
any allowance made for the internal friction of the engine itself ?
A. The formula by which the tractive effort is calculated
does not allow for the friction of the engine.
98. If the tractice power formula does not take into account
any friction, what amount should be allowed t
A. Ten per cent of the power was formerly allowed for locomotive friction, but this is too low according to tests made at
Purdue University with a Schenectady locomotive. In those tests
the friction of the locomotive itself used up from 12 to 23 per cent
of the power developed.
99. What is a 1° railroad curve 1
A. A railroad curve is measured and spoken of as the segment of a circle. A 1° curve is a curve in which 100 feet is the
distance which subtends an angle of 1 degree. In a 2° curve a
chord of 100 feet subtends an angle of 2° at the center of the
circle. In a 3° curve 100 feet subtends an angle of 3°, and so
on for all degrees of curvature. A 1° curve, therefore, has a
radius of 5,730 feet. A 2° curve has a radius of 2,865 feet. A
10° curve has a radius of 573 feet.
100. What are easement curves?
A. A railroad curve is dealt with as a segment of a circle,
and straight track between curves is spoken of as a tangent. As
a matter of fact, where straight track joins a curve, say, for
example, where a tangent touches a 3° curve, the sudden change
in direction would be too great for anything but Iow speeds, and
the necessary rail elevation could not be properly attained at the
exact point where curvature began; therefore, between the tangent
and the curve proper there is introduced a curve of greater radius
than the 3° curve, as the easement curve. It might be, in this case,
a short 1 0 curve, so that the train would pass over the tangent, then
over the short 1° curve with a gradual rise of the outer rail, and
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filially reach the 3° curve. It would pass off the 3° curve on to
the short 1° curve and on to the tangent at the other end. In this
case the short 1° curves would be called easement curves.
101. What is the difference between temperature and heat?
A. This can be best explained by stating the way in which
heat and temperature are measured. Temperature is measured
or recorded on a thermometer and is expressed as so many degree?,
Fahrenheit or Centigrade, according to the thermometer used.
heat is measured in thermal units. One British thermal unit
(B.T.U.) is the quantity of heat required to raise one pound of
pure water (11 20) from 39° to 40° F.
102. When steam is blown off a locomotive boiler, why does
the water level sink ?
A. Water in a boiler with a steam pressure of 200 pounds
absolute is at a temperature of 381.7° F. As the pressure falls,
by reason of steam being blown off, a portion of the heat stored
up in the water is liberated and it turns some of the water into
steam. At 100 pounds absolute pressure the water is at a temperature of 327.9° F. As the pressure goes down, the heat in the
water has been turning more of it into steam, which is, of course,
blown off, and when the pressure has been reduced to zero on the
gage, or 14.7 pounds absolute, which is the pressure of one atmosphere, the water is reduced to a temperature of 212° F, and no
more water turns to steam except by cooling and evaporation
below the pressure of one atmosphere. When the operation of
blowing off a boiler is begun, the injector should be put on for
the double purpose of securing a high water level, so that the
crown sheet will not be uncovered when all the steam has been
blown off; and also for the purpose of reducing the temperature
of the water by the addition of comparatively cool feed water ;
andsohteigpranofblwig.
103. What is the function of a by-pass valve on locomotive
cylinders?
A. The function of a by-pass valve is to prevent back pressure, caused by the churning of air in the cylinders when the
locomotive is drifting. The by-pass valves are made so that when
steam is admitted to the cylinders the passage between the ends
of the cylinder is tightly closed by the steam pressure causing
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the by-pass valves to shut, but when the engine is drifting they
open and allow air to pass out from one side of the piston through
the by-pass passage to the other side of the piston on one stroke
and vice versa on the next. Air thus moves from before the
piston and comes round behind it each stroke.
104. What is meant by the term cylinder clearance?
A. Cylinder clearance, as used in calculations concerning
the efficiency of an engine, is the space between the piston, when
at the end of its stroke, and the valve face. This is the volume
made up of the space between the piston and the cylinder cover,
and the steam passage between cylinder and valve face.
105. What is the difference between back pressure and compression?
A. Back pressure is the pressure of steam which resists the
return of the piston on the side from which the steam is exhausting while the exhaust port is open. Compression is pressure
caused by the squeezing of the exhaust steam remaining in the
cylinder after the valve has closed the exhaust or outflow, prior
to opening for the admission of live steam. Any excess of compression over and above what is needed for the best conditions of
operation is also called back pressure.
106. What is the object of the crown sheet sloping toward the
back, which may be seen in some engines?
A. When the engine is on a down grade, a sloping crown
sheet tends to maintain a more even water level over it than if it
were horizontal. The slope prevents the tendency to uncover the
back of the crown sheet.
107. What are the essential qualities of good valve oil/
A. Valve oil, as supplied by the Galena Signal Oil Company,
is made from a refined product of petroleum mixed with some
good animal oils. The ingredients are selected with a view of
making a compound to stand high temperature and yet retain its
lubricating quality, and, at the same time, contain nothing which
would cause corrosion.
108. What is Galena engine oil made from ?
A. It is made from Franklin crude oil, which is a natural
product of high lubricating quality. This is mixed with whale
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oil and red lead in certain proportions. These are combined in
such a way that the red lead is held in solution in the oil and is
thus capable of being carried to a journal by waste packing, and
it tends to fill up the minute spaces on the surface of a journal
bearing.
109. How should a two-cylinder compound be counterbalanced ?
A. Each side should be balanced for itself alone, as a twocylinder or cross-compound locomotive is really two engines, and
the source of steam supply for either cylinder has nothing to do
with the counterbalance.
110. Why does an engine equipped with piston valves often
pound very noticeably when drifting?
A. When the engine is drifting the valve is moving as it
does when steam is being used, and, where by-pass valves are not
used, air is being pushed out into the exhaust. When the
valve reverses its motion there comes a time when the valve
completely closes the port through which the air is passing to the
exhaust. This corresponds to the point of exhaust closure when
steam is being used. With an ordinary D-slide valve, when drifting, the air can raise the valve off its seat, but with a piston valve
the valve cannot lift and the sudden stoppage in the flow of air
causes a slight amount of compression, and this is sufficient to
take up the lost motion in the boxes or in either end of the main
rod. The nearer the reverse lever is to the corner, the less will
be the pound as the exhaust closure is late and the piston is near
the end of its stroke, and consequently not moving as fast as when
the exhaust closure takes place early, and there is less air compressed and the pound is less.
111. If the side rods of a 2-6-0 engine are in tram, is there
any provision to enable the rod to lengthen when the main driving
wheel drops down on low joint on the back ?
A. There is no provision for the alteration in the length of
the side rod in this case, except the usual amount of slackness in
the fit of the side rod bearings, which is probably - 311 inch scant.
When the main wheel comes down a low joint and the leading and
trailing drivers are on slightly higher track, each of the sections
of the side rods lie along the hypotenuse of a right-angled triangle,
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whose base is along the straight line joining the leading and
trailing crank pins. With rods perhaps 7 feet long, and main
driver say I inch lower than the others, the change in the length
of the side rods would be so small that it may be safely disregarded. If an engine were fitted up so snug that it could not
" give " slightly in various ways, it would run too hot to be of
service on the road.
112. Why does air become hot when it is compressed and
cool when it expands?
A. Air becomes hot when it is compressed because mechanical work is done upon it during the process of compression, as
lead or any other substance becomes hot when it is hammered.
This becomes apparent in the rise of temperature, just as a chip
of steel heats when being cut off in a lathe. If a given volume
of air be compressed to half its original volume without heating,
if such a thing were possible, its pressure would be doubled, but
in practice the pressure would be somewhat increased because
the inevitable heating of the air tends to make it expand. Air in
common with other gases expands 4-6 of its volume for every
increase of 1° F (it expands of its volume for each degree
Centigrade). If air be heated by compression and allowed to
cool and then expanded, it will draw heat from the walls of the
containing vessel equal in amount to that which was caused by
reason of its compression.
If a gas expands to of its volume for each rise of 1° F,
and shrinks by the same amount for every 1° F abstracted from it,
then, theoretically, if a gas was cooled down through 490° F it
would have no volume. This theoretical point, minus 490° F,
is called the absolute zero of temperature. As a matter of fact,
no gas can be made to lose its entire volume in this way, because
before it reached so low a temperature some physical change
would intervene. It would become liquid or otherwise depart
from the theoretical rate of contraction.
113. Does turning off the outside of an eccentric alter its
throw ?
A. Turning off the outside edge of an eccentric, that is, the
part which is enclosed in the strap, does not alter the throw of
the eccentric. The throw of an eccentric is determined by the
distance which the center of the eccentric is from the center of
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the axle, and, if a certain amount be taken off the " bulge " of an
eccentric, an equal amount will be taken off the back; and, though
the eccentric may be made smaller, its throw is not altered.

might be better to use the words " weak " or " stiff " in the relative
cases.

114. What is the angularity of the connecting rod?
A. The term " angularity," as applied to the connecting rod,
can best be explained by following the crank pin through one
revolution. When the crank pin is on the forward quarter the
piston is at the forward end of the cylinder. When the pin comes
to the bottom quarter it will be found that the piston and crosshead are not exactly in the center of their stroke; they have run
a little beyond the vertical center line. This distance is greater,
the shorter the connecting rod. By the time the crank pin reaches
the back quarter the piston and crosshead have exactly completed
their stroke. When the crank pin comes to the top quarter the
piston and crosshead are a little back of the center of their stroke,
in fact, they are where they were when the pin was on the bottom
quarter. When the pin comes to the forward quarter, both crosshead and piston are at the end of their stroke. It will thus be
seen that the piston travels more than half its stroke during the
first quarter revolution of the wheel, and consequently less than
half during the second quarter of the .revolution of the wheel.
During the third quarter it travels less than half its stroke, and
more than half during the last quarter. It, therefore, appears
that for the crosshead half strokes at the front of the cylinder
the pin will describe less than an exact quarter circle, and for the
two half strokes at the back of the cylinder the pin will describe
more than a quarter circle.
This explanation must be somewhat modified when dealing
with the position of the piston when the crank is on the top or
bottom quarter in engines which have the center of the axle below,
or above, the center line of cylinder.
115. What is meant by a steam gage being so many pounds
" light " or " heavy ? "
A. If the boiler is carrying 100 pounds pressure, as shown on
a correct standard test steam gage, and, at the same time, the doubtful gage shows 95 pounds, then the doubtful gage is said to be
5 pounds " light." If, however, the gage in question registered
105 pounds, then it would be said to be 5 pounds " heavy." It
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116. What is the physical condition of the water in a boiler
when it is said to be foaming?
A. When steam bubbles form in pure, clean water, each small
globule rises quickly to the surface, and instantly breaks away
into the steam space without much " splashing " on the surface
of the water. Foaming generally takes place in water which is
more or less viscous or cohesive, as when soapy or oily. When
steam is formed in water in this state, each bubble of steam, as
it endeavors to free itself at the surface, is enveloped in a watery,
greasy film like that of a soap bubble, and this film rises a certain
distance above the surface before it breaks. When this action
goes on to a very considerable extent, as it does in a boiler where
large quantities of steam are being rapidly formed, the result is
that the surface of the water becomes frothy and water is liable
to be carried up into the throttle valve, as there is a strong current
or up-rush of steam toward the throttle if it is open at the time.
When the water in a boiler is foaming badly it is very difficult
to ascertain the true water level, as the height shown in the water
glass is unreliable, and the gage cocks do not give very satisfactory
results. The throttle should be shut off when endeavoring to get
some idea of the water level. Temporary relief may be had by
filling the boiler pretty full and using the blow-off cock to blow
off a gage of water. The boiler should be washed out as soon as
possible and the tank thoroughly cleaned.
117. What is " priming? "
A. Priming is practicially frothing in clear water, and is
caused where steam is being rapidly generated, and where the
water level is high a certain amount is carried into the throttle.
Priming is water being carried up in quantity with the steam as
it rises from the surface. The water level can be ascertained by
shutting off.
118. How are locomotive springs tempered ?
A. Tempering of locomotive springs is usually done by hav-

ing a large cast iron box filled with water, which is kept flowing
out at one side and in at the other to keep it cool. Another east
iron box is filled with whale oil or other suitable mixture. This
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oil cistern is usually immersed to a certain depth in the water box.
The spring plates are set each to its proper radius, and heated to
redness and one at a time dipped in the oil bath and kept there
until each comes down to a light or dark blue, according to the
quality of the steel. The spring plate is then dipped into the
water bath and cooled off.
119. What is the principle upon which the sight-feed lubricator works ?
A. The sight-feed lubricator is pratically two separate chambers, placed one on top of the other. The upper one is the condenser and the lower one the oil chamber. The condenser is
connected with the boiler by a small steam pipe. Steam, therefore, enters and condenses in the upper chamber, and the water
of condensation passes down to the bottom of the oil chamber
through a small pipe. The oil chamber having been previously
filled with oil, the water of condensation being introduced at the
bottom of the chamber forces the oil up, and, as it floats on top
of the water, it rises readily. There is an upright pipe placed
in the oil chamber, which opens close to the top and receives the
oil as it is forced up. Oil having entered this pipe, passes down
it inside the lubricator, and at the bottom of the upright pipe a
branch leads off to the sight-feeds or glass tubes which are outside
the oil chamber. The sight-feed glasses are also full of the water
of condensation from the condenser. The ends of the branch
pipes opening into the sight-feeds are fitted each with a nipple,
from which drops of oil pass up into the water in the glasses, and
float up to the top where they enter the long pipes (formerly called
tallow pipes) which lead to the steam chests. Small choke nipples
are placed in the tallow pipes close to the lubricator, and chokes
or narrow openings are provided in the tallow pipes at the
entrance to the steam chests. These are to prevent the fluctuations of pressure in the steam chest from drawing the oil out of
the lubricator too rapidly. A glass tube like the water gage on a
boiler shows the quantity of oil in the lubricator at any time.
120. What is the principle upon which an injector works?
A. Roughly speaking, an injector consists of a cylindrical
brass case containing various tapered nozzles into which steam is
introduced through one nozzle. The point of the first nozzle
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partly enters a second nozzle, leaving an annular space around it,
connected by pipes to the water supply, and through which water
enters. This second nozzle is called the combining tube, because
in it the jet of steam meets with and is condensed in the water.
The combining tube terminates opposite the smaller end of a
double cone nozzle called the delivery nozzle, but does not touch
it by a space equal to about its own diameter at this end, leaving
an open annular space which is connected to an overflow pipe.
The other and larger end of the delivery nozzle is connected by
pipes to the boiler, with proper valves to prevent return of the
water. The combined jet of water and steam passes the overflow
opening and is received by the delivery nozzle and pipes and
carried to the boiler. The theory of the injector, and the reason
why steam at a given pressure can force water into the boiler
from which the steam was drawn and against its own pressure, is
that the steam, moving at considerable velocity and being comparatively light, meeting the water which is flowing slowly and is niiwh
heavier, is thus able, while losing its own velocity, to impart a
velocity to the water greater than it had before. By combining
with the water it causes a heavier body (the water) to acquire
sufficient momentum to raise the check valve and enter the boiler
against the pressure of the steam.
121. What is a non-lifting injector ?
A. A non-lifting injector is one which is placed below the
level of the bottom of the tank, and is constantly filled by the flow,
due to gravity. The water is forced from this level into the boiler.
122. What is a lifting injector ?
A. A lifting injector is one which is placed above the level
of the bottom of the tank or even above the water level, and the
injector is filled by the operation of either an extra steam nozzle
or by a special method of varying the area of the steam nozzle
which then lifts the water up to the injector, from which it is
forced into the boiler in the same manner as in the non-lifting
injector.
123. What is the action of a lifting injector ?

