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-~-RAILROADS SIGNALGS=

Rallroad Signalling is important not only
on the score of safety but also of Economy.
On a rallrcad of small (and especlally of in-
frequent ) traffic, the consideration 1s mainly
that of safety, but the necessity even for -
saroty 1s not a2lways felt until the traffic be-
comes fairly frequent. ¥hen safety demands
signals on account of frequent trains, 1t is
almost sure that it very soon will be found
that a satisfactory system of signals allows a
very considerable increcase of traffic beyond
what would be considered allowable under any
other conditions of working. Trains can be
run more frequently when those in charge of
a train know completely whether the track a-
head of them 1s clear or not, and to show this
is one of the luportant funetions of signalling.
It 1s fortunate on the whole that raillroad
umanagers @may properly look at it that a system
of slgnais demanded by safety, will at an early
date be justified also on the score of operat—
ing convenience and economy.

Signals serve two main purposes:

1, to indlcate conditions as to positions
of trains = ;

3, to indicate conditions otherwise,
mainly as to positions of tracks.

Slgnals in elther of these cases may be
intended -
a, to give information (informatory),
b, to direct the movements of trains (manda—
‘bOI‘Y. b

Slignals of some same sort have been used
for an indsfinite period to indicate the vosi~
tlons of switches, targets being very comuon
for thls purpose, and of various forms: track
gsignals indiceting the positions of trains
wers very early used In souwe locallities, but
were not at first adopted generally, and are
not yet in complete use.

Correct modern practice has demanded that
at switches and crossings there should be sig-
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nals for information and protection, and that
they should be not cnly of aprroved cutward
forz, Tut, in addlition, so inierlocked wlth
each other that 1t becomseg a mechenical impog—
81bility that two conflicting signals should
be given, and aliso, in general, by the use of
A deralling switeh a trailn passing a signal at
danger 1s thrown’ off the track and into the
ditch so that it is an impossibility that two
trains should come in contact with each other
even oy disobeying signals (on single track
lines for instance it is evidently impossible
to absclutely prevent a collision). Such an
arrangsment constitutes whet is called "Inter-
locking".

Modern prectice also demands that a line
of railrcad shall be divided into short sec-—
ticna (often a mile long) called "blocks", and
thet no following train shall enter any block
until the preceding traln has passed to a
point of safety without the block. This con-
stitutes what 1s coclled "Block Signallingr.
iInteslocking® at yards or sidings generally
Decomss a material feature in a system of
1Block Signalilng" bui "Interlocking" ay froe-
qusntly be Introdused indepsndently. It is
reasonable and apprepriate therefore to first
consider Interlocking.

Interloecking.

In =n 1nverlocking sysiem, any switeh or
gignal cen be moved only by an operator in a
tewsr (generally) who opernies (by means of
leverg) all the switches and signals of the
gyeiem. Purthermore, the cverator (somstimes
mors than one) has at any time, the choice of
comparativsly few movementis of switches or sig-
rals, being restricted to those only which are
safs, (wuder conditions existing at that tims)
regard being had to =11 other signals and ave=
nues of travel which already allow the rassage
of trains. Mechanical arrangemcnts are in-—
troduced such that the movement of a lever by
the operaticr not only throws a switch or moves
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a signal, but also acts upon various other
levers for throwing other switches and sipnals
in such a way as to logk them so that ths
other levsrs cannot be moved. This intcr—
locking is arranged in such & way that con-
flicting or unsafe combinations of switches or
g8lgnals are made mechanically lmpossible. An
incoumpetent or careless operator (or e blind
man, as it is gsaild) can at the worst produce

a condition whers train movements become im-
rossible but cannot produce a condition where
conflicting sisnals will be shown, nor whers
trains can come in collision unless in a sin-
gle track, which necessarily allows pasaage in
both directions if in elther, and herp even no
confliceting signals will be posnible; Ddut on
singis track if signals are disobeyed, & head
on collision or a rear end collision is clsar=-
1y possible, but not a crossing collision.

The scheme of interlocking will be under=-
gtood better by roference to the simple case
of a double track crossed by a double track,
as shown in Plate 4. In accordsnce wit h gen=-
eral practice, the normal condition is that
all home signels are set at danger distent
glgnals at caution and all switches (derailing
switches) are open (or set to throw a train)
into the ditech.

A deralling switch, in its more cormon
form, 1s essentially a split swifch which
leads, not to a side track or turnout, but only
far enoush to cauvse derailmsnt. Ordinarily
i1f the derailment 1s to be to the right, the
track or stock rail is bent to the right, and
the right hand switch rall placed to fit close
against it. The switch rod 1s attached to
the switch rall and is connected with a switeh
stand or more generally with the switch tower
froi which the various switches and signals
ars thrown. Tne left hand switch raill is un=-
necesgary and is not used when the derailment
is »revided for to the right.

Plate 1 shows the point only of a derail-
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ing switch and with it a home signal on the
high post, a dwarf signal nsar ths hase of the
post and a machine for operctling the switeh,
but which need not bs further referrsd to nere,
A sinmilar deraill, differing in detail, however,
and working on the principle of the Wharton
switch and known as the Wharton derall is

ghown in €'ate 2. The short rail at the ex-—
treme right éngages the treand of the car whesl
s0 that the flange is carried over the right
hand rail of the track, being puided to the
right by the switch rail proper. A "gscotch
bloek", shown in Plate 3, is sonetimes used as
a deralling devicse.

Referring to Plate 4, suppose a train to
approach from the west. Before 1t 1is sllowed
to pass over the crossing it is necessary:

(a) that the deralling switch 6 should. be
closed (or set for the wmain track); (b) that
the "home sisnal* 4 should go to the *all
cleart or "safety position®; and (e¢) that the
distant signal 3 should also go to tsafety”.

A clear distant signal authorises the train to
proceed at full speed; a train may pass the
distant sgignal 3 when it shows "caution" (the
revergs ofvsafety? ) but in this case it must
be undsr complete control as it approaches the
home signal 4, which it is not allowed to pass
unless this shows *safety". If the engineer
should disobey this signal, and reach the
swlich 6, he elther goes into the dldech 1f the
derailing switch is open, or if this be closed,
he passes the crossing, necessarily in safety
for ths reason that it is lmpossible for any
con“icutng train to reach the crossing when
the swlich € is set for the main track, be-
cause the awliches 5 and 7 must of naceasity
be op#sn (into the diteh); the levers are in-
teriocked to secure this result. Untll some
train avprrecaches, levers 5,6,7,8 are the only
levers free to be moved. In order to proper-
ly pass a train from W to E, the operator
throws (a) lever 6, (b) lever 4 and (c¢) lever
8. Vhen the operator ithrows lever 6, proper
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conncetions from towar to switch cause the
gawlteh 6 to bz thrown, so that it is "elosed®
(=2et for ithe main line). Throwing the lever
6 al=zo acts upon the interlocking in the tower
80 that the conflicting levers for swiiches 6
and 7 are locked, and are no longer fres to
iove, The switech 8 nézd not be locked since
a train .noy safely pass from E to W, while a
train is passing from W to I. Throwing the
lever 6* also acts vpon the interlocking mech-
anism in svch a way that the "home signal®" 4
may now be thrown to "safety" as is safe and
pProper. Vhen 4 1s thrown to"safety" it is
necasgsary that the switeh 6 should remain set
for the main track, Accordingly throwing the
lever 4 locks lever 6 in its reversed position
and also releasss the lever 3 so that the dlg=-
tant signal 3 nay be set at "safety" as 1is
Proper. Throwinz lever 3 in 2 simllar way
throws signal 3 to "all clear" and locks 4 in
the reversed position ("all clsar*.) 1In the
normal condition 5,6,7,8 were the only levers
froe to move. Levers 6 and 7 have been lock-
ed by throwing 6, It is evident then that
the conflieting levers 6,4,5,7,1,2,13,12 are
all locked, and the normal condition can be
again rerched only »y a2 revsrss process DY
waoving in ths ordsr naned levers 3,4,86,

A convenicnt and systomatic way of for-
milating the requirzments in this case is to
ualte two tobles, the first, called the "coubl-
nation ghest" is to show what levers ars to be
moved, and in their »nroper order, so as to
pass a train in each direction, as is siiown on
Plate 4.

This should bs followed by a "table of
interlocking® in which (1) signifies lever 1
in 1ts reversed position and 1 signifiss lever
1 in its normnl vosition. (8) signifies
lever 2 in its reversed position and other
levers in ths sane way. This teble of re-
quirements 1s Murnished to the monufacturers
and they design their interlocking machine ac—
cordinsly. The Table of Interlocking 1s also



ghown on Plate 4. The deralling switch (for
exomple 6) 1s placed comaonly from 300 to 500
feet from the crossing, more frequontly the
former on level or nearly level track. The
home sirnal (for example 4) is placed about 50
to 200 feet further back, ~nd the distant sig-
nal (for example 3), 1200 to 2000 ft. or wore
behind the honme signel. Thess Alstances will
be varied where special arrangeuents are nec-
essary on account of srade, or physieal condi-
tions such as curves, bulldings, or anything
tendin» to interfere wlth a clear view of the
sisgnnls, or sometines to scecure o satisfactory
position for the derailing switch, which in
turn affects the location of the hous signal.
_ For signals to be ussd with interlocking
plants, senaphores nre aliost universally en-
ploved. They are visible For longer dis-
tances then any other form of signal used. A
ge.aaphore is a long narrow blade (generally
flat) attached to a post and arranged on a
pivot or pin so that 1t :ray take either a hor-

zontal position or an inelined position, or
in some cases a vertical or nearly vertical
position. Its length is 1lilsely to be between
4' and 5'gn, The Phil=2de¢lphia and Reading
Seusphore is 4'6* long, 11" wide ot outside
end, taperin~ to 8" near *ho wost. The outer
end of tihe home sirnal is sguare (or nearly
square) and the distent signnl has its outer
end notched or fish-tailed. Plate 1 shows an
ordinary home sisnal seiephore? the  istant
gignel 1s very similar except that 1t has the
notched end.

3y comaon consent the horizontnl positlion

of *he homs 3ignal indicates "danser" and de-
nands'stop" end pereupiorily, for all inter-
locking work (but not alwzys with the block
girnale ). Similerly the horizontel position
of thu distant signal indicates that ‘he home
sirnal may b2 expected to be at danger, ~»nd de-—
imands that the train proceed with "eautlon®
andéd be lmmedlately brou~ht under control. Tor
the "safety" or "all clear" or *droceed! posi-—
tion the blade is dropped tliroush an angle
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varying (on different rallroads) from 45° to
90° from the horizontsl; 1in the latter case
care 1ls taken to have it hang at the slde and
not in front of thc post to "hich it is at-
tachsd; an angle of about 60° rspresents the
2ost comuon practice. Plate 5 showvs a mast
with two seusphores the upper at danger, the
lower at safety. The home slrnals are very
coimaonly painted red often with a white stripe
across the blade near thes ouvter end; the dis-
tant slgnals are often painted green, and fre-
quently with a white stripe (fish~tailed 1like
the end) neer the outer end. The back of
elther home or distant signals is likely to be
painted white.

Dwarf signnls of the semaphore type are
low signals with small anc short blades; their
uge 1s generally confined to controlling
train movenmsnts in the directlon dirsectly op—-
posite to the general traffiec at the point
whexe a dwarf signal is used. The dwarf sig-
nal 1s frequently placed between the two tracks
of 2 double track and the blade made of rubber
8o that it may bend if struck by a car step or
other part of a moving train. Plate 1 shows
a dwarf sigsnal. For nicht signals e lamp is
fixed to the post. An iron frame vhich is at=-
tachzd to the semaphors (at thz other side of
the »ivot or pin upon whieh the ssmaphore
turns ) serves a rood purpose s a balance to
the arna; this iron frame consists of one orx
of two rings as shown in Plate 6. For the
home siznal a red glass 1s placed in one ring
(even 1f there is only onse ring) and in such
Posldion that when the blade is horizontal
(danger) ths fixed light shines throurh the
red plass giving the red sisnal for danger,
which 1s universally adopied for a drnrer sig-
nal both for railroads and for various pur—
posaes. The indication for safety differs on
different rallroads; some use green. Some
usge "white" (or commaon lamp) licht; where
green 1s used, the fixed light shines through
green glass placed in the second ring; where



PLATE 6



h-B-

. white light is used the second ring is unnec—
. essary. Thers 1s evidently a growing tenden—

ey to favor the uss of a green rather than s
white light for s~fety. The 1902 8tatistices
complled by the American Railwav Association
establishes this fuct. no objections to the
white 1light for zafety iz thiat neighborhood
lishts may be mistalen for sisnal lights and
that a broksn red glass will result in a "safe~
ty" signel belng given when "danger! should be
displayed whereas cood nracilce demands that
defectlve apparatus shall cause a danger sig—
nal to be displayed. The objections to the
green light are %that 1t is not visible so far
Or so clearly as the hite light ond that it
i dlffleult %o Ffind a third color to use for
feautlon®, which is cdesirable for instance,

at the dlstant signal when its semaphore is
horizontal. Trxperinents made with "Nels
yellow" ~lass have convinced amny railroad men
of 1ts fitness for this purpose. Such exper-
dents were made at ths Institute, and were
conglderaed favorable 1o its usme. The New
York, New Haven & Hartford has scemed satis-—
fied with thils coubination of rreen and yellow
for colors, and other rallroads also use them,
There is & probebility of “hiir use belng
largely extended, Accordingly, the practice
most favored seems to be to uss red light for
'danger®, gresn light for "all clear' and yal—
low light for "eautiont, For the home signal
then the red light corresponds to the horison—
tal position, =nd tha green light to the in-
clined -(or thc veriiecal) nosition (in inter—
locking). For thc dlstant signsl the yellow
light ecr rresponds %o the horizonial position
and the green light to thc¢ inclined (or the
vertical) position. Otherwise stated red
light 1ndicatc<s "danger" or "stop", green in-
dicates "all clear® or "proceed" and yellow
light indicates "eaution' or "procesd uncer
complete controlr, Some roads use red for
fdanger! green for "all clear! and a combina-
. tlon of red and green for "caution'., Many
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. roads stlll achere to the oldsr vractice of
Ted lizht "danger" white light "all clear" and
green licht "caution®. As to the position of
the slgnal home or distant, approved practice

. for single or double track railrocads is to

. Place a post at the rirht of the track (trains
run rirsht-handed) and to have the semaphore
arm project to the right of the post. (This
will brin~ the lights just to the left of the
post for night signals). In the case of an
interlocked crossing (28 shown) there will be
- one signal only upon A nast. In the case of
* & branch or turnout 1t is custounary to put two
. ssnaphores upon the same nast, somotimes of

. equal size, sometimes with the largor for maln
line and the sm~ller for the branch or siding.
A common arr~nceacnt is for the vwpper sisnal

.+ 10 control main line and th: lowsr the side

. line. Sometimes thrss signals are placed on
. one mast but this 1s less coumnon in more mod-
. em practice. Where three signals are used

- the practice 1s not uniform.

3 Practice A. Top signal controls main or
¢ fast line., Next signal below controls line

= of next importance. Lowest simnal controls

. line of least importance.