A. When steam is admitted to what is called the lifting
nozzle of the injector, a partial vacuum is formed in the injector
itself by the steam passing through and out of the overflow, and
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the water in the tank which is below the level of the injector rises
to the injector by the weight of the atmosphere in obedience to
natural law. The injector does not lift the water in the usual
sense of those words. It takes away some of the air pressure from
the surface, and the water in the tank which is below the level
of the injector rises up to the injector level, just as water in a
well rises in the pipe of a suction pump when the plunger has
caused a partial vacuum in the pump.
124. What is the effect of long, narrow steam ports compared
with shorter and wider ones?
A. Long, narrow ports of the same area as short, wide ones
admit steam rapidly at the beginning of valve opening. Shorter
and wider ports, while not giving as large an opening at the beginning, do not wire-draw as a rule and the exhaust is freer, but they
require a longer valve travel to obtain this result. With a given
travel of valve the width of port is fixed, and port length gives
freedom.
125. What is the heat value of crude oil as fuel ?
A. Fuel oil gives about from 19,000 to 20,000 British thermal units per pound, while very good coal properly burned gives
in the neighborhood from 14,000 to 14,500 B.T.U. per pound.
Many coals give only 13,500 B.T.U. The evaporative efficiency
of coal is about 10 pounds of water per pound of coal from and
at 212°. That of crude oil is about from 13 to 14 pounds of
water per pound of oil. Fuel oil has a higher evaporative efficiency, of about 25 or 30 per cent.
126. What is a piston valve?
A. A piston valve is really like a spool with enlarged ends,
each end having two or more packing rings. One of the rings
at one end controls the flow of steam to the cylinder and the other
controls the exhaust. The packing rings have the same functions
as the steam and exhaust edges of the slide valve, as if a slide
valve were bent backwards to a circular form. Piston valves are,
of course, circular in form and work in a bushing, inserted in the
steam chest or valve chamber. A piston valve differs from the
ordinary D-slide valve only in form, not in function. It does not
have any balance strips, as the balance is secured by reason of its
form. No valve yoke is used with the piston valve; a straight

rod through the body of the valve is the valve stem and connection
with the valve rod. A slide valve can lift from its seat when
excessive pressure reaches it from below. This is not possible
with a piston valve.
127. How are the smoke stack and exhaust pipe brought in
line?
A. Level the smoke-box lengthwise and crosswise. Place
the smoke stack or base on the smoke box and find the center of
the opening by calipering. From the center so found suspend a
plumb bob so that it just hangs over the center of the seat of the
exhaust pipe, and fit and fix the base in that position. Adjust the
smoke stack or the base so that the plum bob, when hung from
the center of the top of the stack, is directly over the center of the
exhaust seat. Secure the stack or base in this position.
128. How is the exhaust pipe placed in line with the stack ?
A. The stack being in line with the exhaust pipe seat, the
pipe may be placed on the seat which has been planed parallel with
the cylinders and tested to insure its being level, and, as the smokebox has been leveled lengthwise and crosswise, the plumb line
may be dropped from the center of the stack, and the exhaust
pipe adjusted so as to bring its center directly under the plumb
bob. In the case of double nozzles, the plum bob must come
exactly over the center of the division between the two openings.
129. What is the result of having bad joints about the smokebox ?
A. The result of a bad joint anywhere about the smoke-box,
whereby it draws air, is a bad steaming engine. When the engine
is working slowly, and the exhaust steam leaves the exhaust nozzle,
it passes up in the form of a powerful jet and fills the stack and
drives out a stackful of smoke-box gas. This gas has entered the
smoke-box through the flues, and, when it is driven out, more
rushes in to take its place, so that a strong though intermittent
draft is applied to the fire. When the engine is working quickly
the steam rushes up the center, and the smoke and gases are entrained up the sides of the stack by friction. If the smoke-box
draws air from the outside, air will enter more readily than the
gases from the fire :box, on account of the resistance through the
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fire and in the tubes, and, when the exhaust jet moves a stackful
of gas, part of it is made up of air drawn in from the outside,
and the draft on the fire is consequently weaker. The inflow of
air from outside, making the draft weaker, also causes an accumulation of cinders in the smoke-box, and, as oxygen is contained in
the air drawn in, the hot cinders soon catch fire owing to there
being live sparks among them, and this state of affairs soon becomes evident by the excessive heating of the smoke-box plates and
front.
130. What is the effect of a leaky steam pipe in the smoke
box ?
A. This causes a bad steaming engine, as the escaping steam
helps to fill the smoke-box and so diminishes the draft on the fire.
The exhaust only removes a stackful of gas each time the jet
shoots out, and if steam has leaked into the box it must be got
rid of, and consequently not so much of the smoke-box gases can
be removed at each exhaust, and the blast on the fire is weakened
thereby. A leak of steam in the smoke-box can be distinguished
from a smoke-box drawing air, from the fact that the leaking
steam does not burn up the cinders in the smoke-box, though they
accumulate in the box and lie in the flues and tend to restrict
the draft.
131. What is good average evaporative performance for an
engine per pound of coal?
A. This depends very largely on the quality of the coal used,
but with good bituminous coal about from 7 to 8 pounds of water
is evaporated per pound of coal under normal conditions. Hard
coal evaporates about 6 to 7 pounds of water per pound of coal.
132. What effect does the size of a smoke stack produce?
A. Generally speaking, the enlargement of a smoke stack
will give freer opportunity for the escape of the smoke-box gases,
but the size of the stack is, after all, a matter found by experiment.
A tall, narrow stack may have the same volume as a shorter one of
larger diameter. Some railroads prefer the high, narrow stack,
and others, where head room is an important consideration, use
short stacks with an extension carried down into the smoke-box,
If a stack is too large the draft will be feeble, as the jet of exhaust
shoots through it without drawing out a complete stackful. If
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the stack is too small the exhaust will choke, and the effect on the
fire will be poor draft.
133. What is the principle of the pneumatic blow-off cock?
A. The pneumatic blow-off cock is constructed something
like a check valve of a boiler ; that is, there is a valve which prevents the escape of water, and this valve is held down on its seat by
the pressure in the boiler. Against the outer side of this valve the
stem of a small piston rests. The piston is enclosed in a cylinder,
placed opposite the check valve, and the outer part of this cylinder
is in communication with the main air reservoir, the pipe forming
the connection having a cut-out valve on it placed in some convenient position. When air is admitted behind the small piston
it is forced out, and its stem unseats the check valve and thereby
enables the contents of the boiler to discharge. When the air
pressure is cut off, the pressure in the boiler causes the check
valve to reseat itself and so shut off the flow of water from the
boiler. The seating of the check valve pushes back the stem and
small piston to their normal positions.
134. How does a grease cup act?
A. The grease cup is filled full of grease, and the cover is
screwed on and the plug screwed in sufficiently to subject the
grease to some pressure. Part of the grease is thus forced through
the small hole leading to the crank pin. As the grease is used
the pressure applied by the plug gradually diminishes, but even
with very satisfactory lubrication some slight heat is developed
which expands the grease sufficiently to keep up a small flow for
a considerable length of time.
135. Does an engine with large driving wheels run faster
than one with small drivers?
A. A locomotive with large driving wheels will pass over a
greater distance with the same number of strokes than one with
smaller wheels. In a sense, the engine with the smaller wheels
may be said to run faster, but it does not travel as far in a given
time. An engine having 80-inch driving wheels makes about 252
revolutions to the mile, while a 60-inch wheel turns 336 times in
a mile. This is 84 revolutions more for the smaller wheel than
for the larger, or about 31 per cent. If both engines ran the same
108
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distance in the same time, the smaller wheel engine would burn
more coal and there would be considerable increase in piston
speed for the engine with the smaller wheel.
136. What is the effect of a splitting-wedge or bridge in
the single exhaust tip of an engine ?
A. The splitting-wedge or bridge is sometimes put in as an
expedient to cause an engine to steam better. The bridge sharpens
up the exhaust, that is, it gives the steam more velocity, as the
exhaust steam has to pass out of a nozzle diminished by the area
of the bridge. The bridge has much the same effect as bushing
the exhaust tip or applying one with smaller area of opening.
The usual practice is to use an exhaust tip of suitable size without
the bridge, as the presence of any obstruction in the nozzle tends
to somewhat increase back pressure, and great care must be taken
not to divide the jet so that part of it will strike the top of the
smoke-box and miss the opening at the base of the stack.
137. If a locomotive stands with right crank pin on forward
quarter and the reverse lever be moved from extreme forward to
extreme back gear, how much will the valve move?
A. In the position described the engine is standing with
valve open the full-gear lead amount. As the reverse lever is
drawn back to the center the valve will open still further until
the mid-gear lead position has been reached. As the reverse lever
is moved to extreme back gear the valve will move back again to
the same place it was, which is full-gear lead. The opening of
the valve, or the lead, will be the same at each end of the stroke
whether the reverse lever be full ahead or full back, if the valves
have been set with the back motion similar to the forward.
138. Why are some engines made with center line of cylinders above the center line of the driving wheels, or sometimes
with the cylinders inclined at an angle to the horizontal center
line of the drivers ?
A. This is sometimes done for the purpose of gaining space
above the engine truck wheels, or for other reasons which may
be of importance in a particular design, but the engine so built
does not gain or lose in power, as this elevation of the cylinders
above the center line of the wheels is usually but a few inches.
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139. Why is it that some locomotive grates slope down
toward the front end?
A. This is done in shallow fire-boxes for the purpose of
giving as much space as possible above the fire and below the lower
row of flues. In some engines the grates are level at the back of
the box and slope forward from a point about half way along the
box; others have a gradual slope from the back of the box to the
front, but in any case the idea is to keep the lower flues sufficiently
above the fire to prevent their becoming choked with cinders or
coal when the engine is working. A locomotive grate should be
placed as low as possible in the fire-box, provided it is sufficiently
above the mud-ring to prevent the fire acting on the plate where
it lies against the mud-ring.
140. How can a blow due to defective balance strip be distinguished from a blow from a leaky slide valve ?
A. Place the engine with crank pin on the top quarter of
the side to be experimented with, block the driving wheels, open
the cylinder cocks, place the reverse lever in the center, and
slightly open the throttle. With engine in this position the valve
covers both ports. If steam blows out of either cylinder cock it
proves that this side of the engine is defective. To determine
whether it is a defective balance strip or a leaky valve, move the
reverse lever a short distance on either side of the center notch,
but not enough to make the valve uncover either port. If steam
continues to blow from one cylinder cock, the valve or valve seat
is cut on the end indicated by the blow from the cylinder cock.
If, however, the blow is alternately from one cylinder cock and
then from the other, the defect is in the balance strips, as live
steam is passing into the balance area and down into the exhaust
cavity, and, when the valve is moved to and fro, it brings first one
steam port and then the other into communication with the exhaust
cavity, and steam passes down the steam port thus exposed. There
will, of course, be a greater amount of blow up the stack, whether
the valve or the balance strip is defective.
141. What is the cause of the difference in the size of the
drops of various kinds of oil?
A. Other things being equal, the oil having the greatest
specific gravity the thicker it will be. The weight and thickness
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of an oil determines the size of the drops. Heavy, thick oil has
less fluidity than light, thin oil, and breaks into drops less readily
than thin oil. When fed through the small nozzle of a lubricator,
the particles of heavy oil adhere to the nozzle for a longer time
and form a larger drop before breaking away and floating up
through the water. Light fluid oil adheres but slightly to the
nozzle and breaks away after a small drop has been formed. The
particles of heavy oil have more cohesion among themselves, and,
when formed into drops, resist the tendency to break apart more
than do the drops of lighter, thinner and more fluid oil. The size
of the nozzle modifies the size of the oil drop. Wide, flat nozzles
produce larger drops than thin, sharp nozzles do, as there is a
larger surface for the oil to adhere to.
142. What is specific gravity?
A. When one says that the specific gravity of gold is 19,
one means that gold is nineteen times heavier than an equal bulk
of pure distilled water (11 20) at a temperature of 39.2 Fahrenheit.
143. What are the principal causes of a boiler explosion?
A. Defective construction is one cause, and by this we mean
not only bad original design, but also repairs which introduce
conditions which are equivalent to bad design. Bad design may
be defined as the construction of a boiler from plans and specifications which make parts inaccessible or do not provide for a
sufficient factor of safety. Boilers should be so designed
that their weakest part shall be, if possible, fully five times
stronger than the internal pressure required to tear apart the
weakest portions. Deterioration of the boiler may also bring
about an explosion. Corrosion, accumulation of scale, pitting,
extensive cracking, mud-burning, broken stay-bolts may so
weaken the plates of a boiler as to cause an explosion. These
defects may be allowed to develop through neglect, and for
want of constant and intelligent inspection and proper repairs.
Gradual deterioration of a boiler may be said to begin from the
time it is put into service, just as wear takes a place in
the parts of the machinery of an engine from the time it enters
active service. Deterioration may be a slow process, but its effects
are cumulative. Unremitting care must be bestowed upon a boiler
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in regular service. Nowhere is the proverb more true that
" Eternal vigilance is the price of safety " than it is in dealing
with a locomotive boiler. Low water may also cause an
explosion. If the water level is allowed to become so low that the
crown sheet is uncovered, the sheet itself becomes very hot, and
consequently soft enough to bag down between the crown stays.
If the internal pressure is kept up, the sheet will eventually be
pulled off the stay-bolts and the unsupported sheet will then very
likely tear across a row of stay-bolt boles and violently discharge
the contents of the boiler. Boilers exploded from this came
generally show evidence of the overheating by the color of the
plates, and it is frequently possible to ascertain after the accident
the level to which the water in the boiler had sunk at the time of
the explosion.
144. When the contents of a boiler under steam pressure
are suddenly discharged, why is the action so violent as to be
termed an explosion ?
A. This is caused by the almost instantaneous liberation of
the heat stored in the water. The temperature of water forming
steam under a pressure of 200 pounds absolute is 381.7° F. If
the pressure be quickly removed, this stored up heat causes the
water to flash into steam, and though to the eye of Science the
process is no doubt gradual, yet it takes place with such rapidity
and such force as to tear the boiler to pieces in the process and
hurl the broken parts in all directions. An exploded boiler is
generally left entirely destitute of water, and although none of
the heat below 212° F had any part in the vaporization of the
water, the powerful outrush of steam and water is usually sufficient to blow all the water out.
145. What is the mechanical energy stored in the form of
heat in water at 200 pounds pressure?
A. Water at 200 pounds absolute pressure, or 185.3 pounds
gage pressure, has a temperature of 381.7° F. It is, therefore,
169.7° F hotter than water at 212° F. Each pound of water,
therefore, contains 169.7 British thermal units, ready to cause
water to flash into steam. If the boiler contains 2,500 gallons
of water, that amount will weight 25,000 pounds. The total heat
units in 25,000 pounds of water is 4,242,500, and as each heat
unit is.equal to 778.3 foot-pounds, the total stored up energy in
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the water is equivalent to 3,301,937,750 foot-pounds. This
amount of energy would be capable of lifting 100 tons more than
311 miles.
146. What are some of the causes which may prevent an
injector from working ?
A. If the strainers in the tank or the suction pipe become
clogged, so that an insufficient supply of water reaches the injector,
it will fail to work, because all the steam is then not condensed
and the injector will blow back. If the injector draws air, the
same result will be produced. These defects must be remedied
by either cleaning out the strainer or the suction pipe, or by
stopping the air leaks. If there are air leaks in the tender hose,
wrapping it round with a wet cloth will often be found effectual.
If the injector is coated with scale, so that the internal passage
is clogged, the injector will not work properly. The interior parts
cannot well be cleaned on the road, unless the obstruction is caused
by the presence of some foreign body. If the feed water is too
hot to condense all the steam, the injector will break. The temperature of the feed water must then be lowered by filling the
tank at a water station, and, if necessary, letting a considerable
quantity run out of the hose bags. If the boiler is priming badly,
and steam laden with water reaches the injector, it will interfere
with its proper working. Shutting the throttle will frequently
remedy this trouble.
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148. What is the duty of the man who lights up or starts a
fire in an engine ?
A. He should first ascertain the height of the water in the
boiler. The indication given by the water glass is not sufficient.
He should make certain by opening the lower try cock and observe
the flow of water. If the engine is cold, the safest way is, if
possible, to take out the stem of the lower try cock and observe
the flow of water. Simply opening the try cock when the engine
is cold may cause water lodged in the cock to drip out, and thus
not indicate the water level in the boiler.
149. Why is it not advisable to sand one rail ?
A. In case the engine slips with sand on only one rail, the
driving wheels on that side may catch suddenly and the momentum
of the moving wheels, rods, etc., on the other side may cause an
excessive strain on the axle, which may bend it or break a crank
pin.
150. If a water glass breaks, how should the valves in the
mountings be shut off ?
A. The person attempting to close the valves of a broken
gage glass should protect himself with a coal scoop or a loose
coat thrown over his head and should have a fireman's glove on
his hand. The lower valve should be shut off first, as hot water
is being blown from it, after which the top valve should be shut..
COMPOUND LOCOMOTIVES.