Z Practiecs B, Top sisnal controls maln or
. fast line. Next sipnnl below controls side

& line to »ight. Following signnls control

. 81de llnes towards the left 1n regular order.
4 Practlce C. Top siannl controls line to
& éxtrcioe right. Next signnl below controls

~ line next to this and to the left. Lowest

& 8ignal controls to extrenme left.

' For # four track route the arrangement

. fay bc one of two described below.

3 l. Ths geuaphore arms are mountad on

. bracket posts; wher:z the troins run as indi-
- oated in Plate 7 (Plg. A), the arr-ngement of
P 8ignels world be as suaown in that figure. on
L gone rallroads i@ signnl for the hircher speed
“trains would bes sst at 2 hicher elevation than
i other (6 or 7 ©t. hisher) ns indiested in
Plate 8, (Fiz. 26).




, !

rFerFrrFFT

3333333333333

SeabE
ey v

o v 8
FYyyys




T

3 44

E T

g NP Rl

= e =C
siigale




~10=-

¥her:s the trains T™un as indicated in Fig.
B, Plate 7. The signals may well be arrangsd
the same as in Fig, 1; this 1is also trus for
the case of three tracks, vhere the middle
tracl: 1s used souetiies in one dirsction,

. gomstimes in another.

Another approved arrangenont is to set
the signals upon a bridge, in thickh case the
signal is placed over or nearly over the track
to be eontrolled (2 ft. to rirht of risht-hand
rail upon the Baltimore & Ohio). Here sone-
times the high speed signal is plnced higher
thin ths other, Pistant signcls would de
wounted in a similar way. (All this refers
to Intarlocking and may or may not apply to
Block Signals).

Plates 8 and 9 show various arrangements
of sisnals on posts ~nad on brackets.

Interlocking is =1so necessary, and is
largely used, at branches, turnouts, and junc-
tions, anc the problaa here is somewhat dlf-
fercnt. An example will best 1llustrate as
shown in Plate 10.

Little explanation appears nccessary here
in addition to what is shown on the plate.

One lever 5 can nroperly throw two switches as
both mist be removed %o nass a train frou S to
W, and 1% 1s customary to use one lever for
these two switches.  Howe siznal 2 (top) con-
trols main line and zisnal 3 (below) controls
the branch. Ths wmore common and best prac-—
tice sappears 1o be for distant sirnal 1 to show
1gll clear! only whcen sain line 1is clear.
Trains, thercfore, rmst always approach with .
toaution' when they intend to take the branch
line. It is not uncommon to omit the distant
giznal 10 a3 all trains on the branch are ex-—
. pscted nlvays to approoch the main line with

- caution nnd under couaplete control,

'odern practice also demands that all
"facing point switches" shall have a *facing
point bolt" to nae sure both that the switch
* 1s fully thrown end 2lz0 that 1t shall rerain
in place 7hile the train passes over ii. ‘any



JABLE or INTERLOCKING

LEYER|LocKS |RELEASES

O @

@l @ |1

@ | 4

@| 532

®|4.6|9

@ S 7 ComBINATION SHEET

@|® |8 ROUTE |LEVERS

8) Wt F. | 4.2
o 7.7V 6.7.8

©) S. w7/ 5.9.10

Flate 70



1000000000088

|
| .

T 00 0o gogg U

IBAA

DOO0000RO00an

PLATES 11-12-13



17AM

PLATES 14-15




l railroads suong them the"Pennsylvania Lines

b west of Pittsburs® require that the "facing

¢ point lock" shall be thrown by a separate lever
from that used to throw ths switeh, and this

is probably the most advanced practice. The
lockin~ is effected by n Dolt which passes

. through the rod attached to the switch reils
near their point, and by which the switch 1s

- moved. The bolt hole is cometimes sbout half
. way between the rnils but the best vractice

. probably 1s to have the bolt hole (or the lock-
- 1ng) outside the track. Plates 11 and 12

. show two forms, the insicde and ths outside

- locking. It 1s very comaon, however, in in-

.~ terlocking to have one lever perfori several

- functions in connection with the switech, or

" more specifically to (1) remove ths bolt, (2)

. throw the switch, (3) bolt the switeh in the

. new position, and during the three processes
‘entioned (43 throw the detector™bar. The

. detector bar, see Fig. 2, Plate 134 1s a long

. bar which is attached to the rall close to the
. switch rail, and has its wiver surfacs at the

- level of the raill and is long enough to reach

- from /meel to wheel of the longest car. The

. detector bar 1s generally operated by the

" lever for thc bolt lock or by the lever for

. the switch and lock combined; it follows that
. the switch cannot be thrown without raising the
. detector bar, and this cannot be raised vhile

' the wheel of "ny car is over it; it follows

" that ths switeh can by no possibility be care-
‘lessly throma while a train 1s passing over it.
. The ordinary "ficing point bolt" workel alone

' by a lewver requires no erplanation other than

' by sketch. The "switch and lock moteient! by
. “hich one lever does all that is done 1n con-

" nection with throwing the switch requires spe-
' elel 1llustration and explanation. Plates 14
" and 15 together show fairly well how the uove-
‘ment is effected by the Standard Cignal Coilpany.
' The first movement of the crank wiihdraws the

' bolt £né clso ralses the detector bar. . AB
‘the croni: souskimex continues its movement, it
‘acts upon A M which throws the switch, nfter
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the continued movement of the crank acts only
on the detector bhar (which drops into 1its new
position) and on the bolt which by its further
travel, locks the switch in 1its new position.
Pletes 17 and 18 show a similar arrangement
formerly in use by the Johnson Signal Company,
and Plates 1S and 20 the eame for the Unlon
Switch and Sisnal Company. Some engzineers’
objection to the switeh snd loeX movement 1s
that only a short movement is avallable and
when the connections are long, 1t is possible
that the pipes may spring enough to allow the
lever to be thrown home, even whsn the switch
has not been thrown enough to allow the locking
to be sffected. Therefors, some rallroads
gpecify a separate lock movement, bdut even
this has sometimes failed because of a break
in a switch connection, so that although the
switch had not been thrown, the bolt was push-
ed home, but into the same hole; an arrange-
ment of square and round holes has been used
to prevent this. Sone competent signal engl-
neers consider the switch and lock movement
safe vp to 500 feet from the tower.

An arrangement which is common for the
purpose of meeting this difficulty 1is to have
the wire (a pipe is sometimes used) to the
home signal interlocked (2t the switeh) with
the switeh rod, so that the home signal cannot
be thrown to safety unless the switch is in
place. Such an errangement is shown in Plates
20,21,22,23.

The connsction from switch (or from fac-
ing point lock) to the lever (at the signal
cabin) is made by pipes, about 1* in dlamster,
ususlly. Bell oranks as shown in Plate 25
serves to secure change of dire~tion. ¥here
the length is considerable, some provision
must te made to compensote for expnnsion or
contraction. The comnon arrangement 1s by a
"lazy-Jjack" compensator placed midway between
lever oand switch. Plate 25. A simple lever
will serve the purpose, but requires 2 shift-
ine of line, IT cirocwastances allow a bell
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P crank at the middle point, this may be made to
. gerve the purpose of a compensator. The
B pipes run on rollers or pipe carriers as thegny
. are frequently called, which it seems urneces =y
to show here.
The connection from the signal post to
. the lever, is sometimes mede by plpe, and this
. probably represents the best practice, al-
though more expensive than i3 frequentl
thought desirable., - More comnmonly the connec-—
tion is made by wire. Wire, like pipe, ex-
. pands and contracts with tewmperature. It has
" been found less simple to gscure satisfactory
compensators for wire, ani many of the compsn-
- sators 1lntroduced have feiled to prove gsatig-
factoxvy., As a result there has been soie in-
. dispositlion to use them, and & few years ago,
. one nrominent signal company advised disprens-—
¢ 1ng with wire compensators, depending on the
. bending and kinking of the wire to talke up
~ slack and yet 2llow the lever to be pulled by
. atraightening out the kinks. Among, the forms
- of compensators used, and imade, or recoummended
. by rood authoritles are a post compensator at
*~ distont signal, shown in Plate 26, and by
.~ Plate 27 a compensator at the interlocking
. tower and 2lso by the compensating dwarf sig-
¢ nal shown in Plote 28,
Simnnls ars sometlmes opsrated by & singles
. wire, which 1s used to bring the signal to the
. P"gleaxrt position, rellance being had upon the -
- covnterwelght to return the signal to danger,
.~ when the wire 1s released. It appears to be
. recopnized as mueh better practlice to have a
. gecond or a2 return, wire to act positively
.~ upon the signal and assure that 1t will be
. pulled back to danger.
3 ~ Plate 29 shows the arrancement of counter—
welert and wires for = wire connected sema-
. phore signal and Plate 30 for a pilpe connected
. signal, both of these a3 arranged by the Stan—

. dard Signeol Company. Plates 31 and 32 show

- simllar arrangements for the Unlon Switch 2nd
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B S8icgnal Cowpnny. Plotes 33 and 34 show bracli-
b et signnl, one for pPipe conncetsd and ons for
wire connscted simnals.

The lsvers witlh which ths sisnels or
| switches or bolts ars conneeted, are nloced
- 8lde by side, or in e row in on "interloecking
machine" arranged in sueh a way that certain
levers only can be moved at any tius, depend-
ing on the position of other levers.

Plates 35 and 37 show different views of
what is known as the "Saxby and Farmer" ma-
chine, as made by the Union 8witeh and Signal
Company.

If the front of the mwehine be the side
where the levers are placed, then ihc inter-

. locking will be effscted by thz horizonial
. bars shown in Plate 35 at th:s %“op of the ma-

. chine and back of the levers. Tach of these

bars 1s connected with one of the levers in

- such a way that when that lever is pulled out-
ward, the bar is carried longitudinally a

. short distance, and is brousht back to place

- When the lever is returned to place. Attach-

ed to each bar are certain lugs or "dogs" ar—

ranged 1n such a way that they interfere with

the lugs or "dogs" on certain other bars, pre-

venting these second bars from beins moved

after the first bars have been moved; since

bars and levers move together the interfersnce

. 0f lugs prevents iovement of the second lever

as well as movemsnt of the second bar. Ac—

tually the "bars" are interlocked; practi-

cally the "levers" are interlocked whieh is

. the coumon way of expressing the idea. Re~

. ferring to Plate (38 and 37, the lever cannot

- be nmoved until the lateh 1s thrown as the

- latch rod bears against a shoulder as shown in

. Plate 38. Throwing the latch, however, raises

- the risht hand end (and lowers the left hand

. and; of the Mocking link (pivoted in the cen-

. tre); o short conneeting plece p reiches a

. eranlt arm, Plate 37, attachud to a square rod

P Which muns from front to back under *“hes inter—
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locking dbars;:; 1lifting thes vwlecs p causes Io-
tation in the rod which is connected to 1its
appropriate bar and thus moves tlie bar alon

a short distance in vhich nosition it remains
until the levsr is fully tihrowm. mring the
trevel of the lever the rocker 12 not further
imoved, but the rslense of the lateh further
depresses th:s lef%i .nd of *hie rocker, and
ecually railses the richt end of thws rocker,
throwing the interlociing bar further and com-
Pleting the locking. It should be noted that
the lateh moveiaont moves the dar far enough to
interlock ~2ll bars whose levers couflict at
all with the lever ihrown, »nd it is not wntil
~ the stroke of the lever is coupleted, and the
~latch down, that the result 1s accomplished -
not only of lockins certain lsvers, mvi also

- 0f releasing certain other levers ilose Li0Ve-
. ment should follow (but nevsr prec:.ds) that of
- the first lever. This latch movsuont accol-
. Plishing the result stated, is called "prelin-
¢ inary locking" which i3 valued in this country
88 an liaportant feature from the safeiy stand-
point. Plrnte 38 shows a form (The Stevens

- Machine) in vhich thils feature is lacking, and
. Which has the merit of greater econoiy and

. simpliclity and makes it suitable for use for
glding and yar! work. FPor such purnses the
machine is sonctlmes interlocksd, souetlues
nNot. The preliminsry locking 1s considered

- 8ssential for ~ood practice in this country,

- but some very large and important installa-

- tions have quite reccntly becn race in Great

. Britain without this foature.

, A somewhat better 1ldea of the interlock=
' ing seess desirable and Plates 39— 40 = 41 -
42 show first 2 dilagram of 2 sinzle track
erossing another single track, tonether with
‘the "combination sheet* or "manipulation
chart® and the "table of interlocking® or
‘*locking shest" on Plate 39. Next 1in order
‘Plate 40 shows by single lines the levers, and
‘also by singles lines the bars with wthich they
are connected each marked here by the sone
muder 2s its lever, and with a sasll dot or
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elrcle where these lines intsrssct. The dog
gheets nmode hy *he switch coupanlies 2re essen-
tially the sa:ae 2xeept tiint tlie bars ares mua-
bered consscubtlvely from top to hottom so that
lever 1 conneets with bar 2, laver 2 with bar
3, lever 3 bar 1, ete.

Plate 40 shows ths »osition of the lugs
or "dogs" with relation to the cross nieces
(AB -~ CD - &P, =te,.) 1pon which the "dogs"
act, these oross pnleces meving beckirards or
forwards when actecd upon by the inclined faces
of %the dogs attached 4o the bars. The posl-
ticns 1n Plate 40 nre (a) normal and (b) with
lever 6 after th: "prolicinary loeking®,

Plate 41 sihows again %he poszition of the
bars after lever 6 1s fully thrown and the
lateh released (lookine complete) and also
shows posliion when lever 5 1s ~lso completely
throm.

Platc 43 shows pogition of bars after
81111 furtiwr vrogress is aade in throring
levers. The l1last position 1s that of the
bars (or of the machine) sfter all movement
have been made to allow & train to pasa from
A 10 B. In Plate 39 facing point locks are
uged, and the arrangeaent i1s that of the Union
Switeh and Signal Company in 1902. Plate 44
shows an arrangsment with switeh and lock umove—
weny for the same kind of erossing, and is
. taken from a catalorue of the same compeny
| Published in 1889.

Convenlence in handling the levers is se-
cured 1n part by arrenzing the levers in suit-
. 2ble order, and in part dy saintinc the levers
' (exoert the Finished part of +thi handles) in
characteristic colors. Tha color scheme
- adopted 1s as follows:

1 Switeh Levsrs - Blaclk.

Lockk Levers = Blue,

Swltch and Lock Levers - Black and Blue.
Home Signal lLevers - Red.

Distant gisgnel Levers - Grazsn.

‘ For posgition in the mnchine the levers

¢ are mubersd from left to richt the Switch




PLATE 45




Levers, the Lock Levc?s and the Switeh and
Lock Levers nare placec in ths middile. £hare
spaces 1f any come next. Home Sisnal Levers
Are placsd outside of these (Tisht and left)
and at the extrsmes (right snd left) are plae~
ed th= Distant Signal lLevers. The levers for
ths Home and the Distant Siemals which belong
together are, of course, kent on i1z s-ume side
of the machine. Machines are aads gmnsrally
in groups eithsr of fonr levars or of cizht
levers. A complete wachine wlll thus have
sone rmiltiple of four for ths mmber of levers:

- there will often be spars levers as the result,

The Saxby and Farmer type of machine has

locking bars lying in a hrrizontel »lane and
this arrangoient is favorable for ease and
lightness of 'rorking nand conssquent durability.
When the sisnal tower i1s nlaced between tracks,
and the space betwesn tracks necds o be kent
88 small »as possible, the horizontal srrenge-
ment of bars is wasteful of room, and there is
8 clear advantege in arranging ths locking

bars in & vertical plane. The Johnson type

. of machine is arranged in this way and Plste:
45 -shows two views of the Johnson mechine.