147. Is a movement of the water in the gage glass a sure
sign that it registers the true water level in the boiler
A. The movement of the water is not an infallible sign,
though if the water in the glass remains stationary there is something wrong. If the opening into the boiler at the bottom of the
glass is stopped up, the water will maintain a constant level.
This level is utterly unreliable as an indication of the water level
inside the boiler. If the bottom opening is free and the top
clogged up, the water will still continue to rise and fall in the
glass, but the indication as to the true water level will be quite
untrustworthy. The gage glass should be frequently blown out
from both top and bottom through the drain pipe at the bottom,
and the try cocks used to check the indication given by the glass.

151. -What will happen if the intercepting valve of a Richmond cross-compound sticks in the compound position ?
A. When it is desired to start in the simple position with
the intercepting valve stuck in the compound position, no steam
can get to the low-pressure steam chest except from the highpressure exhaust. If the engine has stopped with the high-pressure crank pin on the forward or back quarter, the engine will not
start, as the high-pressure piston cannot move the pin and live
steam cannot get to the low-pressure side. If the engine has
stopped so that the high-pressure piston can move the engine, the
low-pressure side will receive steam after one high-pressure exhaust. The engine itself may be started wider these circumstances.
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152. If the intercepting valve of a Richmond cross-compound
sticks in the simple position, what will happen?
A. In this case the engine would start, but if it did not
automatically become compound after a few revolutions the pressure in the receiver between the high-pressure piston and the
closed intercepting valve would rise and eventually become equal
on both sides of the high-pressure piston, and the emergency
high-pressure exhaust valve would have to be opened in order to
allow the high-pressure exhaust to pass directly to the atmosphere.
The engine could then be run slowly as a simple engine with the
emergency valve open.
153. What would happen if the emergency valve stuck open
or shut on a Richmond cross-compound ?
A. If the emergency valve stuck open, the engine could not
be made to work compound, but would have to be run slowly as
a simple engine. If the emergency valve stuck shut, the engine
could not be changed back to simple after it had changed to compound.
154. If the reducing mechanism in the intercepting valve
of a Richmond compound engine became deranged, so that live
steam could enter the receiver, what should be done?
A. The intercepting valve should be removed. The emergency valve should be left in place, and the passage leading from
the auxiliary steam pipe to the intercepting valve casing should
be blocked, and the engine be thus rendered wholly a compound
for the time. In starting, the high-pressure side will be the only
one to receive steam. If there was simply a leak, so that steam
got into the receiver, it would weaken the high-pressure side and
strengthen the low-pressure side, probably to the point of causing
the low-pressure relief valves to pop.
155. If the Richmond compound emergency valve and the
intercepting and reducing mechanism became inoperative or
broken, what should be done?
A. All parts of the intercepting valve and emergency valve
should be removed and the passage for live steam from the auxiliary steam pipe to the intercepting valve should be blocked. The
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engine would then become simple, using only the high-pressure

Bide. The low-pressure valve and piston would be lubricated by
some steam passing to the low-pressure side.
156. If the by-pass valve on the low-pressure cylinder of a
compound should become deranged or broken, so as to permit the
passage of steam to both sides of the piston at the same time, what
should be done!
A. Remove the by-pass valves and fill the central portion
of the by-pass passage by a plug of wood. This can be held in
position by two pieces of wood filling the distance between the
by-pass caps and the plug of wood.
157. What can be done in case the shell of a Schenectady
compound intercepting valve breaks?
A. If the shell is broken at the forward end, so that the
reducing valve is left intact and only the end wall damaged, the
whole valve should be pushed forward to the position in which it
would be if the engine were working simple. In this position the
reducing valve will shut off live steam coming from the auxiliary
steam pipe to the low-pressure cylinder, and the engine may be
run as a compound.
If the reducing valve end of the intercepting valve is broken,
the bottom joint of the auxiliary steam pipe should be slacked off
and a piece of sheet iron inserted so as to block the entrance of
live steam on the low-pressure side, and the engine run as a compound.
158. What would happen if the starting valve of a Vauclain
four-cylinder compound should become deranged ?
A. It is not impossible to find a Vauclain four-cylinder compound running with the starting valve open, as the amount of
steam which can get through at any speed is very small. If the
valve is broken off, so that steam blows into the atmosphere, the
ends of the equalizing pipes should be plugged and the plugs
fastened so that they will not be blown out. The engine will then
he worked as a compound, the low-pressure cylinders not receiving
steam when starting until the first high-pressure exhaust has taken
place.
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159. In the Pittsburgh compound, does the intercepting valve
work automatically ?
A. No, it does not work automatically. As long as the
reverse lever is kept in the corner, either in forward or back gear,
the engine runs as a simple engine. When the reverse lever is put
in the first or second notch from the corner, the engine becomes
a compound, as the intercepting valve is controlled by the movement of the reverse lever. The movement of the intercepting
valve causes the high-pressure exhaust to pass directly into the
receiver. When this is done, the opening into the receiver, by
which live steam from the reducing valve enters, is closed to
reducing valve steam, and the pressure accumulating in the chamber behind the reducing valve, acting on the larger area of the
valve, causes it to close, and holds it in that position until the
movement of the intercepting valve again opens the receiver for
the escape of steam from the chamber behind the reducing valve,
and, by thus reducing the pressure behind it, permits it to open.
The intercepting valve is on the high-pressure side of the engine.

voir through a continuous pipe under the tender and all the cars
of the train. The pipe was connected between each vehicle by a
rubber hose. This pipe fed the brake cylinders and moved a
piston in each, which pulled the brake rods and levers as the band
brake had done. To release this brake, the three-way cock was
turned so as to let the air out of the cylinders and brake pipe.
163. What improvement was made on this form of brake ?
A. The automatic brake was devised. This consisted in a
change of principle. In the Westinghouse automatic air brake
the pump filled the main reservoir on the engine, the same as
with the straight air brake ; and a feed valve in the brake, acting
as a reducing valve on it, constantly filled the brake pipe, as the
pipe under the tender and cars was called. Compressed air was,
therefore, always in the brake pipe when the brakes were off, and
a reduction of pressure in the brake pipe set the brake. The
bursting of a rubber hose between any of the cars, as when the
train broke in two, would set the brakes. This was why the brake
was called automatic.

160. How does the Baldwin two-cylinder compound, intercepting valve act ?
A. The intercepting valve for the Baldwin two-cylinder compound is on the high-pressure side of the engine, and is not automatic in its action. It is, therefore, independent of receiver pressure, and is operated by steam pressure controlled by a valve in
the cab. The valve is normally held in simple position by the
pressure of a spring, and, when it is desired to " compound " the
engine, steam is admitted behind a piston connected with the inter- ,

164. How were the brake cylinders supplied with compressed
air in the automatic brake ?
A. Under each car an auxiliary reservoir was placed, and a
triple valve governed the flow of air from the brake pipe to the
auxiliary reservoir and from the auxiliary reservoir to the brake
cylinder.
ceptingval,dhmoentfispcuerath

tension of the spring and places the valve in the " compound "
position.
THE AIR BRAKE.

161. What was the original form of Westinghouse air brake?
A. It was called the straight air brake.
162. How did the straight air brake work ?
A. There was an air pump on the engine which filled a
reservoir also on the engine with compressed air, and when it
was desired to apply the brakes a three-way cock on the engine
was turned to permit the flow of compressed air from the reser-

165. How did this triple valve operate ?
A. The triple valve consisted of a piston operating a slide
valve. When the brake was off, air flowed in from the brake pipe
under the piston and pushed it to the end of its stroke, known as
release and charging position, thus moving the slide valve so that
it covered the port leading to the brake cylinder. it under the
triple piston held it in this position, and flowed by the piston
through a small short groove in the triple cylinder. It then
passed to the auxiliary reservoir, and filled it to a pressure of
about 70 pounds.
166. How were these brakes applied ?
A. When brakes were to be applied, the engineer let some
of the air out of the brake pipe by means of the brake valve in
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the gab, and this caused the triple piston to move to the service
application position where it blocked the groove, and the movement of the piston carried with it the slide valve and its movement uncovered the port leading to the brake cylinder, so that
air from the auxiliary reservoir flowed into the brake cylinder
and applied the brakes.
187. How were brakes released?
A. Brakes were released by restoring the air pressure to the
brake pipe. This was done by moving the handle of the brake
valve in the cab to release position, which made communication
between the main reservoir on the engine and the brake pipe.
The flow of stored-up air into the train pipe had the effect of
moving all the triple pistons up again to their original positions,
which enabled air to feed into the auxiliary reservoir. It covered
the port leading to the brake cylinder by moving the slide valve,
which also opened a passage for the escape to the atmosphere of
the air imprisoned in the brake cylinder.
168. How were the various pressures regulated to insure
release ?
A. The air pump supplied 90 pounds pressure to the main
reservoir, and the feed valve, which was really a reducing valve
on the engineer's valve, permitted only 70 pounds pressure to be
carried in the brake pipe and the auxiliary reservoir, and there
was only atmospheric pressure in the brake cylinder. When only
a few pounds pressure was let out of the brake pipe, the greater
pressure in the auxiliary reservoir moved the triple pistons, ana,
the brake cylinders being empty, the flow of air from the auxiliary
reservoir took place as soon as the passage to the brake pipe was
cut off and that to the brake cylinder was opened. Filling the
brake cylinder from the auxiliary reservoir reduced the pressure
in the auxiliary reservoir to about that made in the brake pipe
when the triples moved to lap position. When air at 90 pounds
pressure from the main reservoir flowed through the train pipe
it forcibly drove the triple pistons up to their release and charging
positions, and the flow of air then continued from the highly
charged brake pipe into the impoverished auxiliary reservoirs,
while the brake cylinders discharged to the atmosphere, releasing
the brake.
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169. What was done when brake release was fully completed
A. The engineer turned the handle of his brake valve to
running position and cut off the direct flow of main reservoir
pressure to the brake pipe, and the air pump meantime proceeded
to restore the 90 pounds pressure to the main reservoir and the
feed valve allowed air at 70 pounds pressure to flow continually
into the brake pipe and auxiliary reservoirs.
170. How was the plain triple valve made sensitive?
A. The slide valve in the triple was fitted with what was
called a graduating valve, and its operation was as follows: When
the triple piston had moved down so as to open communication
between the auxiliary reservoir and the brake cylinder, it opened
a small port which was governed by a little valve called the
graduating valve. The reduction of pressure in the auxiliary
reservoir soon brought the pressure slightly below that of the
air left in the train pipe (as the engineer reduced it but a few
pounds in order to cause a brake application), and the triple
piston began to move up again to the release position. A slight
motion of the triple piston was sufficient to move the graduating
valve which was in the slide valve, but not to move the slide valve
itself. The slight movement of the graduating valve closed the
small port leading to the brake cylinder, so that what air had
entered it remained there, and the auxiliary reservoir pressure
remained as it then was and the brake pipe pressure as it was.
A further reduction of brake pipe pressure drew down the triple
piston just sufficient to again open the graduating valve and permit
a second flow of air from auxiliary to brake cylinder, making a
stronger application of brakes. When the auxiliary pressure again
fell a trifle below that of the brake pipe, the triple piston moved
up enough to close the graduating valve and hold stationary the
pressure in the auxiliary, brake cylinder, and brake pipe.
171. What did the quick-action brake do that the plain
automatic brake had not done?
A. It enabled the brake to be used on long trains, in what
is called the emergency application, and insured a rapid and
positive action of the brake on each car.

172. Describe the emergency action of the plain triple valve.
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A. When air was suddenly or quickly discharged from the
brake pipe, the triple piston was carried down to the limit of its
stroke and the slide valve was drawn clear of the port leading to
the brake cylinder, and it thus opened wide that port. Air,
therefore, passed quickly and directly through this larger port
from the auxiliary reservoir to the brake cylinder. A quicker,
though not a stronger, brake application was thus obtained.
173. How did this emergency application work on long
trains ?
A. The emergency action of the plain triple was not satisfactory on long trains, though the service application had proved
to be quite satisfactory. On long trains the sudden application
caused the brakes on the front cars to set first and the slack of
the train to run in on the retarded front cars with such force as
to do damage.
174. How was this defect remedied by the quick-action
triple valve ?
A. The quick-action triple is identical in action with the
plain triple as far as service application is concerned, but it contained an emergency feature which enabled brakes to be set on
the rear cars of long trains a few seconds later than on the front
cars. The quick-action triple was provided with an emergency
valve and a check valve which was interposed between the train
pipe and the brake cylinder. This emergency valve was held
shut by the pressure of air in the brake pipe. Above the emergency valve was a piston having a larger area than that of the
emergency valve. When a sudden reduction of air in the brake
pipe took place, the triple piston moved to the extreme end of its
stroke and carried the slide valve past the opening to the brake
cyinder, just as in the plain triple. A port in the slide valve in
the quick-action triple was brought opposite a port leading to
the upper side of the emergency piston. Pressure from the
auxiliary was thus introduced on top of this piston and forced
it down, and its movement unseated the emergency and check
valve and so opened a large direct passage from the train pipe to
the brake cylinder. Air from the train pipe was thus discharged
into the brake cylinder and not only increased the pressure in
the brake cylinder, but caused a sudden reduction of air in the
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brake pipe of the next car behind, and so on throughout the
train. The brakes on the last car of a 50-car train were set fully
in 2i seconds after the handle of the engineer's brake valve in the
cab had been placed in the emergency position.
175. How does the emergency application secure a more
powerful brake action than the service application?
A. In the service application, the gradual equalization of
pressure between the auxiliary reservoir containing 70 pounds
and the empty brake cylinder takes place when both contain air
at about 50 pounds. This is the maximum brake power, and no
further reduction of air pressure in the brake pipe can do more.
When the emergency application is resorted to, the brake pipe
pressure is rapidly discharged into brake cylinder, so that the
brake cylinder contains air under some pressure just as the
auxiliary reservoir begins to equalize with the brake cylinder,
and under these circumstances the equalization is effected with a
pressure of 60 pounds in the brake cylinder and auxiliary reservoir. The emergency application, therefore, sets the brakes quicker
and tighter than the maximum service application.
176. How is the pressure in the brake cylinders applied to
the brake rigging so as not to skid the wheels?
A. The levers, which with the rods, etc., form what is called
the foundation brake gear, are proportioned so that the total
pressure on the brake shoes on freight cars shall be about seventy
per cent of the light weight of the car. For passenger cars (having
two 4-wheel trucks) about ninety per cent of the light weight of
the car is used. For driver brakes on engines about seventy-five
per cent of the weight on the driving wheels is used, and for
tenders, which are loaded practically all the time, about 100 per
cent is used.
177. In proportioning the leverage for freight or passenger
cars, tenders and engines, what pressure in the brake cylinders
is the basis of the calculation?
A. Where plain triple valves are used, 50 pounds pressure
in the brake cylinders is the figure employed in the calculation,
and 60 pounds where quick-action triples are used.
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178. In a brake cylinder, does piston travel affect the equalization of auxiliary reservoir and brake cylinder pressures?
A. Yes, long travel reduces the pressure in both auxiliary
reservoir and brake cylinder below the amount which is considered normal and which is used in the calculation for leverage.
Short piston travel keeps the equalization point above the normal.
Other things being equal, the brakes set harder with short piston
travel than they do with long piston travel. Cars with long
piston travel, in a train with brakes fully applied, release before
those having short travel because there is less pressure on top of
the triple pistons.

HINTS ON LOCOMOTIVE ENGINEERING. 1707
through the top of the lever can be put through any pair of holes
to adjust the position of the dead lever.
182. Have the pressures in the brake cylinder been ascertained from actual practice for various lengths of piston travel ?
A. A series of tests was made with a properly equipped
freight train, and the results published in the Air Brake Men's
1896 proceedings. The figures in the following table are the
average of several tests. The table is taken from that report:
Piston Trove[ lima Resultant Cylinder Pressure.

Teon ope
Reduction.