- The prelininary locking is accomplished in

- Imch the same way although the rocker is set

. lower and moves with the lever. Plate 47

shows how the locking 1s effected, this plate

. showlng a rear cslevation and below the floor.

- The vertical bars ars raised by the levers and

- bush the horizontal locking bars to ithe right

- or'left depending upon the arrsngement of the

"dogs" attached to then. This arrangement is
sometimes referred to as "cross-locking.

' The National Machine is sinilar in type

- to the Johnson =nd is probably less vsed, and

'1s thought inferior to ths Johnson by the

Union Swlteh and Signal Company, makers of
both. No cut of this 1s shown here. Plates

48 ~ 49 ~ 50 show a vertical plsne machine as

nade by the Standsrd Railroad Signal Company.

The dlagraa in Plnte 50 shows the same ar-

rangement of tracks as in Plate 47. The nor-
jal position of some of the switches 1s differ-
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ent so that the locking she:t is slirhtly dif-
. feront. The wachine 1is 2l1so materially dif-
ferent in its detalls, ancd less clsar than if
fewer lines wers shown. VIt ean be made
cleorer Ly crosgs-hatching the dogs. in red.
Plate 51 shows a machine of the Saxby and
Faraer type umpds dy the Standard Co., which
also makes a dwarf waschine whieh is interlock-
ed tmech tha san® as in Plate 50. The dwarf
dachines ares light cheap machines ‘frequently
set near the trnck nnd at track level, where
the servics 1s less iaportant or less eritical
than vhen 8 tower 1is vused or se .18 necessary.

The 1nterlocking “hus far shown hrs baen

. accouplished by levers pulled »y hand by a .an
or gseveral men in the towsr. ¥ith very large
or lLaportant instrllations, the worli required
becoues ~reater than can be satisfactorlly psr—
- formed by manual operation; the working by
- hand on n large scale beco.ies unecononmical
i also. As a result, powsr operated iiachines
have cowe into use, Soue of these are operat-—
- ed by electriclty, soue by coupressec air,
- 80ie by a cowbination of trc two. The Stend-
ard Co. mnkes a :1achine whieh izay be described
78 "all pneuviaaatier. In this wachine the ac~-
tual interlocking is purely uechanical, and i1s
of the vertical plane type shown on Plate 47
: Or Plate 50. The wsthod of interloecling will
be understood by raference to Plate 53. As
‘the handle to thu left of I is pulled out, the
"cam—-slot" just above the letter I operates
' the vertical rod H which accowplishes the look—
ing. The left hand inclinzd part of the slot
lowers this vertiocal rod H enough to accom—
plish the preliminary loecking; +the horizontal
part of the slet allows further movomcnt with—
out affecting tlis loeking, while the rirht-hand
‘inclined part of the slot further lowera the
rod H nnd completes the locking, The fune-—
tlon of thes coupressed air is to operate the
swltch or the signal, The praliminaryzmove—
nent of the lever also arranges valve 1° go
that the air passes fro: the aain supply X to
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the vipe a and through this to the switeh
where by sultable valves the switeh wovemrent
1s properly effected. The lever cail a3 palle—
ed out only so far as is al&owed by the pin
connected with the piston I® which iwoves in
the horizontal part of the slot which ig di-
rectly under the letter g. No furither move-
ment 1s possible until I is free to move, and
this happens only after the switch and lock
ovement (at ths switoh) has been compleied,
when a valve at the switeh allowys the air to
rass into the diaphragm valve whieh in tum
opens a port so that air can flow from X %to IR
which 1a pushed up and by its action completes
the stroke of the lever. It should be under-—
stood that the lever is first pulled by hand
as far as 1t will co, and 1s then left alons;
the completion of “he stroke bein~ left for
the air to accomplish. The operator is thus
free to go to ths next lever nesding to be
Pulled. During the stroke the piston I has
been pushed down by lever L.

For the reverse :movsiicint the action is
gimilar, The lever is pushed back as far as
1t will go, is restrainec by I, and the com-
pletion of the switch movement 2llows air to
Pass to I and complete the stroke. The com-
Pletion of the stroke =lso cuts off connection
from X to a. The action at the switeh is
not quite so avparent from ths sketch, but can
be easily explained. The slot piece M has
two cam slots, one which is clearly shown
operates the switch; nanother, not visible,
operates the valve D. Alr in a opsrates

5
valve R , and opens connection from X te the
right end of cylinder ¢ pushing the piston to
the left; Y goes with it. The 3troke of M
may be considered in thres narts. The first
Part serves to withdraw thz switeh bolt and
also acts on valve D closging connection bhe-
tween w nand y, while u and v are open to the
atnosphere; the middle part of the stroke of
M throws the switch but does not =2c¢t upon the
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valve D; «he third part of tiis stroke of Y
throws the bolt and locks the switch, and inm-
medintely following this it acts on the valve
D to establish connsction between v ang Yo
The e1r in pipe & then flows throush R, 4,v,
D,v, to R? where direct connection is uade
from X %o Ise The reverse motion 1s simllar,

Pushing the lever sstablishes conneetion fronm
X to b, the switeh 1s thrown, and the return
“

econneotion is b, ¢, w, = t0 R where connec—
tion 1s established from X to I.

The sifnal movew:snt is siailaer, as shown
in Plate 54. Pulling the levor s=cuaits alr

%o a and thus %o R? which makes connection
from X to piston Aa which throws ths semaphonre

to safety. It s8lso acts on As wihich cuts off

connectlion from e (through 3B) tc n. No retumrm
action of the alr 1s necessary hsre as no ac-
cident will result 1if *hc signal reaains at
danger when it shourld go to safety. With the
return stroke it 1s different. The signal
mugt surely be at dancer bsfor: other levers

. are pulled. Accordingly, on the return move-
axnt the lever c¢annoi be mushed coumpletely in,

B belne hoeld »r I. The oir flows “hrough » to

; R?, and thus from X throurh e to top of piston
3 Ag whileh restores seuaphore to danger. There

- 18 no connection from e %o n until Az 1s pull~

- ed cown (by ) but when this is accomplished,
. then valve B allows air to pass from e through
' n to R!' which opens connaction from X to I

. which completes the stroke. The ac¢tion of

. the valves in detail is not very clsarly shown
' by the sktetches although these aild in giving a
general ldea of such action. Plate 55.
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The YAll Tlectrie" system has also nmet
with considerabls favor. The form best lhown
at present 1s that made by the Taylor Signal
Co. A general view is shown in Plate 586.

The locking is, (lire the "all pnewaatic")
wechanical, of the vertieal plane type, and
worked by a cam slot. Plate 57 together with
Figs. 3,4,5, of Plates 58 and 69, lllusirate
this very well. Figs, 4 and 5 also 1llus-
trate the opsration. The stroke of the lever
is conagidered in five positions as is also the
stroke of the sliding contact dlock Z as indl-
eeted in each case by the fipures 1,2,3,4,5.
At pogition 2 prectieally nothing 1s accom-
plishad exespt ths preliuinary locking. At »o-
sition 3, ¥ acts on K forcin~ latch L into the
Fig. 6 position and nllowing dog P to drop 1n-
to Mg, 5 position while Q has revolved cam N
into a horizontal position as shown in dotted
lines in Fig. 5. The sliding contact block 7
is neutral, not connecting with either set of
brishes XX or YY. In P position 4, the only
phanges of lumportance are that Z connects XX
and the cam N is further revolved into its
full line position of Tlg. 5. Murther motion
of the lever is »revsnted, becauss “he projec—
tion J boars against tooih Q. Howsver, the
electrical connection XZX closes the circuilt,
with the result of ‘hrowing *he switch (or
gignnl); hsn the switeh moveuecnt ls couplet-
ed, (nnd not before) anothier circuit is closed,
passsing through magnet I, encrgizing this and

. 1iftine arueture T; this carriss plunger R

nnd this strikes dog P, thirowing this out from
under lateh L whieh falls aad ollows the handle

- to be pulled further out to complete the stroke

and complete slso the interlocking. The temm
tindization® is used in re¢ferring to the final

. return 2ction whieh 1is required before the

. gtrolz cen be coupleted. The moveizant here
. resarbles that of 'all pneumatie" in that the
| gtronc of the lever cannot be comnletad untll

the switoh 1s completsly thiromm. In the slec~—

- tric mnchiine, the complotion of the stroke is
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made by hand, In the pneumatic, the comple-
tion of the stroke is antomstic. It epveurs
hardly worth wvhile at this time to take upr uvn:s
additional electrical arrangements connecied
with the machine or to deseribe in dstall the
electric motor pleced at the switeh; or at
the signal post. Plate 59 shows a sipgnal
motor. A common method of providing the
power for these 1s by a gasolens engine whlch
drives a dynamo.

The Ctendard Co. end the Union Co. have,
each of theun, provided an "all electric* sys-
tew which are toc new to receive snecial at-
tention (in 1904).

The "Electric-pneumatic" which is shown
in Plates 60 - 61, has been in successful use

longer than either the *all pnuematic® or the
. "all electrie. The switchas and the signals
are operated by machines worked by coumpressed
air and located close to the swiltches or sig-
nals, The ‘'valves régulating the alr are oper-
- ated by elcotricity; the electrical connec-—
tions to any switch or signal are made in the
tower by turning A handle in the machine to
right or left (instend of pulling). The in-
- terlocking 1s purely mechanical.
The "push~button' wachine is a similar
. machine for use where interlocking is not re-
guired; this is the case in distributing yards
for instance, and in this case the simplicity
of the push-button machine allows rapid move=-
ment. There i3 a row of buttons sbove and one
below the number for any switch..or sienal nove-
- ment. The upper button works the direct .10ve-
ment and the lower button the reverse move-
ment for the smae swiich (or signal). Plate
62 serves to illustrate this,

The work of the machine and the nuuber of
levers necessary to secure a desired result
have been reducel materially by the use of two
devices, selectors and indicators. The ac=
tion of the selector is this; whon one of
geveral switches, closs togsther, has been
. throwm, the parts of the "sslector® are also
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acted upon and put in place so that the signa.
lever, when pulled will &ct upon the signal
which zoes with tha switch already thrown; eF
" each switch pipe when moved, arranges the paii:
of the selector in a different way, one sigia.
lever vill throw eitherone of several signals,
dependent on the action of the selector.
geveral forms of selectors are shown in Plates
63 —~ 64 -~ 605,

The "indicator" is somewhat similar in
its functions which may be descrived as fol-
lows: Whers a turnout leads to several switch—
es further on, a single signal at %hs main
track will serve to show that the turnout is
open but this signal will not alone show which
of tne further switches is ready for “he train.
These switches way be ihrown Dy hand without
connection with any machine. A connection 1s
. made with the signal, however, so that the
pipe or wire which works the signal will also
bring into view one of several plates each
marked with a muber to show which switch 1s
open.

*Block Signalling® es has been stated is
ugsed to secure the result that a line of rall-
road shall be édivided into a series of short
gsections or "blocks" and *hat no following
train shall enter any "block" until the pre-
ceding +rain has passed to a point of safety
without the "blocki" An "absolute" block sys-
tem requires imperatively that the second
train shall not enter ths bloclk until directed
by signel to 4o so0. A '"peraissive! block
gystenm allows the second train to entexr the
block under some circumstances, even when the
signals indicate that the bloeck is alreadr oc—
cupied. A %train entering a block under these
circumstances mmst »roceed ivith caution. One
reason for the use of the "perissive" block
gystem is the possibility of signals giving
folzse information owing to defects of appara-—
tus, & result to be expected occasionally, cer-
tainly with automatic signals and perhaps with
others. The block systen 1is a "sgpace inter-
val" system where trains are ﬁqna kept a defi-
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~-Tite distance apart; it differs from a "time
interval" system, where a second train may
pass & given point only when a specified time
has elapsed after the passage of the first
train. The time interval system 1s svidently
not well adapted to secure safety and cdoes not
now meet with favor. It 18 not thoupght prof-
itable to explain apparatus for giving tiue
interval signals although some of these are
ingenious and interssting.

The slmplest form of "bloeck signalling®
i1s perhaps the ordinary case of manval blocl-—
ing, where the length of the block is the dig-—
tance betweon telegraph stations and the tele-
graph operators work ths signals. When trains
are infrequent a long bloeck has little disad-
vantagces The installations of block signhals
in this case involves little expense for thre
Plant (the signal spparatus) and ths expense
Oof operating i1s increased by the wages of an
inereassd number of operators together with a
small allowance for repairs and deteriorziion
of apparatus. (Night operators are necessary
at every block station). The operation of a
"manual block system' is as follows:- oOn the
double track railroad shown in Plate 66, A B
is a block as are also B ¢ and C D. Yhen an
eastbound train approaches A (from W) the sig-
nalman at A, if therse is no train in the dlock
A B, sets sicnal § in the "all clear" position.
The traln proceeds as directed (or pemitted)
by the signal, and@ as soon as it has passed,
the signalman puts his signal in %he dangsr
Position, and notifies the signalman to ihe
west that the train has vassed. When the
traln approaches B the signalmsn gives a clear
slgnal 6 1f the bloeck B 0 is elear, and when
the trainPassed B sets signel 6 sgain at can—
ger and notifies signalman at A who then seis
his signal 5 at "all clear" again, and is
ready to pasa the next train from the west
when 1t coies, Fach signalizan has a blank
on which he keeps a record of each trein pass—
ing his station. Each train has a muber
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and sach engine has a nuuber and it is custo-
mary to enter both nuabers in the record,
Freischt trains not regularly scheduled are nat
nuabered anéd the sngine number gerves suffi-
clently to identify then,

The record or report may be in the form
shown with Flate 66, The Tirst colunn gives
the train mudber; the sscond, the sncine num-
ber; the third 1s headed with the nawe (or
telegrarh call symbol) of the station next
west (as A), and shows the tilie of departure
of train from that station; the fourth and
fifth are headed by the n.me (or call) of the
glpnalman's own station (as B), and the two
colitrms show times of arrival and departure -
fro: that station; the sixth coluwmn is headed
by the nane(or ¢all) of the station next east
(as C¢) and shows the time of departure from
that station.

The lever by which the signalman opsrates
his signal, can be, and senerally is, close by
the table at which he vorks. The esgages
betwesn stations A and B oxr between B and C or
between C snd D can be gent by telsgraph by
the common llorse slphabet, when the signalmen_
are telsgraph operatora,.or by telephone. It
is sowewhat comizon in Encland, and now not al-
together uncomaon here to use bells for messe—
ges betweasn signalizen and "bell codes" are ar-—
ranged to cover all questions and answsrs nec—
essary for copnerating the ploek sipgnals. For
instance -

1. Acknowledzemen® of any sienal except as
herelin ﬁrovided -
3. Unlock way lever. 2-4 Has train clear—

ed?
4 Train has entersd 3-~3-3 Train to you
block, broken in two.

4-2 Train has cleared, etc.