180. In ordinary air brake practice, what is considered the
proper amount of piston travel ?
A. Piston travel, to secure good results, should be between
5 and 8 inches. The most generally satisfactory piston travel
is about 7 inches.
181. What is the usual method of adjusting piston travel?
A. This is generally done by taking up the slack in the brake
rigging, and is accomplished by altering the position of the dead
lever, which is the lever in the truck held stationary at the top
with a pin. The top of the lever is held between the parallel sides
of a yoke in which a series of holes have been drilled, and the pin

7
10
13
16
19
22
25

5
Ce3
c..7.
G1 'II 1-'4

179. If piston travel is very short, how will the brakes act?
A. If the piston travel is less than 21 inches, the brakes
will not remain set for the reason that in the brake cylinder wall
there is a groove cut parallel to the axis of the cylinder. This
is called the " leakage groove," and it is placed there to prevent
the brake setting owing to a leaky triple valve. Air leaking in
small quantity from the auxiliary reservoir through the triple
valve to the brake cylinder might in time cause the brake to set,
and the leakage groove is cut in the cylinder wall for the purpose
of allowing this air to flow past. the piston and escape to the
atmosphere without setting the brake. The leakage groove thus
prevents the gradual accumulation of air in the brake cylinder,
but when a service application is made only a small quantity of
air blows out through the leakage groove before the piston has
moved over it and set the brake.

4
25
49
57

6
171
34
44
54

7
13
29
371
473
51

8
101
23
33
413
47
50

9
8
191
29
35
40
473

10

11

17
24
29
361
44
47

14
20
24
32
39
45

183. Is there any method of automatically taking up the
slack of the brake rigging ?
A. The American slack adjuster is a device for automatically
taking up the slack in the brake rigging and regulating piston
travel. In the ordinary brake arrangement, one end of the floating cylinder lever is fastened to the back head of the brake cylinder. When the American slack adjuster is used, this end of this
lever is attached to a crosshead, working in a pair of guides. The
crosshead is moved backward or forward according as a ratchet
wheel on a screw connected to it is revolved to the right or left. The
farther the end of this lever is moved from the brake cylinder head
the less slack there is in the rigging.
The method of operating the screw is automatic, and whether
it moves or not depends on the brake cylinder piston travel. The
end of the screw is fitted with a ratchet nut, and the pawl for
turning this nut is attached to the stem of a small piston, which
is in a cylinder carried at the end of the guide bare. The small
cylinder communicates with the brake cylinder by a copper pipe
which enters the side of the brake cylinder, so that a travel of
109
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the piston past this point permits air to enter the copper pipe,
and moves the small piston. This pushes the pawl over one or
more teeth of the ratchet nut, and when the brake cylinder pressure is released, air from the small cylinder flows back through
the copper pipe to the brake cylinder and escapes to the atmosphere. A spring behind the small piston brings it back, and the
pawl which is engaged with the ratchet nut also comes back and
in so doing turns it through a small angle, thus rotating the
adjuster nut and slightly moving the end of the floating cylinder
or adjuster lever. When the small piston is back at the end of its
return stroke, the end of the pawl strikes against a lug and is
thrown out of engagement with the ratchet nut. Each movement
of the ratchet nut slightly decreases the piston travel by taking up
the slack in the brake rigging, though the adjuster remains inoperative when the cylinder piston does not pass the port leading to
the adjuster cylinder.
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184. Is there any arrangement -whereby the train crew can
apply the brake ?
A. Yes, in each passenger car there is a valve with a lever
handle which is attached to the end of a branch pipe which comes
up from the brake pipe through the floor of the car. Opening
this valve in any car permits air from the brake pipe to escape
to the atmosphere, and so applies the brake to the whole train.
When this valve is opened quickly and completely, an emergency
application of the brake takes place.

to give free exhaust for air from the brake cylinder. When it
is desired to use the retaining valve, as when the train is descending a long grade, the handles are turned to compel the exhaust
from the brake cylinder to raise this weighted valve. Air which
passes this valve reaches the atmosphere through a restricted
opening -elf inch in diameter, so that the time occupied in discharging brake cylinder pressure down to what it is intended to hold,
by the weighted valve, will be lengthened. When the retaining
valve is in operation, the engineer may release the brakes for the
purpose of recharging the auxiliary reservoirs. Air from the
brake cylinders passes out through the retaining valve, which,
as its name implies, retains 15 pounds in the brake cylinders while
the triple pistons are in the recharging position. Air at 50 pounds
pressure in the brake cylinders requires about 25 seconds to blow
down to 15 pounds through the retaining valve, and during this
time the auxiliary reservoirs have been receiving a fresh supply
of air from the brake pipe. The 15 pounds retained in the brake
cylinder maintains a certain though reduced amount of brake-shoe
pressure on the wheels, and thus prevents the wheels from becoming overheated, as well as prevents the train from attaining too
high a speed while the recharging of the reservoirs is taking place.
The brakes may be kept in this partial state of application until
full pressure is restored in the auxiliary reservoirs or not, as occasion requires. When the train has descended the grade, the retaining valves are then cut out by the train crew and normal brake
action is resumed.

185. In descending long grades where brakes must be set
for considerable periods of time, how are the auxiliary reservoirs
recharged so as to make up for losses occasioned by leaks from
the brake cylinder or the brake pipe?
A. Retaining valves are used to gradually reduce and then
hold a certain amount of pressure in the brake cylinders after the
triples valves have been moved to release position. The retaining
valve is placed at the end of a pipe which leads from the release
port of the triple valve. The handle of the retaining valve is
placed within reach of the train men. The valve consists essentially of a small cylinder or casing in which a weighted valve is
so proportioned as to require a pressure of over 15 pounds to
raise it. Ordinarily, the handle of the retaining valve is turned

186. How does the engineer manipulate the air brake
A. By means of the engineer's brake valve. This valve,
located in a convenient position in the cab, gives the engineer
complete control of the flow of air from the main reservoir and
to and from the brake pipe. There are five positions of the brake
valve handle. The first is full release position, in which the unrestricted flow of air from the main reservoir to the brake pipe
ensures the release of all brakes on the train. The second is the
running position, which is maintained when the brakes are off and
the brake pipe and the auxiliary reservoirs are being filled or are
full. In this position the flow of air to the train overcomes the
effect of small leaks. The third position is lap. In this position
all ports in the brake valve are blanked. The fourth is service
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position, and is used when brakes are gradually applied as in
regular service. The fifth position is the emergency. This is
used when it is desired to suddenly and fully apply the brakes.
187. In making a service application, what reductions in
brake pipe pressure should be made
A. For the first application between 5 to 7 pounds is considered good practice. For a second application with long trains
from 7 to 10 pounds is usually satisfactory, but the judgment of
the engineer, knowing the road and the kind of stop to be made,
must govern in each case. A total reduction of from 20 to 25
pounds will generally cause the full application of brakes.
188. When the brakes are fully set, what effect will emptying the brake pipe have ?
A. After auxiliary reservoir and brake cylinder pressure
have equalized, emptying the train pipe will not set the brakes any
harder, and there is then the possibility that pressure from the
auxiliary reservoir and brake cylinder may leak past the triple
piston or the check valve into the brake pipe and so reduce brake
power.
189. Why does a slight reduction by the engineer's brake
valve constitute an equal reduction in pressure in the brake pipe
of a long train ?
A. Because the engineer's valve is so constructed that the
engineer in making the reduction of pressure allows air to escape
from a small reservoir holding compressed air at brake pipe pressure above the equalizing discharge piston and its valve. This
valve will not reseat until the pressures on both sides of this
discharge piston are equalized. It is, therefore, apparent that
the engineer having made a certain reduction, the flow of air
from the brake pipe will continue until it has been reduced by
the amount which he discharged from above the equalizing discharge piston. A given reduction of brake pipe pressure at the
front of the train insures that amount of reduction all through
the brake pipe. It is, therefore, possible to set brakes throughout
the entire train, and the surging of air in the brake pipe toward
the front end, consequent on an exhaust from the front end,
cannot release the head-end brakes while leaving the rear brakes
applied.
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190. How is compressed air supplied to the whole brake
system ?
A. By a steam pump or air compressor situated on the
engine. The steam and air cylinders of this pump are placed one
above the other, with pistons for each attached to the same pistonrod. The pump delivers compressed air direct to the pipe leading
to the main reservoir and to the train pipe, but between the pump
and the train the engineer's brake valve is interposed, in which
a feed valve is located which keeps the pressure reaching the brake
pipe 20 pounds lower than that in the main reservoir. The excess
pressure in the main reservoir is for the purpose of insuring rapid
and positive release of brakes.
191. How is the pressure in the main reservoir and the brake
pipe maintained ?
A. There is no safety or blow-off valve for air on the air
brake system, and the pressure is maintained by the pump, which
is automatically shut off when the requisite pressure has been
reached and is automatically started when the pressure falls.
There are two methods of pump governor connection as adopted
by the Westinghouse Air Brake Company. With the more
modern, or G. 6 brake valve, the pump governor air pipe is connected to the pipe carrying main reservoir pressure. The older
style of brake valve D. 8, has the pump governor connected so as
to receive brake pipe pressure.
192. What is the object of the more modern method of pump
governor connection ?
A. With the newer method of connection the pump will not
stop until 90 pounds pressure is on the main reservoir, and that
pressure cannot be bad until the brake pipe has 70 pounds pres.
sure. With the older method the pump simply maintained the
required pressure in the brake pipe, and the excess pressure in the
main reservoir was not necessarily there under these circumstances. In mountainous regions or on level roads handling
exceptionally long trains, the pump governor is set for higher
main reservoir pressure than 90 pounds.
193. What is the high-speed brake ?
A. The high-speed brake is a method of using a higher brake
pipe and auxiliary reservoir pressure than 70 pounds. It is
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intended for use on passenger trains, and it has been found that
brake-shoes may be safely pressed against rapidly revolving wheels
with a force sufficient to skid them if revolving at slow speeds.
194. How does the high-speed brake differ from the ordinary
air brake ?
A. A brake pipe and auxiliary reservoir pressure of 110
pounds is maintained, and a high-speed automatic reducing valve
is attached with pipe leading to the brake cylinder, so that when
air at 110 pounds auxiliary reservoir pressure is introduced into
the brake cylinder the brakes set powerfully and the reducing
valve begins to blow away air until it has reduced the brake cylinder pressure to 60 pounds. The auxiliary reservoir and brake
cylinder pressures equalize in the high-speed brake at about 88
pounds. The exhaust port of the automatic high-speed reducing
valve is triangular in shape, so that comparatively rapid or slower
exhaust is obtained according to the degree of opening permitted.
II gh train speed and emergency application requires longer time
to blow down the pressure from 88 pounds to 60, while in service
application the reducing valve prevents a higher pressure than 60
pounds building up in the brake cylinders.
195. What change in the quick-action equipment is necessary
to transform it into the high-speed brake ?
A. The brake cylinders must be equipped with the high-speed
automatic reducing valve, and the engine must be equipped with a
duplex pump governor and two train line governors or old style
feed valves to provide for using either the higher or lower brake
pipe pressures. Only one diaphragm portion of the pump governor and one train line feed valve is used at a time. They are
arranged with cut-off cocks so that the high-speed brake may be
used, or the ordinary quick-action brake may be used, as desired.
196. What is the air signal system ?
A. The air signal system has replaced the bell-cord and
cab-gong as a means of communication on passenger trains between train crew and enginemen. The signal system is a separate
equipment from the air brake, consisting of a separate line of
pipe under the engine and cars and separate hose connections,
stop cocks, etc. The signal pipe is supplied with air from the
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main reservoir, but between main reservoir and signal pipe a
reducing valve is interposed so that air at about 45 pounds pressure can enter the signal pipe, and it is kept at full pressure all
the time. A small signal whistle is located in the cab, and betweeu
the whistle and the signal pipe a signal valve is placed ; the opening and closing of which, by means of the movement of a diaphragm, causes the whistle to sound. The signal pipe passing
under all the cars has an upright branch pipe carried in some
convenient location, such as beside the door. This upright pipe
terminates in a car-discharge valve, which is operated by a light
cord carried from one end of the ear to the other. The opening
of the car-discharge valve in any vehicle on the train for a brief
interval allows air to escape from the signal pipe to the atmosphere, and this causes a wave of reduced pressure to travel through
the signal pipe to the whistle valve and allows the diaphragm to
lift a moment and air under pressure to blow out of the whistle,
causing a clear sound of short duration. The stop cock at the last
hose connection on the rear car must be closed as in the brake
system, with free communication all through the rest of the train
along the signal pipe.
197. What is the high-pressure control ?
A. It is a modification of the engine equipment designed for
use on railroads having heavy grades and for handling heavily
loaded cars on down grades with a large volume of empty ear
mileage made in the opposite direction. By using the duplex
governor, 90 or 110 pounds pressure can be had on the main reservoir according as one is cut in and the other cut out, also by the use
of one of two train line feed valves a pressure of 70 or 90 pounds
can be had in the brake pipe and auxiliary reservoirs, according
as either is cut in. The brake power for freight cars is about
70 per cent of the light weight of the car, but when the cars are
fully loaded this percentage becomes considerably less, and 90
pounds per square inch may be used quite safely on the heavier
train with an increase power about 25 per cent. When a train
of heavily loaded cars has been taken down a long grade or handled
over a hilly division under 90 pounds pressure in auxiliary reservoir and brake pipe, the engine on the return trip handling empties
may be made to operate brakes under 70 pounds brake pipe pressure, with economy of steam and air and reduction of wear and
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tear, as well as securing safe and adequate brake power in each
case.
198. What is the automatic and straight air equipment ?
A. This is a separate equipment applied to the engine and
tender, and is useful on switching engines in yards because a
triple valve will not fully recharge an auxiliary reservoir between
very frequent applications. On freight trains the straight air
equipment affords a means of taking up the slack between the cars
by bunching the train up against the engine, and on long down
grades it helps to retard the motion of the train when brakes have
been released, with or without retaining valves in operation, and
while the recharging of the auxiliary reservoirs is in progress.
The straight air equipment is arranged so that air for the
engine and tender brake cylinders is taken from the main reservoir
and is passed through a reducing valve set at 45 pounds and
through a straight air brake valve before reaching them. There
is also interposed on the pipe line leading to the brake cylinders
a double check valve, the function of which is, when the straight
air is used, to prevent air from discharging through the triple
valve exhaust port, and when the ordinary automatic brake is
used it prevents air from the auxiliary reservoir escaping through
the straight air valve. There is also a safety valve on the brake
cylinder pipe, which operates to blow off any surplus pressure in
the brake cylinders of engine and tender in case the reducing
valve should have become in any way deranged and should permit
too high a presssure. The straight air equipment may be used on
engine and tender or the regular automatic brake may be used,
as occasion demands.
199. What is the Westinghouse " E T " Equipment ?
A. This is the engine and tender equipment by which brakes
on the engine and tender may be applied or released independently
of the train brakes, or the train brakes may be applied or released
independently of the engine brakes, or both engine and train
brakes may be operated together. This arrangement enables the
engineer to handle long trains very successfully, as the engine
brakes may be set while train brakes are released, thus preventing
undue shock and reducing the danger of breaking in two. The
alternation of brakes on engine and train is advantageous on long
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down grades, as the engine and tender brake, when applied, retards
the train while the auxiliary reservoirs are being recharged. The
danger of overheating the tires is also very much reduced by this