The advantage of the "bell cods" 1s that
an inexperienced man can learn the code more
readily than he can learn telerraphing. Men
abls to opsrate by "bell code! can be more



readily secured or more gulckly seducated and
for less wages. A phrage 1s sent by a few
rings of the bell which makes this system
rather quicker also. An elternative is a
dial with 2 needle whose pointer shows whether
a train nhss passed the succecding station or
not; this is limited in scopse.

The method of commmnication between sig-
nal stations may then be (a) telegraph (lorse
alphabet) (b) rell, (c¢) dial, (d) telephone.

With & "pell" or "dial" commmnication 1t
is practically necessary that there should be
special wires frou station to statlon, and
that $he opsration of the hlock system should
be in the hands of the operators at *“he sila-
tions, thus fixing the responsibllity clozely
upon ths operator; when the Morse taslegrapn
18 used tho arrangement may stlll be the sams,
and this represents good practice in this uat-
ter. Adbantage may be taken, however, of the
regular wire used by the train despatcher and
by agents and operators for the genexral bugl-
ness of ths raillroad. In this case any mes~—
sage sent can be heard by any overator on that
line, and the train despatcher can, if he
wishes, have complete knowledge, or even exer-
clse couplete control, of all train .ovements
from block to block. If this is done the
system differs little from a "train ordex"
gsystem, where trains are run by telcgraphie
orders from the despatcher, and a traln passes
any station or stops at it depending malnly
whether a *"train order' signal is displayed or
not. The "train order signal" on many roads
is of a specinl form as shown in Plate 66, or
of some other peculiar form which finds favor
with the railroad using it. In soie cases,
or in many cases a semaphore is used, but this
often ¢iffers in form somewhat from the sema-
phore used for interlocking or perhaps for
gensral block signal work. Advanced practlce
asks for a train order signal uniform with the
?1oct signal, so that as the trailn ordsr sys-
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" +tem elther merces into o block systen, or is
abandoned for the bloek system the squipnment
in use can be utilized without change (or ma-
terial expense) in fitting it into the new
gchene., Plate 67 shows a forn of sexmaphors
in use on the A.T. & 8t. F. Ry. for sStation
girnals or for Block Signals., Plate 58 ghows
a pecullar fora ("hoot-—jack') used on Lthe L.S.
& M.S8. R.R. but this appdarently is uvsed foX
both Block and for Intorlocihing signals. The
diagram explains itszlf sufficiently. Platie
69 shows *the ordinary arranceumcnt for connect-—
ing the levers in the station with the sona~
phiores (one for each direction as enst and
west). Fiz. 1 shows a wire connection; Fig.
2 a vine connection. The lsvexs are of dif-
ferent form depending vpon whethor the opera-
tor is on the ground iloor or in the second
gstory. In this case both signels are on one
post directly in front of the station. A
bstter arrangement for train movawzents is to
have the signel for nny troin sbout a train
length beyond the station, so *that & trsin uay
gtand opposite the nlatform whlle awaitlng a
clear signal. Then vsed as a train order
signnl only it is sometiues arranced that the
signcl must stand at *danger" execdht whillie
heléd at vsafety" by the onsrator. vays are
frequently found for "beating such & schaae".
In the simple system of blocking outlined, an
eleuent of danger arises fron the feet of muaan
fallibility. Yhile in general it works well,
occasionally an operator has heon fornd to dis—
play & clear si-mal before the trein hag left
the blogk ~head., This has come 2bout soue—
tines throuvgh ocarelessness (or recklessness),
gonetinzs through misunderstanding between the
signalien. :

_ The "Controlled Manual Block Systea" caue
into use for the purpose of curing this dif-
fioulty;: 1in this svetem not only must the slg-
nalaaan No. 1, nsk the signaluan ahead No. 2,if
the bloek is clear but he must also ove the
proper lever (or sinilar device) in his na-
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chine and by electrical connection act on the

slgnal of signalman No. 1., and relsase a lock
on 1t; signalman No. 1 is powerless to clear

the signal until this 1s dons.

In order to make the safeguards more com—
plete, in some quite modern instruments 1t is
made impossible for signalman No. 2 to unlock
gignal No. 1 until the block is actually clear,
that 18 until after the train has passed sig-
nal No. 2, and until the $rain has by eleciri-
cal connections effected a relsase of a icck
in the machine of sipnslman No. 2. A further
refinement allows signalman No. 2 to unlock
siznal No, 1 only during the time when signal-
man No. 1 is holding his machine in readinsss
to be unlocked by sienalman No. 2. The ma-
chines used for these purposes most commonly
are the "Sykes! the "Patenall" and the "Cole-
inan" mechines, the latter being the latest and
most elaborate. A detailed description of
this may be found in the book "The Block Sys—
ten" by B. B. Adams, published by the Rallroad
Gazetts, N. Y, Another excellent book on the
subject of signals is "Block and Interlocking
Signnls® by W. H. Elliott, published dDy Loco-
motive Ingineering. N. Y. The details of the
electrical and mechanical arrangements to se-
cure the results outlined above, are too elab-
orate and complicated to be advantageously
described hers.,

Where the traffic 1s large ths signal
stations must be correspondingly close togoth-
er, and signal towers will necessarlly be pro-
vided, vhich will be used only for slgnalling
purposes, and the expense for installatlion,
for operation and for maintenance will all be—
cones ltems of consequence, but way easily be
warranted either on the score of safety, or
without this, purely on the basls of the in-
ereared capacliy for traffic. It will be un-
dersatood that in this systeia, the signals are
operated by the signalman by mechanical con-
nectiona, but are centrolied (to secure salciy)
by electrical cornecilons operated in part by
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the trains themselves.

The *Automatic System" might with pro-
priety be named the "Electrie Automatic System"
aince its feature or characteristic is that
the train itself establishes electrical con-
nections which reach the proper sigsnals, and
control them so that they take the »proper po-
gition "safety® "caution" or "danger", the
work of moving the signals being accomplished
by weights, by gas pressure, or by electrlic de-
vices (uwagnets or motors) or some other force
convenisntly arranged. The signals are moved,
however, without any direct or immediate man-
ual application, the system being thus vauto-
matie®,

Automatic signals have the electrical con-
nections established (by the train itself)
through (a) Track instruments, or

(b) Track circults.

The track instiument is shown in Plate
70, and is simply e lever one end of which 1s
depressed as the wheel tread presses on it;
the other end through suitable devices, makes
or breaks an electrical circuit which effects
the desired chanme in the position of the slg-
nal. The lever L depressed by vheel 1lifts
(or kicks) piston S upwards, air in the cylin-
der passes from above to below 3 through open-—
ing Y and post X, when S covers Y further 1lift-
ing is resisted by the air cushion avove. As
S falls its action is retarded by the alr be-
low it whose escape seems to be regulated for
that purpose. The upper right hand figure
shows that 8 in rising, by means of its coni-
cal top presses against the roller of A and
revolves this swinging arm so as to result in
the spring B pressing against its anvil C mak-
ing a closed circuilt from button 1 to button 2.
Apparently this instrument when acted on by
the first whesl of a moving tralin will have
the circuit closed (as shown here) and the
piston 8 will fall slowly enough so that the
contact of B and ¢ will not bpe broken beiwoen
the time of passage of two consecutive wheels
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of a moving train.