arrangement.
200. What is the object of a brake test before a train starts
from a terminal, and how is it made ?
A. The object of the test is to ascertain for a certainty that
everything connected with the air-brake and air-signal systems
is in working order before the train starts, so that defects may
be remedied and that the enginemen and train crew may be sure
that the brake is absolutely reliable. The inspection of a passenger train is begun from the rear, the inspector noticing that the
rear angle cock is shut. The inspector then opens the ear-discharge valve on the last car four times, which gives four blasts
on the air signal whistle in the cab. This is the signal, when the
train is standing, to apply brakes if they are not set, and it proves
that the signal system is in working order. After brakes have
been applied the inspector comes forward along the train and
observes that the brakes on each car are properly set and that
there is no excessive piston travel or bad leaks in the brake pipe
or hose couplings. On reaching the engine, the inspector opens
the car-discharge valve on the forward car four times, when testing a passenger train, which blows the signal whistle in the cab.
The engineer then releases brakes and the inspector should inform
the engineer that the test has proved satisfactory.
In testing a freight train, after brakes are set, one brakeman
should walk along the ground examining piston travel and looking
for leaks. The other should go over the top of the train, beginning
at the front end, and turn up the handles of the retaining valves.
When the brakemen reach the back end of the train, the engineer
should be signalled to release brakes, and both brakemen should
start forward again; the one on top of the train, after having
waited at least twenty seconds, should turn down the handles of
the retaining valves; if there is a blow of air from the retaining
valve after the handle is turned down, it is evidence that the
valve is working properly. The man on the ground should see
if the brakes release properly as soon as the retainers are turned
down. A strict account of the cars upon which the retainers and
the brakes are defective should be taken and a report made to
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the engineer and conductor, and any further information concerning the brakes, which the brakemen have been able to gain
during the inspection, should be given to engineer and conductor
while there is time to remedy defects.
The safety of life and property depends upon the proper
working of the air brakes, and in brake handling, as in all other
operations connected with train movement, nothing should be
left in doubt. In modern railroad service, with all it, manifold
responsibilities, the careless or incompetent person is a menace
to safety, and among the faithful and intelligent army of railroad
employees the Chancetaker has no legitimate place.
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lap and cover plate
367
lap, double-riveted
365
lap on cover plate
366
lap, single-riveted
364
butt, triple-riveted
369
two cover plates
369
materials
340, 348
cast iron
349
composition
35 1
contraction of areas
345
copper
351
elongation, ultimate
345
malleable iron
349
resilience
348
shapes of specimens
341
shearing
346
steel
349
stress, repeated
348
stretch limit, the
344
temperature effects
35 1
testing of
342
ultimate strength
345
wrought iron
348
priming of
1002
review questions
383
rivets, the
35 1
suggestions, general
374
got
testing of
testing, hydraulic
382
tubes, fire
381
furnace
374
washing of
992
Boiling, laws of
6/
Boiling point
67
broken
981
stay, for boilers
352
Board of Trade rules for flues 374
Boost ers
1546
Bourdon Gauge, the
30 1
Braces, specifications for
199
Brakes, application of
1701
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1708
train crew, by
1701
Brake cylinders, air supply
Brake pipe, effect of emptying 1710
Brake pipe, maintaining pressure
in
171 I
Brake pipe pressure, reductions
in
1710
Brakes, air. See Air Brakes.
Brakes, release of
1702
Brake release, when completed 1703
Brake test, object ; how made
1715
Brake valve, reduction in
1710
Brass, composition of
1712
Breakdowns of engines
97 1
axle box stuck
1663
axle, broken
985, 1661
axle, driving, broken
g8r, 1659
axle, engine, broken
984, t659
blocks, broken
981
blocking piston valve
1665
blow-off cock, broken
987
boiler, hole broken in
987
bolts, broken
981
both sides disconnecting
975
castings, center, broken
983
crank-pin, broken
977, 1655
croshead, broken
977, 1656
croshead jib, broken
1656
cylinder heads, broken .976, 1655
cylinder key, lost or loose 986 1663
disabled on road
973, 1653
draw bar, broken
986, Ii5o
driving brass, broken
981
driving spring, broken....986, 1662
driving spring saddle, broken., 1662
driving spring stirrup, broken 166*
eccentric, broken
978, r657
eccentric, slipped
974
eccentric strap, broken...978, 1657
equalizers, broken .. ..... 982, 1663
.equalizer stands, broken. 983, 1662
flue, broken
989, 1664
flues, leaky
989, 1 665
985-6. 1661
frame, broken
grates, burned out or
989, 1664
broken
guides, broken
981, 1X;
guide yoke, broken
986, 1662
hanger, broken
injector, failure to prime
9
•N
injector, failure to work
link lifter, broken
982, 1658
link or pin, broken
978, 1658
982, 1658
link, spring
lubricator, failure to work.... 987
976, 1658
main rod. broken
one side disconnecting
975

Breakdowns, packing, giving out
of
977
piston, broken
977
piston-rod, broken
977. 1653
1656
piston rod gland
pony truck axle, broken
166o
pounding, causes of
973
reach rod, broken
982 1659
release valve, broken
933
remedies for
971 -90
report of repair work
-973, 1653
reverse lever, broken
166o
rocker box, broken 981, 1658
side rod, broken
976, 1654
side rod section, broken. .985, 1654
smoke-box front, broken
66
spring, back, broken
984, 1661
steam chest, broken
977, 1 653
strap, broken
976
tire, broken or loose
985
tender, water supply in
989
tender wheel, broken
985
throttle rod disconnected or
broken
984. 1658
truck bolster, broken
truck frames, broken
truck hanger, broken .. „ 983, 66
I:54i
tumbling
shaft arm,
broken
982, 1663
truck wheel, broken
984, r65g
valve and gland, broken
1. 655
valve, broken
979
valve gear derangement
974
valve rod, broken
valve scat, broken 978, 1663
valve spring, safety, broken... 989
valve stem, broken
98o,6
valve yoke, broken
1654
water glass out of order
987
water, when engine works
987
wedge bolt, broken
986
whistle stand, broken
989
IA hisiIe stem, broken
1664
Buckwheat coal
8o
Bull's-eye lubricator
322
Bushings for piston valves
636
Butt joints
368
double-riveted
368
triple-riveted
369
two cover plate ...
369
1699
By-pass valve, broken
By-pass valve, function of
Brumbo pulley
Brushes
r680
1128

C

Calcium carbonate in water

908
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Calcium sulphate in water
907
Calking of riveted joints
423
Calorimeter
69
barrel
70
separating
73
throttling
71
Cannel coal
80
Cards, taking of indicator
775
Care of locomotives
991
Casting, center, broken
983
Centers, lathe; (see lathe, the)
Central power plants
46
Charcoal as fuel
81
318
Choke plugs
cleaning of
330
318
size of
Cinder stations
964
Cinder trap, locomotive
258
i 20D
Circuit breakers
1230
Circuits, electric
capacity of
1230
1230
inductance
1231
power factor
Classification of locomotives.
504
Clearance, cylinder, meaning of i6.8r
Coal
48
148
burning of bituminous
handling apparatus
957
how wasted
48
plant requirements
958
Coaling stations
957
cinder stations
964
coal handling apparatus
957
balanced two-bucket hoist 962
clam-shell bucket and trolley
method
962
crane method
961
jib-crane method
960
962
Iink-belt type
power operated
trestle
method
960
precautions in handling
964
Robbins belt type
963
trestle type of coaling
960
Williams-White method
96o
coaling from cars
960
jib-crane, with
960
coal plant requirements
958
cost of handling coal
968
grade of fuel
958
methods of handling fuel
95g
reinforced concrete stations 965
sand stations
965
weighing of coal
966
auxiliary weighing pocket 968
jib-crane and bucket method 966
overhead pocket method
968
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Coaling, weighing, trestle measuring
968
Coals
79
anthracite
79
bituminous
74
buckwheat
8o
cannel
So
coke
79
grades to use
153
lignite
8o
8o
peat
152
preparation of, for firing
semi-anthracite
So
semi-bituminous
$o
slack
8o
313
Cocks
blow-off
31 3
gauge
313
Coke
79
arches for burning 158
blast for fire
158
cleaning of fire
159
grates for burning
158
handling of
1 57
methods of firing
159
quality of
157
shaking coke fire grates
159
starting fire of
r58
use of on locomotives
1 57
Coleman system of signaling. . 1465
Cole superheater, the
947
Cole four-cylinder balanced compound locomotive
591
operation on Erie R. R
592
position of cylinders
592
Combustion
55, 83
air circulation
Poo
air for
go
atmospheric air
84
chambers
154
chemical cam omind
85
chemical symbols
86
excess of air
93
flue gas analysis
96
heat of
86
loss due to air excess ..
104
losses in
103
mechanical mixture
85
Parsons system
191
principles of
83
rate of
17
rules for burning bituminous
coal
148
systems of
189
temperature
107
volume of air
94
Combustion and fuels
79
Commutators
1 128

FAGS

Compound emergency valve,
160
broken
563
Compound locomotives
balanced compound
583
advantages of four-cylinder 583
Atlantic type
591
Cole four-cylinder
59 1
operation on Erie R. R 592
position of cylinders
592
crank-axle arrangement. .. - 588
distribution of steam
587
Prairie type
59 1
rods, inside, angularity of 590
suggestions for running
599
balanced simple engine
584
Baldwin balanced compound. 584
position of cylinders
584
cross-compound
571
decline of compound engine 563
De Glehn compound, the
600
boiler used on
603
cylinder arrangement
6o2
method of construction
602
reciprocating parts, con602
struction of
Mallet compound
28, 605, 61 r
compared with other types.. 607
615
details of
features of
605
first use of in U. S
flog
61x
on S. Pacific R R
fixo
type used on Erie R. R
object of compounding
563
operation of
616
review questions
621
Schenectady cross-compound 575
drifting position of valves 579
intercepting valve operation 576
reducing valve operation 576
starting of engine
577, 579
valve positions, running compound
577
running
valve positions,
simple
578
tandem
28
tandem compound
580
American tandem
580
Baldwin tandem
581
tractive effort for
25
two-cylinder
28, 571
572
intercepting valve
operating reducing valves
573
563
types of being built
Vaud ain four-cylinder
564
air valves
569
567
by-pass valve
565
cylinder arrangement
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Compound locomotives, function
of valve
567
operation of
569
running precautions
571
when stopped
1697
Compressed air
. 1.325
adiabatic compression . . ... .. .1055
altitude conditions
ro56
sea level
11356
single stage
1056
stage compression
1057
two Stages
1057
a f t ercoole rs
ro58
air lift system
1067
method of operation
1068
altitude compression
1036
altitude effects
1040
compressors, care of
ro45
lubrication
1045
consumption of (tables)
ro6o
D'Arcy's formula
1049
dry compressors
1031
effect of altitude
1037
formulas and tables
1054
friction losses
top
heat of compression (table) . ro26
hoists, capacity of
zo63
horse power at different altitudes
1039
horse power developed (table) 1034
1 034
intercoolers
Latta- M a r t i n displacement
pump
ro65
loss of work due to heat
( table )
ro33
lubrication
1045
per cent of work saved
(table)
1035
permanent plants
1044
power plant
1041
pressure reduction
1053
elbows, by
1053
globe valves, by
1053
tees, by
1053
pumping by
1061
receivers
1046
reheaters
1048
rules for installing machinery 1070
supplying of
1711
transmission of
1048
volume and weight (table)
ro25
volume for hoisting (table) ro58
volume of flow (table)
ro59
wet compression
1030
Compressed air locomotives.. 1073
adaptability of
1074
advantages of
1073
automatic reducing valve
1077
auxiliary reservoir
1078

care of plants
charging stations
compressor, the
cylinders, the
design of
design of plant
essential features of
frames

1725
won
ro85
1079

1 o80. 1o85
1078
ro76
1081
1074
1079
gauge of
1075
largest installation of
1086
links
ro79
main storage tanks . . . .
1•376
method of charging
1375
oiling devices
1079
pipe lines
logo
Porter reducing valve
ro78
pressures used
1076
reheating
1079
review questions
ro88
running gear
1079
sand boxes
1079
small air
ro87
stop valve, automatic
/077
Porter, the
1078
storage requirements
rat
throttle valve
1078
valves
1079
Compression in cylinder
1677
Compressors, air, care of
1045
Condensation
952
value of superheat in
952
Conditions of high efficiency.
18
Connecting rod
815
angularity of
1684
Consolidation type of locomotive Soo
Construction and design of
boilers.
See Boilers,
Construction and Des ign of
339
Consumption of fuel problem
47
Control, double pressure
1564
Control systems, electric
_ 1312
concatenations
1313
high and low voltage change. rat5
induction motor control
1312
preventive coils
13/6
secondary control
1316
series paralleling
1312
single-phase
.1315
Sprague multiple
1317
type M control
1314
unit switch system
1316
Westinghouse multiple
1313
Westinghouse single-phase . • . 13/4
Converters
1245
mercury vapor
.. . . .. .1248
rotary
1245
synchronous
1267-68

1726
Converters, starting of
types of
Corliss valve gear
Corrosion and incrustation
Barnes' skimmer
blow-off apparatus
boiler explosions
causes of
flaws
fractures
improper treatment
plate defects
wasting
prevention of
inspection
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1267
1268
1 045
879
890
889
896
897
898
898
899
898
899
900
900

1227
Currents
constant potentical regulation 1233
1227
alternating
1227
principles of
1227
reversing motor by
21
Curves
21
characteristic
designation of
31
elevation of outer rail
40
gauge of track on
39
how measured
1679
laying out of
34
length of radius (table)
32
of track and wheel base
36
radii and deflections (table). 35
resistance of
32
rules for measuring radius
33
wheel base
36
Cylinder clearance
[605
Cylinder ends, pressure on
359
Cylinder heads, broken
.976, 1035
Cylinder key, lost or loose ..986, 1663
Cylinder, vertical pattern
474
Cylinders
198
busting specifications
810
casting specifications
8to
position of
1602
size relations of
198
specification for heads
8to
Cylindrical boiler, development
of
435

character of boiler material
galvanic action
5
grooving
884
hot water filling of boilers
892
hot water washing of boilers 892
incrustation
886
boiler compounds
887
prevention of
887
impure feed-water effects
881
meaning of corrosion
883
K3
pitting
prevention of
884
maintenance, efficient
902
review questions
903
scale
88o
loss of efficiency by
88z
mechanical cleaners
895
oil preventive
889
overheating caused by
882
removing hard
894
washing out of
892
zinc preventive
888
weight of water impurities
879
Counter balancing, how done I682
Cranes improved pop safetyvalve
310
Crank pins
818
broken
977, 1655
Crosby locomotive pop safetyvalve
307
Cross-compound locomotives
57r
Schenectady, the
575
Crosshead
812
pin
815
repair of broken
977, 1656
Crown bars
218
Crown sheet, object of
1687
Crown sheets, supporting of
218
Crude oil as fuel
III
burners and methods of
use
Itt, 142
review questions
142
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D
Dampers
249
D'Arcy's compressed air formula
1049
Dead center, how found
1668
Decapod type of locomotive
526
De Glehn compound locomotive 600
boiler used on
603
cylinder arrangement
602
method of construction
602
reciprocating parts, construction of
602
Design and construction of
boilers.
See Boilers,
Construction and Design of
339
Detroit bull's-eye lubricator
3 23
Development of plates
434
Diaphram
2 53
adjustment of
253
Diagram, indicator
778
steam economy calculated 'by 778
steam quality calculated by 778
Disconnecting one side of engine 975

Pa8
139s 9725
Disconnecting, both sides
Dog charts
259
Domes
development of steam
438
259
feed
steam
259
Door opener, pneumatic 267
Draft pipe or petticoat
254
Draw bar, broken
Drilling of plates
p86, 1404
66
Driving brass, broken
981
Driving spring, broken.....p86, 1662
Driving wheel flange, cutting by.1667
Driving wheels
824
center dimensions
824
centers
.. .
828
counter balance weight
825
large and small
1711
tire dimensions
824
Driving wheel tires, wearing of 1667
Dry compressors of air
Dry pipe leak
Dynamos

1031
1669
1102, 1505

arc

1130

Current regulation
armature cores

1130

armature windings
brushes
commutators
drum armatures

electro-motive force
field magnet types
multipolar
principles of

11r 11022888
1110

1112
1108
1118
1121
1102, 1105

rating of
temperature of machinery
types of armatures
Dynamoters

h Log
'log
tut
1 1 45

E
Eccentric, broken
.978, 1657
Eccentric loads
347
Eccentric, slipped
974
Eccentric strap, broken....978, 1637
Eccentric, throw of
1683
Eccentric, wear of
1674
Eccentrics, reducing throw...
r668
Economic operation of locomotives .
17
Economy and grade conditions
46
Economy, effected by type of
engine
47
Economy of fuel
143
Economy of superheating
954
Edwards electric headlight
953
Efficiency, conditions of high
18
Eight-wheel type of locomotive 549

PAGE

Elbows.

See Light Sheet Metal
Work.

Electricity, practical
alternating currents
alternators
inductor
.
principles of
revolving field
single-phase
three-phase
two-phase
capacity of wires
circuits
capacity of
inductance

power factor
regulation of potential
resistance of
circuit breakers
circular mill system
converters

1089
/227
1232

1234
1227
1235
123i
1232
1232
1 093
1094

1230

1230

1231
1233

1094
1200

1090

copper wire properties
current
heat developed

1245
1092
1o91
1091

dynamos
armature cores

Ito8

1102

1 i to
armature windings
1128
brushes
r IA
commutators
1130
current regulation
1112
drum armatures
sio8
electro-motive force
Ii18
field magnet types
1121
multipolar
.1102, 1105
principles of
1109
rating of
temperature of machinery 1109
Nu
types of armatures
efficiency, Prony brake method i2ig
5025
electro-motive force
7169
electric power distribution
x
169
constant current systems
1171
constant potential
1172
parallel system
1173
three wire system
1200
fuses
lamps
1 147
1150
candle power
1151
efficiency
tr65
hints about arc
1156
mercury vapor
metalized filament
1153
5152
nernst, the
series incandescent
I170
tantalum, the
It 55
lighting
1 147
arc mechanisms
116o
1157
electric arc
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Electricity, lighting, vacuum tube.tr56

1236
object of
step-up, step-down
1236
1239
types of
rag/
wire gauges
1261, /288
Electric locomotives
1290
B. & 0. R. R. electric
1296
compared with steam
1310
control apparatus
1310
controller
1312
control systems
converters
1267
current collectors
1321
different kinds
12139
difficulty of changing systems 1264
electricity vs. steam
1262
1262
electrification advantages
electric traction
126
development of
1261
first use of
1290
Long Island R. R.
1274
motor trucks
1308
N. Y. Central R. R.
1291
N. Y., New Haven & Hartford R. R.
1296
New York, New Haven &
Hartford R. R. electrification
. 1275
1298
rating and capacity
review questions ..
1329
roller trolleys
1322
r278
single-phase system
1322
sliding-bow trolleys
Spokane & Inland R. R.
1282
sub-stations
1266
tests of
/297
1325
third-rail system
Toledo & Chicago R.. R.
1282
transformers
1266
traction characteristics
/262
trolley construction
1323
1321
trolleys
trolley wires
1323
types of motors
1299
types of systems
1265
alternating current
1265
1265
direct current
1321
wheel trolleys
West Jersey & Seashore R. R, 1268
Electric power, distribution of 1169
Electric Railroading. See Electric Locomotives
1261
Electric and steam systems
1262
Electric traction
1261
characteristics of
1262
development of
1261
Electrification, advantages of
1267
Electrification systems
1265
alternating current
1265

long distance transmission ... 1251
magnet, electro
1095
ampere turns
1099
compound windings
1127
designs of
nor
field excitation
1122
field of force
1104
laminated cores
1 102
other uses of
1T0I
permeability
1098
series windings
1124
shunt winding
1123
uses of
1095
magnetic induction
1096
magnetism
togs
dynamo magnets
Imo
magnetic laws
1099
instruments
nstruments
'176
ammeters
1176
volt meters
1176
watt meter
1183
motors
1133
alternating current ...1143, 1239
boosters
1146
direct current
1143
dvnamotors
1145
efficiency of
1215
finding efficiency of
1216
generators
1145
induction
methods of reversing
1144'11122239
methods of testing
14
7
series wound
1138
speed conditions
1137
speed regulation
1137
starting connections
1221
street car
/138
synchronous
1243
1133
theory of action
variable speed
1140
where to be used
1142
Ohm's law
to80
power
1093
railing systems
1250
recording instruments .
118r
resistance
••1090
review questions
.1257
rules for resistance
tom
storage battery
1204
switch boards
1192
alternating current
.1203
arc lighting
1202
high tension switches
1203
switches
1197
transformers
1236
cooling of
.1239
method of connecting
1237

!

4
127 5

Psas
E

Electrification, low pressure

129
B. & 0. electric R. R
126
direct current
Long Island R. R.
1291
N. Y. Central R. R
N. Y., New Haven & Hartford R R.
1275, 1296
1285
poly-phase system
single-phase current system 1278
single-phase frequency

single-phase motors
signle-phase system
advantages
application of
disadvantages
single-phase voltage
sub-stations
alternating current
Spokane & Inland R R.
Systems compound
Toledo & Chicago R R.

[280

r280
1279
1279
1279, 1282

1279
1280
1266
[266
1282
1286
1282
transfome
1286

transmission lines
singletransformer station,
12,81
phase
1265
types of
West Jersey & Seashore R. R 1268
Elevating rail on curves
40
Emergency action, plain triple
valve 1703
Emergency valve, sticking of r6g8
Emergency application, long
trains
1704
Emergency application, what it
secures
1705
63
Energy, mechanical and heat
Energy, waste of in operation 44
Energy waste in yard
50
Engineer, duty of
999
46
Engineering, improvement in
17
Engineering, locomotive
problems of economic opera17
tion
Engineers and firemens Dorn's. tfpo-7
Engine breakdowns and remedy
for
Engine disabled on road .973-9,7116-9°
53
Engine, drifting, how to run...1676
Engine parts and running gear.. 795
connecting rod
815
crank
818
812
cross-head
812
815
pin
cylinder, the
796
Sio
bushing specifications
countesbore of
798
cocks
799
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head specifications ..
810
lagging
8o1
parts of
797
relief valves
&xi
sizes of
797
cylinder castings
8ro
specifications for
8ro
packing ring specifications
810
pistons
802
packings
803
snap rings
804
piston rods
805
review questions
835
rod brasses, adjustment of
819
steam chest specifications
Sro
stuffing-box, the
806
packing material
807
valve bushing specifications
810
wedges, setting up
819
Engine running, points on
999
attaining speed
moo
blowing out boilers
1007
care in engine house
roog
causes of priming
1002
economy of steam
MOT
engine inspection
999
engine tools
999
engineer, duty of
999
feeding the boiler
root
laying up engine
tong
making long stops ..
1007
preparing to start
999
preparing to stop
/006
priming of boilers
1002
remedy for priming
1002
running at night
ioo6
running in cold weather
zoo6
running precautions
z004
starting the engine
1000
switch engine running
1007
two-engine running
tool
Engine. See Locomotives
Engines
536
drilling
536
economic type of
47
heat
123
shunting
536
switching
536
Engine, single-acting, meaning
of
1674
Engine, shipping of
1666
Engine tests, how made
786
Equalizers, broken
1663
Equalizer stands, broken-983, 1662
Expanders, tube 261
Expansion of heat
58
Expansion of water
59
Expenses, operating
44
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Exhaust pipe and smoke stark., 1689
Explosions of boilers
8g6

starting train fire
153
smoke prevention
154
152
smoke reduction
148
spreading system
starting preparations
1 55
Fittings, boiler
273, 338
fire-box door
264
O'Connor fire door
265
Flanging of plates
410
Flues
374, 989
broken
.989, 1664
furnace
• 374
leaky
989. 1665,1668
plain
378
board of Trade rule
379
Lloyd's rules for
378
Force, tractive
21
Fractures, boiler, causes of.
878
Frame, broken
985-6, 1661
Friction, rolling
31
Frustum, conic
436
Fuel
79
cost of
44
cost of handling
968
crude oil as
III
for superheating
77
grade to use
958
methods of handling
959
balanced two-bucket hoist. 962
clam-shell and trolley method 962
crane method
96/
jib-crane method of
960
link-belt method
962
power-operated trestle type 960
Robbins belt method
963
trestle type of coaling
960
Williams-White method
960
mixtures of
85
problem of consumption
47
Fuel consumption
47
Fuel economy
1 43
combustion chambers
154
firing with anthracite
iso
largest steam production
147
economy, review questions.
r•
saving possibilities
1 4.3
Fuel economy and locomotive
firing
/43
Fuel oil, heat value
1688
Fuel question, importance of
44
Fuels
79
82
alcohol
anthracite coal firing
rya
charcoal
St
chemical compound
85
coal
79
anthracite
79

F

Factor of adhesion
25
Factors for determining horse
power
27
Feed-stems
328
328
cleaning of
Feed water heaters
933
Gaines, the
935
review questions
940
Trevithick, the
934
Feed water, importance of good 907
224
Fire-box
224
construction of
corrugated side sheets
227
door flanges
264
structure of
224
wide
225
Fire-box construction of
224
corrugated side sheets
227
wide
225
Fire-box steel, specifications for 199
Fire-door flange
265
Firemen, locomotive
143
duties of
149, 1 697
duties of at stops
1 48
education of
144
instruction of
144
instructions on C. & N. R. R 16o
relation to the public
1 57
R. R. instructions to
1 53
qualifications of
143
Firing a locomotive
1 43
anthracite coal firing
15o
ash-pan cleaning
156
at end of run
1 49
B. & 0. instructions
1 54
banking system
147
blower, uses of
152
coal, grade used
1 53
combustion chambers
1 54
difficulties of
151.
Don't for engineers and firemen
160 7
exhaust devices
1 54
fire, starting of
145
first requirements
146
furnace door opening
156
grates, when to be shaken
156
largest steam production
147
liquid fuel, with
151
method of
155
preparation of coal
152
preparing to start
145
-
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bituminous
buckwheat
cannel
coke
grade to use
lignite
peat
semi-anthracite
semi-bituminous
slack
handling of
quality of
uses of
composition of
firing with liquid
gaseous
liquid
crude oil
preetrsoseld

of
treatment of special
wood
Fuels and combustion
review questions
Fuel saving by water softening
Fuses
Fusible plugs
Fusion, latent heat of

79
So
So
79
1 53
80
80
8o
841
80
1 57
157
1 57
84
151
82
82
81
81
82
83

143
156
81
81
79
109

916
1200

303
6o

Gaines feed water heater
935
Galvanic action, corrosion due
to
885
io15
Ganz Steam Motor Car
Gas apparatus, construction of
97
Gas, flue, analysis of
Gaseous fuels
82
Gasoline as fuel
82
Gasoline locomotives
46
Gauge of railway track
41
Gauge of track on curves
39
Gauges
Soo
Bourdon, the
301
m

steam
water
Geared locomotives
Girder stays
Gooch valve motion

302
300

3 14
557
354
663
30
G
Grra d e s conditions and economy 46
Grade resistance
30
Graphite, as a lubricator
317
Grates
241

PAGE
areas of
197
burned out or broken....98g, 1604
coke
247
hard coal
244
relation of areas
198
shaking of coke fire
1 59
slope of
1693
soft coal or rocking
24 1
when to be shaken
156
wood
246
Grease cup, action of
i69i
Grooving
884
Guide yoke, broken
981 , 1 657
Guides, broken
981, 1665
H

Heating surface
1 7, 1 95
size relations of
198
weight per square foot of
26
Heat of combustion
86
Hackworth valve motion
664
Hail electro-gas signals
1 453
advantages of
1 453
Hall revolving signal
1387
Hancock locomotive inspirator 290
Hand-holes
315
Hanger, broken
986, 1662
Hauling capacity of locomotives 29
Headlights
847
acetylene
849
Edwards electric
• 853
electric
851
types of
852
electric suggestions ..
860
failures of electric
864
focussing suggestions
861
objections to electric
864
oil
849
Pyle electric
857
Schroeder electric
86o
types of
849
Heat
55
absolute zero
64
amount utilized
45
boiling point
67
calorimeter measurement
. 69 - 73
change of state
59
combustion
55
engines
63
expansion of
58
fuel for superheating
77
heat of vaporization
67
how wasted
48
latent heat of fusion
60
latent of steam
6g
losses in combustion
103

INDEX.
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61
Heat, laws of boiling
56
measurement of
mechanical energy
63
73
Napier's law of steam flow
nature of
55
properties of saturated steam C43
69
quality of steam
review questions
78
saturated steam
69
solidification
59
sources of
55
specific
58
66
steam generation
superheated steam
69, 76
67
total in steam
62
transfer of
unit of
57
values of heating substances 56
6o
vaporization
water expansion
59
water the best fluid
65
zero, absolute
64
Heaters, feed water
933
High-pressure control, meaning
1713
of
High-speed brake, described . . . 171:
High-speed locomotives
28
Hints on locomotive engineering_i653

Horse-power, indicated
computation of
Horse-power, locomotives
factors which determine

738
746
19
27

I
46
Improvements in engineering
Impurities in boiler water
907
Incrustation
886
bIow-off apparatus
889
boiler compounds
887
oil preventive
889
prevention of
887
maintenance, efficient
902
zinc preventive
888
Incrustation and Corrosion. See
Corrosion and Incrustation
879
Indicator, steam engine
717
attaching the indicator
756
Brumbo pulley arrangement 763
cards, taking of
775
continuous indicator
754
diagram, hypothetical
724
steam economy calculated by 778
steam quality calculated by 778
diagram taking
723
diagrams, actual
726

INDEX.
PAGE

engine tests
786
horse-power, computation of 746
horse-power, indicated
738
indicator valve
71 7
invention of
719
lead of admission
728
locomotive reducing motions. 791
pantograph, the
722
pantograph, uses of ..
761
planimeter, use of
742
review questions
793
slide rule, computing by
748
springs
765
standard form of
721
stroke events
729
stroke reducing mechanisms 759
valve setting
732
Increasers. traction
26
Injector, failure to prime
988
Injectors
277
causes of failures
299
essential parts of
283
failures of,
298, 988, 1 696
hints before connecting
297
lifting
282
little giant locomotive
289
Metropolitan lomomotive
285
operation of
286
repairing of
287
monitor, the
288
non-lifting
282
operating princ;nles... 155. 277, 1686
points on operation
296
remedy for troubles
299
Seller's self-acting
283
sizes of
283
starting an
297
stopping of .
297
things to be remembered
298
types in general use
283
types of
282
valves
296
Instructions, Air Brake.
See
Air Brake Instructions.
Inspection of boilers
900
Inspirators
290
Instruments, electric
1176
electric measuring
1176
1176
ammeters
integrating wattmeter
1188
recording electric
1181
volt meters
1176
1183
wattmeter
Intercepting valve
576
operation of
576
Intercepting valve, Schenectady
compound
576

PAGE
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277
Lever
reverse
277
277
throttle
operation of reverse
1 55
operation of throttle
155
1147
Lighting
3
arc
. 11 47
arc lamp
1147
Jib-crane coaling from cars.... 96o
electric arc
1157
362, 364
joints
regulating mechanisms
116o
butt
368
incandescent
/ 147
double-riveted
368
incandescent lamp
1147
triple-riveted
369
vacuum tube
1156
two-cover plates
369 Light locomotives
556
calking of riveted
374 Lignite
So
cross
444 Light sheet metal work
467-5
03
Tap, double-riveted
365
boot pattern
485
lap, single-riveted
364
coal
hod,
open
top
498
riveted
362, 364. 4 1 4
conductor head pattern
647
forms of
364
elbows
468
welded
4 12
patterns, development of ..467-503
Joints, welded
360
vertical cylinder pattern
474
Journals, pressure on
1671 Link
or pin broken
978, 1658
Joy valve motion
664 Link lifter, broken
982, 1658
Link, sprung
982, 1658
1678
Links, hooked up, effect of
X
Liquid fuels
81, 1 IT
firing of
151
Kennicott water softener system 927
Little giant loco injector
289
Lloyd's U. S. rules for plain
L
flues
378
of locomotives, maximum 43
I.amps
334, 11 47 Load
347
•• 1147 Loads, eccentric
arc
837
practical hints
1165 Locomotive accessories
844
bell ringers
candle power
1150
double and triple sanders
844
efficiency
tisr
headlights
847
incandescent .,
1147
acetylene
849
construction of
1147
Edwards electric
853
1156
mercury vapor
electric
851
tnetalized filament
1155
types of
852
Nernst, the
1152
failures of electric
series incandescent
1170
864
focussing suggestions
861
steam gauge
334
objections to electric
tantalum, the
1155
864
oil
water gauge
849
334
Pyle electric
Lap joint
857
364
Schroeder electric
86o
double-riveted
365, 367
types of
one cover plate
366
849
review questions
865
364
single-riveted
suggestions as to electric
86o
Lap, meaning of
363.
862
suggestions to engineers
Latent heat, meaning of
1674
suggestions to round-house
Latent heat of fusion
60
862
Latta-Martin displacement pump ro65
men
track-sanding apparatus
Layout of plates
837
385, 432
review questions
See
442 Locomotive Boiler, the.
Lead, amount of
Boiler, locomotive
1670
1 93
269
definition of
363
review questions
Intercepting valve, sticking of.. , z6o7
581
tandem compound
1700
working of
1034
Inter coolers

1734

INDEX.

INDEX.
PAGE

PAGE

PAGE

Locomotive Coaling Stations.
See Coaling Stations... 957
970
review questions
Locomotive engineering
17
review questions
52
problems of economic opera17
tion
Locomotive engineering, hints
1653
on
1653
accidents, repairs of
1700
air brakes
1700
questions on
1665
miscellaneous questions
Locomotive firing
143
15o
anthracite coal firing
ifio
ash dampers, regulation of
158
arches for burning coke
ash-pan cleaning
156
B. & 0. instructions
154
banking system
147
i58
blast for coke fire
152
blower, uses of
coke, handling of
157
quality of
157
coke-burning grates
i58
coke fire, cleaning of
159
coke, how to be used
1 57
combustion chambers
154
difficulties of
r51
Don'ts for engineers and firemen
16o-7
duties of fireman
149
exhaust devices
154
firing at end of run
149
firemen's duties at stops
148
firemen's education
144
firemen's instructions, C. & N.
R. R.
16o
firemen's relation to public
157
firemen's qualifications
first firing requirements
/IV
furnace door opening
156
grade of coal used
153
grates, shaking of
156
injector, operation of
155
instructing firemen
144
instructions to firemen
153
largest steam production
147
liquid fuel firing
15i
method of .
155
methods of firing coke
159
preparing coat
152
preparing starting fire
153
preparing to start
145
reporting defects
157
reverse lever operation
155
review questions
168

shaking coke fire grates
159
/54
smoke prevention
152
smoke reduction at starting
148
spreading system
158
starting coke fire
starting the fire
145
starting preparations.
155, 1 59
throttle lever operation
155
treatment of special fuels
156
Locomotive firing and fuel
economy
143
Locomotive reducing motions
791
Locomotive running. See Engine running, points on
82o
Locomotive running gear
Locomotives
adhesion
19
.
563
compound
engineering improvements
46
expenses, operating
44
factor of adhesion
25
fuel cost
44
fuel question, importance of 44
future of
29
gasoline
46
hauling capacity of
29
high efficiency conditions
18
high-speed
28
horse power of
19
factors which determine
27
load of, maximum
43
Mallet compound
28
maximum speed of
43
power developed
18
problems of economic operation
17
resistance of
27
single-expansion
27
slow-speed
28
speed of
43
tandem compound
28
traction increasers
26
tractive force
21
effective
23
tractive power
19
two-cylinder compound
28
types of
504
waste of energy in operating. 44
Locomotives, care and inspection
of
991
boiler feeding
996
brakes
995
broken stay bolts
993
crank pins
994
cross-head guides
994
fire-box, examination of
991
gauge cocks
994

Locomotives, grate bars
993
injector, the
995
inspection of round-house
997
internal corrosion
992
laying up the engine
998
oil cups
995
piston packing
994
running precautions . ........ 997
safety valve
993
sand box
996
smoke-box, cleaning of
993
starting an engine
996
stopping an engine
997
testing boilers
991
throttle valve
.
993
valve gear
994
washing boilers
g92
water glass
994
water tanks
996
wheels
995
Locomotive,
classification
of
(table)
504
Locomotives, Compound. See Compound Locomotives ..— 563
Locomotives, Compressed Air.
See Compressed Air
Locomotives
.
1073
Locomotives, electric
1261
Locomotives, pounding of
1671
Locomotive tenders and water
scoops
867
Locomotive, theoretical efficiency /673
Locomotives, types of
505
American Loc. Co.'s classification
505
Atlantic type
552
Baldwin's designation
505
Consolidation type
509
Decapod type
526
drilling engines
536
eight-wheel type
549
freight locomotives
507
geared locomotives
557
light locomotives
556
Mallet anticulated compound ..511
Mallet and Consolidation compared
512
Mallet compound, advantages
of
518
Mallet compound on B. & 0
R R.
514
Mallet compound on Great
Northern R. R.
523
Mikado
e529
Mogul type
531
Pacific type
540
radial truck, inside bear-
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ings
544
radial truck, outside bearings
544
trailing trucks for
54.3
passenger locomotives
540
Prairie type, passenger
545
Prairie type, freight
533
rack locomotives
558
review questions
560
526
Santa Fe type
536
shunting engines
Locomotives, switching engines 536
ten-wheel type
529
twelve-wheel type
523
Long distance power transmis1251
sion
Long Island R. R. electrification
1274
316
Lubrication
care of
327
graphite as lubricant
317
principles of
317
316
selecting the oil
327
with superheated steam
316
Lubricators
arrangement of piping
328
blowing out
330
322
bull's-eye
care of lubrication
327
care of on sidings
329
causes of feed irregularities 329
changes in construction
317
choke plugs, cleaning of
330
cleaning feed stems
328
Detroit bull's-eye
.. 323
directions for application ..... 325
directions for operation
326
directions for use
326
don't forgets, as to
331
equalizing feature
318
force feed
333
Nathan bull's-eye .
324
directions for application
325
oil impurities
330
pointers in
331
refusal of to work
987
328
shutting off before filling
316, 32o
sight-feed
sight feeds, cleaning of
330
when to start
331

M
Machinery of boiler shop
Magnesia carbonate in water
Magnesium sulphate in water
Magnet, electro

385
go8
go8
7095
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ampere-turns
1099
compound windings . .
1127
designs of
run
field excitation
1122
fields of force
1.104
other uses of
trot
permeability
1098
series windings
1124
shunt winding
1123
types of field
1118
uses of
1095
Magnetism
1095
dynamo magnets .....
r roo
magnetic induction
1096
magnetic laws
1099
Main rod, broken
976, 1658
Mallet compound locomotive
28, 511, 605, 61i
advantages of
518
compared with other types 607
details of
615
features of
605
first use of in U. S.
609
on B. & O. R. R.
5 14
on Erie R. R.
5 19
on Great Northern R. R
523
on S. Pacific R. R.
611
type used on Erie R. R
610
Materials for boilers
34o
area, contraction of
345
cast iron
349
composition
35 1
copper
35 1
elongation, ultimate
345
malleable iron
349
repeated stress
348
resilience
348
rivets, the
351
shearing
346
specimens of shapes
34 1
steel
349
stretch limit, the
344
temperature effects
35 1
testing of
342
ultimate strength
345
wrought iron
348
Measurement of heat
56
Mechanical energy and heat
63
Mechanical energy, storage of 1695
Mechanical stokers, review questions
192
Mechanical
Stokers.
See
Stokers, Mechanical
171
Metal, heavy sheet
451
practical problems in
45 1
Metal work, light sheet....467, 503
Metropolitan locomotive injector 285
Magnet,

286
operation of
287
repairing of
Metal work, sheet
443
. 14345
Meyer cut-off valve gear
Mikado type of locomotive
5 29
logo
Mil system, circular
Modern Air Brake Equipments.
See Air Brakes.
Mogul type of locomotive
53 1
Monitor injector, the
288
Motor Cars. See Railway Motor
Cars
rot 1
Motors
1133. 1299
alternating current .
1143, 1 239
alternating current reversing-1127
boosters
1146
direct current
1 143
dynamotors
1145
1215
efficiency of
1308
electric motor trucks
.1305
factors of choice
finding efficiency of
_ • ,1216
1306
geared and gearless
venerators
•.
11 45
induction
.1144, 1239
methods of reversing
1227
methods of testing
1214
operation on different circuits t to3
series type, torque of
1302
series wound
1138
128o
single-phase
advantages of
.1302
r3o3
construction of
1302
disadvantages of
1301
singIe-phase circuits
power factor
1301
speed conditions
1137
1242
speed regulation
I221
starting connections
street car
.1138
1144, 1243
synchronous ...
1244
starting of
theory of action
1133
1304
three-phase induction
types for R. R. service
1290
1299
series type
characteristics
130o
1300
single-phase
variable speed
11 40
114.2
where to be used
1616
Mufflers ..

N
Napier's law of steam flow
73
Nathan bull's-eye lubricator
324
directions for application .... 325

1152
Nernst lamps
257
Netting, uses on stack
New York air brake equipments 1569
25o
Nozzle, exhaust
cleaning of
253
1291
N. Y. Central electrification
N. York, N. Haven and Hartford R. R. electrifi.1275, 1296
cation
0

O'Connor fire-door flange
Ohm's law, electric
Oil
as scale preventive
crude as fuel
burners and method of

265

1089
316
889
111

III, 142
use
1581
Galena, how made
impurities in
330
1674
proper allowance of
selection of
316
size of drops
1693
valve, qualities of
1681
Operation, problems of economic 17

P
Pacific type of locomotives
540
radial truck, inside bearings. 5.44
radial truck, outside bearings. 544
trailing trucks for
543
807
Packing
giving out of
977
.1672
locating blow in
material
807
807, 1673
metallic
Holmes
807
Trojan
808
rings
809
defective
1672
specifications for
810
steam valve blow
1672
Packing ring specifications ...... 8ro
Pantograph, the
722
uses of
761
Passenger locomotives
540
Patterns, development of
446
Peat
Bo
Petrol as fuel
82
Petticoat or draft pipe
254
Petticoat pipes
255
setting of
2 55
Pipe, dry
273
Piping, arrangement of
328
Pipes
273
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care of overflow
294
dry, leaky
300
steam
273
leaky
300
suction, care of
295
Piston, broken
977
Piston rod, broken
977, 1653
Pistons
802
packings
803
rods
8o5
snap rings
804
stuffing box
806
packing material
807
Piston travel
1706
adjustment of
1706
amount of
1705
effect of
.1706
lengths of
1707
Piston valves
636
advantages of
642
American semi-plug
637
bushing material
642
bushings
636
description of
1688
diameter of
641
disadvantages of
642
lubrication of
641
packing
641
packing ring material
642
setting of
644
Pitting
883
Pittsburgh water softener system
924
Plain triple valve
r6M
making sensitive
1703
Planimeter, construction and uses 742
Plants, central power
46
Plate planing machines
394
Plates, boiler
s. 385
bending of
405
development of
434
drilling of
404
flanging of
410
power required to punch
402
straightening rolls
409
telescopic
436
layout of
385, 432
Plugs, choke
318
size of
318
Plugs, fusible
303
Pneumatic door opener
267
Points on Engine running. See
Engine running, points
on
999
review questions
tom
Polyphase current systems
1285
Porter reducing valve
1078
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1078
Porter stop valve
Pounding, causes of
973
Pounding, engine, in drifting 1682
1671
Pounding of locomotives
Power developed by locomotives /8
Power plants, central
46
Power plants, compressed air —1041
1044
permanent plants
19
Power, tractive
Power transmission, electric.— — 125s
1251
long distance
49
Power, waste of
/189
Practical electricity
review questions . /257
Prairie type of balanced compound locomotives
591
235
Prairie type of boiler
Prairie type of locomotive
533
freight
53.1
passenger
545
83
Pressed fuels
Pressure, application to brake
1705
rigging
Pressure, basis of calculation . /705
Pressure, effective, finding of 1675
Pressure, effective, meaning of 1676
22
Pressure, mean effective
Pressures, regulations for re1702
lease
1002
Priming of boilers
1002
causes of
1685
meaning of
1002
remedy for
Problems of economic operation 17
fuel question, the
44
grade conditions
46
grade resistance
30
17
heating surface
18
high efficiency conditions
18
power developed
17
rate of combustion
52
review questions
21
tractive force
types of engine
47
waste of energy
44
47
Problem of fuel consumption
Prone brake efficiency method 1219
1673
Pulley blocks, kind to use
Pumping by compressed air
soot
Pump governor connection, ob1711
ject of
Pump, Latta-Martin displace1065
ment
Punching machines
394
Punching of plates
402
Pyle electric headlight
8.57

Q
1703
Quick-action cylinder cap
1552
Quick-action freight triple
Quick-action freight triple, type
1563
K
positions of
1563
Quick-action emergency valve,
working of
1704
Quick-action equipment, change
in
1712
Quick release valve
1578
Quick service application
1554

R
Rack locomotives
558
Railroading. electric
...
taut
Railroading, Electric. See Electric locomotives
1261
Railway motor cars
1011
development abroad
1020
types of
Jos i
compound superheated
steam
/os6
Ganz car
1014
Ganz steam motor
/ors
gasoline
sort
gasoline-electric
1012
steam
1013
Railway systems, single-phase I250
Railway water softening
pH
Rate of combustion
17
Ratio of fuel and operating
costs
44
Reach rod, broken
982, 1669
Receivers, compressed air
/046
Reducing mechanism, deranged r6g8
Reflectors
849
Reheaters. compressed air
IV
Reinforced concrete stations
05
030, 1 654
Release valve, broken
Remedy -for engine break-downs 971
Repair work, reporting of, .f)73, 1653
Resistance due to acceleration.. 38
Resistance of locomotives 27
Review questions.
boiler fittings and attachments 335
boiler shop
442
boiler, locomotive
269
compound locomotives
62r
compressed air locomotives ..1o88
construction of boilers
383
corrosion and incrustation
903
crude oil as fuel
142
design of boilers
383
.
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Review questions, engine parts
and running gear
835
1257
electric railroading
electric locomotives
1 329
feed water heaters
940
109
fuels and combustion
fuel economy
168
heat
78
layout of plates
442
locomotive accessories
865
locomotive boiler, the
269
locomotive coaling stations 970
locomotive engineering
50
locomotive firing
168
locomotives, types of
560
mechanical stokers
192
points on engine running
1010
1257
practical electricity
signals and signal systems _1482
steam engine indicator
793
192
stokers, mechanical
types of locomotives
560
678
valves and valve gear
716
Walschaert valve gear
water softening
93 1
water supply
931
Richardson balanced valve, the 634
Richardson safety valve
305
Rivet holes
360
Riveting machines
417
pneumatic
4 19
steam, the
421
Riveted joints
.364, 4 14
calking of
423
Rivets
362, 422
gripping power of
362
422
strength of
testing of
423
Rivets for boilers
351
Road, time wasted on
49
Rocker arm, broken —978, 981, 1658
Rocker box, broken 981, 1658
Robbins belt type of coaling.... 963
Rolling friction 31
Rolls, straightening
409
Roundhouse time waste
49
Rules for block signals
1333
Running an Engine. See Engine, running, points on
Running gear, locomotive
82o
axles, engine truck
834
driving-boxes
832
driving wheels
824
centers
828
center dimensions
824
counterbalance weight
825
tire dimensions
824

frames
830
pilot
832
springs
831
tire shrinkage allowance
827
trucks
820
truck wheels
827
Running gear and Engine parts
See Engine parts and
running gear 795

Safe ends
201
spellerized steel .
201
spellerized steel specifications 201
Safety valves
305
Crane
310
Richardson
305
rules for
311
size of
311
Sanding of rail
1697
Sand stations
96
Sante Fe type of locomotive 526
Scale
880
loss of efficiency by
1.1/
mechanical cleaners
895
oil preventive
889
overheating caused by
882
prevention of
902
removing hard
894
washing out of
892
zinc preventive
888
Schenectady cross-compound engine
575
drifting position of valves
579
intercepting valve operation
576
reducing valve operation
576
starting the engine
579
starting of
577
valve, broken shell of
1099
valve positions running compound
577
valve positions running simple 578
Schmidt superheater. the
946
Schroeder electric headlight
86o
Scoops, water
867, 877
and
Seaming
wiring
445
Seam, boiler
208
circumferential
210
Sellers self-acting injector
283
Settling-tank capacity
9 13
Shearing machines .
389
Shear, single and double
362
Sheet metal work
443
cross joints
444
pattern development
446
practical problems in
451
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Sheet metal work, seaming and
wiring
445
shop tools
443
wiring and seaming
445
Sheet metal work, light. See
Light Sheet Metal Work 467
Shell, boiler, construction of.2o6, 358
Shell of valve, broken thoo
Shells, boiler
43 1
hydraulic tests of
431
Shop, boiler
385
1677
Shrinkage, amount allowed
1676
Side play, practice in
Side rod, broken
976, 1654
1682
Side rods in tram
Side rod section, broken...985, 1655
212
Side sheets, material of
318
Sight feed lubricator
322
bull's eye
327, 329
care of
328, 330
cleaning of
Detroit
3 22
326
directions for use of
318, 1686
principle of
320, 324
Nathan
1869
Signal systems
1426
approach locking
1436
automatic block system
principles of operation
1437
types of
1 437
with storage batteries
1444
automatic electro-pneumatic
system
1 449
automatic stops
1 454
batteries for installation
1474
Edison batteries
1476
Gordon battery
1475
gravity batteries
/474
....-1476
storage batteries
block indicators
1 48 1
,•.1372, 1373
block signals
development of
1 373
road using
1373
1426
check locking
Coleman system
1465
definition of terms
1375
advance signal
1 375
automatic block
1 379
block section
1 375
block signal
1375
caution indications
1379
caution signals
1376
clear indications
1379
clear signal .
1377
controlled manual block. —1379
danger indications
1379
disc signals
1385
distant signal
1376

distant switch signal
1 377
dwarf signal
1377
electric train staff
1 379
false signals
1381
home signals
1 375
manual block
1 378
normal clear
1380
normal danger
138o
permissive block signals
1376
semaphore signals
1381
three-position block
1 377
disc signals
1385
advantages of
1385
disadvantages of
1385
dog charts
1392
electric interlocking ....1399, 1478
Federal Co.'s method
1400
storage batteries for
1478
Union Switch Co.'s method r400
electric train staff system
1427
ad vantages of
1431
control of signals
1 435
development of
1428
permissive features
Union Switch and Signal
Co.
143/
electric motor semaphore system
1438
electro-gas signals
1450
el ectr o-pn eumat ic interlocking.r 414
Hall electro-gas system
1453
advantages of
1453
Hall revolving
t 387
interlocking machines
1 390
interlocking signals
1 390
requirements of
1 390
locking charts
1 395
low-pressure pneumatic interlocking
.r42o
Signal Co.'s method
r42o
manual block
1389
N. Y. Central & Hudson R
R. R. system
1469
power interlocking
1 396
systems of
1 398
power operated signals
1423
review questions
1 482
Semaphore interlocking
1 395
Semaphore signals
1381
signal circuits
1 455
signal motors
1439
signal relays
1455
single-track automatic
1 472
overlap
r473
staff signaling
1427
storage batteries
1 478
installation of
1 478
mercury rectifiers
1 478
switch indicator
1 479
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PAGE

tubes
203
Specifications for seamless tubes 205
Specifications for steel safe ends 201
Specifications for steel tubes
201
Speed of lomomotives
43
200
Spellerized steel
Spellerized steel, safe-ends
201
tubes
201
Splitting wedge, effect of
1692
Spokane & Inland R. R. electrifi1282
cation
Sprague multiple electric controI 1317
148
Spreading system of firing
994, 166i
Spring, back, broken
Springs, indicator
765
257
Stack, locomotive
Starting valve, deranged ... — 1699
Stations for coaling
07
213, 352
Staybolts
215
breakage of
broken
993
199
specifications for
....211,
355
Staying of flat surfaces
Stays, diagonal
357
22r
Stays, radial
Stay tubes for boilers
353
Steam
66
soot
economic use of
generation of
66
latent heat of
69
Napier's law of flow
73
pounds per horse-power
io7i
properties of saturated
68
quality of
69
saturated
69
superheated
69, 76, 32 7
for locomotives
94 1
fuel for
77
generation of
944
hauling capacity with
944
lubrication with
327
properties of
94 1
total heat in
67
waste of
49
water in
69
Steam chest, broken
997, 1653
Steam chest specifications
8zo
Steam Engine Indicator. See
Indicator, Steam Engine 7 1 7
review questions
793
Steam gauges
300
"light" or "heavy"
1684
pressure shown
1677
Steam pipe joints, making of —1667
Steam production, largest
Specifatonsrldw Steam ports, covered
3672
steel tubes
205 Steam portc. length of
1688
Specification for iron boiler
spellerized
200

Signal systems, track circuit
1424
locking
track circuits
1 45 6
alternating current
1 460
batteries for
1 459
elements affecting
1457
insulated joints
1 458
reliability of
1 457
single and double rail
1 463
track relay
1458
voltage and length
1 459
1481
track indicator
train describer
148 1
train order systems
147 1
1471
telegraph systems
top-mast motor mechanism —1439
advantages of
1439
Signal systems, operation of.. 1443
Signals. See Signal Systems.
Silica in water
909
27
Single-expansion locomotives
Single-phase current system
1278
1279, 1282
application of
advantages and disadvantages.1279
1280
frequency of
r2.8o
motors
1281
sub-station comparison
1281
transformer stations
1280
voltage of
Single-phase railway systems 125o
1287
'Single-phase roads
1287
power stations
1705
Skidding, prevention of
So
Slack
Slack adjuster, description of. i7o7
Slide rule, computing by
748
Slope-sheet
440
development of
440
28
Slow-speed locomotives
Smoke-box, effect of bad joints 1689
154
Smoke prevention
152
Smoke reduction
1689
Smoke stack and exhaust
1689
Smoke stack, effect of size
Sodium carbonate in water
909
911
Softening water
compound required
9 14
fuel saving by
916
methods of
9 19
Softeners, water
911
912
continuous system
912
intermittent system
911
types of
920
We-Fu-Go system
Specific gravity, meaning of . . . • too i
Specific heat
58
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Stevenson valve motion
646
arrangement of parts
646
649
link motion
radius of link
649
Stokers, mechanical
171
Crosby mechanical
181
Hayden mechanical
1 73
189
other combustion systems
Parsons combustion system 191
171
requirements of
192
review questions
172
saving due to
187
Strouse stoker, the
172
types of
185
Victor mechanical
1204
Storage battery, electric
1214
care of
1206
care of cells
1204
cell troubles
1207
charging cells
1207
chloride cells
1210
methods of charging
1212
rating of
1204
use of
1209
voltage of cells
1610
Straight air brake
equipment, meaning of
1714
1610
G. E. type
1700
working of
Strap, eccentric, broken ...978, 1657
Stroke reducing mechanisms
759
Stuffing-box, the
8o6
packing material
807
Suction pipes, care of
295
Superheat
952
value in condensation
95 2
Superheated steam
941
engines
955
maintenance of
955
operation of
955
952
condensation
generation of
944
hauling capacity with
944
lubrication when using
95 1
properties of ...
941
952
superheat
952
value in condensation
superheaters
943
Baldwin, the
95o
Cole, the
947
experience with
95 1
forms of
944
operation of
954
requirements of
943
Schmidt, the
946
Vaughan-Horsey, the
949
superheating
954

954
tubes
953
cleaning of
953
repair of defective
953
Superheater
943
Superheater engines
955
maintenance of
955
operations of
955
Baldwin, the
950
Cole, the
947
experience in the
95 1
forms of
944
operation of
954
requirements of
943
Schmidt, the
946
Vaughan-Horsey, the
949
Superheating, economy of
954
Surfaces, flat, staying of . ..211, 355
Switchboards
1192
alternating current
1203
arc lighting
1202
high-tension switches
1203
Switches
1197
economy of

T

Tandem compound locomotives
28, 580
American tandem
580
Baldwin tandem
581
Tanks, settling, capacity of
913
Temperature and heat, difference
of
1680
Temperature, effect of on metals 351
Temperature of combustion
107
Tenders, locomotive
867
bearings and axles
870
brakes
873
frames
873
tanks
873
capacity of
875
trucks
872
water supply in
989
wheel, broken
985
Ten-wheel type of locomotive 529
Testing of boilers, hydraulic
382
Tests of boiler shells, hydraulic 431
Testing water for impurities
909
Third rail electric system
1325
bonds
1327
shoes
/327
Throttle, leaky
300, TW
Throttle fever
277
Throttle rod, disconnected or
broken
.984, 1658
Throttle valve
274
making of
1670

PAGE
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276
Throttle, stem
Tire, broken or loose
935
Toledo & Chicago R R. electrifi1282
cation
430
Tool, expanding
shop
443
Track, gauge of
41
Track-sanding apparatus
837
844
double and triple sanders
1236
Transformers
1239
cooling of
1237
method of connecting
1236
object of
1236
step-up, step-down
1239
types of
Transmission, compressed air 1048
1286
Transmission lines
26
Traction increasers
Tractive effort for compound
25
engines
21
Tractive force
23
effective
21
how determined
/9
Tractive power and adhesion
Tractive power, friction of
1679
934
Trevithick feed water heater
1701
Triple valve, operation of
1323
Trolley construction
1323
Trolley wires
1321
Trolley
catenany construction
1324
1322
roller
1322
sliding-bow
1321
wheel
Troubles from impure water
gm
Truck hanger, broken
983, 1661
Trucks, locomotive
820
tender
872
827
Truck wheels
984, 1659
broken
827
tire shrinkage
261
Tube expanders
200, 425
Tubes
boiler
200, 425
beading of
431
causes of leaky
26o
cleaning of
953
cold drawn steel specifications 205
expanding boiler
428
fire
381
furnace
374
methods of setting
26o
modern steel boiler
200
repair of detective .... ... 953
repair of leaky
264
star, for boilers
353
setting of
259
.

sheets
213
specification for iron
203
spellerized steel specifications 201
Tumbling shaft arm, broken.982, 1663
Twelve-wheel type of locomotive 523
Two-cylinder compound locomotives
28, 571
intercepting valve
572
573
reducing valve operation
Types of boilers
230
Belpa i re, the
233
Prairie, the
235
235
Vanderbilt, the
230
wagon-top, the
231
Wooten, the
Types of Locomotives. See
locomotives, types of 505
560
review questions
U

Union Switch & Signal Co.14c0, 1431
electric interlocking system 1400
electro-pneumatic interlocking
system
1414
143r
train staff, system of
Unit of heat
57
V
Valve, broken
979
Valve bushing specifications
8io
Valve gear and valves
623
Valve gear, derangement of
974
Valve gear diagrams
627
628
lap and lead diagram
627
Zeuner diagram
Valve gear, Walschaert. See
Walschaert valve gear .b
ifit
Valve, movement of
Valve rod, broken
Valve seat, broken
978. 1663
Valve setting
732
Valve spring, safety broken
989
Valve travel, long, effect or
1077
Valve travel, short, effect of
1677
Valve yoke, broken
g8o
Valves
274, 305
air
569
American pop safety
307
by-pass
567
check, care of
295
Crane's improved pop safety 310
Crosby locomotive pop safety 307
function of
567
injector
296
intercepting
572
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Valves, intercepting, operation of 576
reducing, operation of
576
relief
Boo
repair of leaky
309
Richardson safety
305
safety
305
size of safety
311
throttle
274
stem
276
Valves and valve gear
623
672
accidents to
623
admission
angular advance
625
accidents to broken slide valve 672
link block pin, broken
673
673
link saddle-pin, broken
pistons, blows through
674
rocker arm, broken
673
rod, eccentric, broken
673
673
slipped eccentric
672
stem, broken
673
strap, eccentric, broken
valves, blows through
674
yoke, broken
672
Baker-Pilliod gear
670
balanced valves
632
635
Allen, the
Richardson, the
634
Wilson, the
632
change of dimension effects 627
compression
624
cut-off
624
eccentic blades, length of 650
eccentricity
626
exhaust
624
expansion 624
general questions for engineers 674
lap
625
effect of
626
lap and lead diagram
628
effects of
627
lead
626
link hanger
651
newer types of gear
665
old types of valve gear
663
over travel
625
piston valves
636
advantages of
642
American semi-plug
637
bushings
636
bushing material
642
diameter of
641
disadvantages of
642
lubrication of
641
packing
64 1
packing ring material
642
setting of
644

reach rod, length of .. ...... 65r
624
release
678
review questions
rocker arm back-set
651
653
setting of valves
626
slide-valve function
665
steam distribution
Allfree system
665
stem and yoke
651
throw of eccentric
650
travel of valve
650
valve motions
645
valve gear diagrams
627
Zeuner diagram
627
Allan, the
663
Gooch, the
663
Hackworth, the
664
joy, the
664
link, radius of
649
link, Stevenson
649
Stevenson motion
645. 646
valve travel
625
Young arrangement, the
66g
Vanderbilt boiler, the
235
four-cylinder cornVauclain
pound locomotive
564
air valves
5 69
by-pass valve
567
cylinder arrangement
565
function of valve
567
operation of
569
precautions in running
57 1
Vaughan-Horsey superheater. 949
Vaporization
6o
heat of
61
Voltmeters
1176
connections
1179

Wagon-top boiler, the
Walschaert valve gear
accessibility
bracing the frame
breakdown and repairs
crankpin, broken
disconnecting radius rod
eccentric rod, broken
lap and lead lever, broken
link-block, broken
link, broken
main rod, broken
radius-rod, broken
steam valve, broken
valve stem, broken
constant lead
advantages of

230
681
685
686
712
713
714
714
713
713
713
714
713

713
713
686
686

description of
directness of
direct motion

PAGE
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687
685
694

magnesia carbonate
908
magnesium sulphate
908
silica
909
sodium carbonate
9439
sodium chloride
peg
physical changes in
1077
precipitation, time of
953
testing for impurities
909
time for precipitation
913
troubles from impure gra
settling-tank capacity
913
911
softeners for
922
American sy stem
912
continuous system
912
intermittent system
Kennicott system
927
Pittsburg system
924
911
types of
92o
We-Fu-Go system
911
softening of
916
benefits of
compound required
914
976
fuel saving by
methods of
9 19
supply of
905
tanks
905
weight of impurities in
879
Water-brake, described .....
t573
Water-bottom, meaning of
i675

6g6
eccentric crank, position of
eccentric rod
69 1
economy of
684
for Consolidation type locomotive
703
for Mogul type locomotive 703
for Pacific type locomotive.
702
fundamental principles ...
682
Helmholtz modification
705
hooking up
692
indirect motion
694
instructions for erecting
697
instructions for setting valves 697
instructions for valve adjustment
750
link arrangement
687
link fulcrum, location of
696
link, suspension point
692
link, radius of
692
method of laying out
694
operation of
686
proportions of parts
68g
radius bar arrangement
69 1
radius rod, the
696
reasons for American use
684
Reuleaux diagrams
705
reversing motion
692
review questions
716
types of
698
valve adjusting, a n o t h e r
method
711
valve motions compared
681
wear
685
weight, saving of
685
Zeuner diagrams
705
Wastes
47
coal waste
48
energy waste
50
fundamental
47
heat waste
48
power waste
49
time waste
49
variable
47
waste of steam
49
Water
905
effects of impure feed
88t
expansion of
59
foaming conditions of
.. t665
good feed, importance of
907
hot, for filling boilers .
892
hot, for washing boilers
892
impurities in boiler

calcium carbonate
calcium sulphate

1745

907

908
907

Water gauge

314

Water-glass out of order
Water level, sinking of

987
i68o

Water-glass,broken

1697

16o6
Water level, registry of
Water scoops, locomotive...867, 877
Water softening
review questions
Water supply
review questions
Water tables
Water, when engine works

905
931
905
931
238, 239
987

Wattmeter, the
1183
1 192
insulation resistance
1r88
integrating
1189
reading of
resistance measurement ..... Argo
Wedge bolt, broken 9 86
We-FuGowatrsfnigy92o
tem
412
Welded joints
Weighing of coal for locomotives
966
methods of
966
auxiliary weighing pocket 968
968
overhead pocket method
jib-crane and bucket method 966
trestle measuring
968
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Westinghouse air pump ..
1 597
Westinghouse ET equipment
2053, 1550
questions on
1517
Westinghouse triple valve
1505
Westinghouse multiple electric
control system
1313
Westinghouse single-phase control system
13 14
Wet compression of air
1030
Wheel base and track curves
36
Whistle, locomotive
312
Whistle stand, broken
489
Williams-White method of coaling
960
Wilson balanced valve, the
632
Wire gauges
1091

Wiring and seaming
445
W. Jersey & Seashore R. R.
1268
electrification
85
Wood as fuel
231
Wooten boiler, the
Y

Yard waste of energy

50

Z

Zero, absolute
64
Zeuner valve gear diagrams.627, 705
627
for D-slide valves
705
for Walschaert valve gear
888
Zinc, to prevent scale