Plate 71 shows a simple application of
the track instrument. S shows the signal
(a disc) operated by magnets; D 1s the track
instrument opposite it, whose function is to
throw the signal to danger. B is a similar
track instrument to throw sisnal to Yecleanr
when the train reaches B. The instrument B
1s 1like that shown on Plate 70. In D the nor-
mal position is closed, and a wheel pagaing
serves to break the circuit. X 1s bailtery,

R 1s relay. Normally (top view) closed cir-
cult 1s from X through 5 = I = I = 4 = P'= P -
-3 =-8=-28 =-E~ 1~ to X again. The cur-
rent through R maintains P!'P in contact,
through S it holde signal at safety. When a
car wheel breaks contact at E, R is demagne-
tlzed, and contact P!'P is lost; signal 8 also
drops to da .ger. This is shown in the middle
figure of Plate 71. Renewal of contact E
falls to open circuit since contact P'P is
8t111 lost. ¥hen car wheel makes contact C
at track instrument B, a closed c¢circuit is es-
tablished through X = § = r = =6 = ¢ - 1 to
X again and contact P'P 1is reestablished.

The signal S does not go to safety so long as
contact ¢ 1s maintained, because signal S of-
fers much resistance, and relay R 1littls. The
current (nearly all of it) flows through ¢ and
not until contact ¢ is broken, is there enough
current throush 3 to operate signal. The
slgnal, therefore, is at danger until the
wheels have all passed.

The ‘lower figure of Plate 71, shows an
additional feature in a switch instrument G.
Apperently after the switeh is thrown the sig-
nal can be brought to safety only through the
action of B. Plate 72 shows a switch instru-
ment.

The Hall Signal Co., has used treck in-
struments in earlis> installations, &nd Plaies
70 and 71 are taken from their caialogues and
the'signal shown is of a type freguentiy ussd
by them. It should be understood that Platie
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71 is shown by them and hers slso only to sliow
simply in a preliminary way a scheie of opera-—
tion that can be saslly understood. The form
of signal is better shown in Plates 73-74-75,
The type is 1most properly known as a "disec!
signal, A more common desiemation among rail-
road men in genarsl is "banjo signalt, No
formal explanatlon seems necessary here.

The "Track Cirecuit arrancement to accom-
plish a similar result can bo understood by
reference to Plate 786, In Pir. 16, thers 1s
a closed circuit from battsery through lower
raill, relay and upper rall back to battery.
The rTelay allows the sirnal battery 1o hold
the gipnal at safety. When connection is
made between the two ralls the relay faills to
act on account of tiie short curcult through
the rails, the circult from battery to signal
is broken, and the signal goes to danger. A
broken rall, or almost any defect of apparatus
will have the effect of breaking the circult
and throwing the signal to danger which 1ls con-
sidered a desirable feature in all signallling.
An open switch can rendily be arranged to have
the same result. then the train passes out
of the section, the signal again soes to safe-
ty. It will be observed that a break in the
ralls is shown at each end of the section.
When the rall circuit system is used, the
joints at each end of the section ere "insulat—
ed" by interposing some non-conducting sub-
stance between the rails and the joint pieces,
so that each section will be insulated from
the other sections adjoining. To get good
results in freedom from resistince, it is _
found necesgsary to connect two sbutting raills
within a section by means of wires (bond wires)
generally of copper. The matter of insula-—
tion has becn the szuse of a good deal of
study, and ths bonding of rails is also a mat~
ter worlthy of definite attention. Bend wires
under heevy traffic tend to work loose., Plate
77 will give zome idea of bonding and of insu-—
lation of Jjoints.
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The simple arrangement shown either fox
ths "Track Instrument® or the "Rall Circult"
gystsia has serious defects. In the Track In=-
strument sysiem, for instance, the forward
wheel of a train just stopping may seit the
gignal (behind it) to safety, and the whole
train behind it will stand in the section for
which a e¢lear siesmal is shown. If a train
breaks in two and the forward part runs to the
track instrusent, a clear signal results, al-
though most of train may stand in the section
and perhaps at some very dangerous point., The
same thing is true even of a controlled manual
block system, unless souething of the rall olr-
cuit systen 1s combined with 1t. The raill
eircuit system is not subject to these critil-
eisms and snpears to be accepted as superlor
for automatic signals. The simple system
ghowm above is, however, subject to the defect
that a train standing barely within the second
gection is in danger from a following train if
the signal Snearly ovposite the beginning of
the section) cannot be seen soon enough to al-
low the following train to stop in time to o~
vold an accident. The remedy is to adopt
goue system which 1s necessarily wore compllcat-
ed so0 that the first train cannot frse the
back siscnal =s soon as it passes into the next
gection: 1t must pass beyond to the length of
an additional (short) section called an "over-
lap* befors the back signal can be cleared.
The tr~in is then nlwnys protected by a signal
at denger and far enough behind 1t to allow
the following trsin to stop even if ths engl-
neer sees the danger sigmal only when abreast
of it; s may be the case in fog, or under
gome othaer unfavorable circumstances of weather
or perheps of topography.

Plate 78 shows the wiring for such an ar-
rangement. A serinus disadvantage and also
an slement of danger in thils arrangeusnt ex—
i1sts in the fnet that the engineer does not
see his signal move as he passes 1t, Yecause
it does not move until the front of his train
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18 1500 feet (or whatever ay be the length of
overlap) past the signal. The dsfect 1s cur—
ed in part by introdueins another signal (tell-
tals) at the end of the section. The enginesr
can sese this uove, and its position of danger
benind the train is 2 protection as well as an
indication of the position of the othsr signal.
A stiil better arrangeuent is to have the "over-
lap! scheie nore complete by the device of an
overlap section, which is a complete sectlon
insulated like any other seetion. A train
running over the line 'rill then pass over the
main section nr block (of considerable length),
then ovaer ine overlap sectlon (only of suffi-
cient lenginh to snfely stop a train), then

over the next main block section then over the
next overlsp, and on in this order indefinlte-
ly. Plate 79 shows two nethods of wiring
which have been used by the Union Co. for
track circuit and overlap block signelling,

the lower scheme being thought more desirable.
The arrangement and changes in circuits due to
the passage of the train are not diffiocult,

and are left as a study or problem instead of
being explained here.

The upper firure in Plate 80 zhows an
older arranzement of the Hall Company for an
overlap scheme, and the wiring includes a
switch with its switch instruaent. The lower
fizure shows an overlep scheme (an old one of
the Hall Coupany) whers track instruments are
used. The arranceuent is more eleborate than
seewg necessary for the traek circult schems.
An exnlenations of the circultis way be of ad-
vantage, B ¢ represents ihe overlap. The
gisnalg 1 = 3 - 5 are 2ll "elear" in the nor-
mal position shown in Plate 78. The normal
circuit is battery X, wire 1, magnets E, point
contact e'e, wire 2, magnets ¢, closed spring
contact p, wire 4, instrument a, wire 5, signal

1 wire 6 econnecting back to X; contacts e'e
and p are depcndent upon having a2 closed
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eircduilt through T and G; 1f E is demagnetized
contact e'e is destroyed; 1if G 1s demagistliz—
ed and In addition H 1s magnetized then con-
tact p is lost and contact 0 1s established.
When train passes A, track instrument a' has
contac® estavlished but the effect of this ia
felt only on the back section. Track instru-
ment & has contact broken, the circuit thrcugh
signal 1 1s broken and the signnl goes {o dan-
rer. Tne breaking of the cirecuit demagnstiz-
o8 I and ¢ so that contooct e'e 1s lost aud p
will loter be lost as will be described later,
Vhen the train has passed A and the contuct a
is again established, simm~l 1 still remains
et drnger cuo to the loass of contact e'ec.
Then train passes sinnal 8 contact b is lost,
and sisnnl 3 goes to danger. In addition to
this contact b!' i3 established, There 1s
then 2 closed eircuit as follows: Dbattery X,
wirs 7, nogaet H, wire 8, traok instrument b’,
wirs 6, back to X (passing snd of wire 11),
The magnetization of .aagnet H establishes con-
taet 0 and cdsstroys contact p. Yhen the
troin has passed B the only permanent result
is the establishuent of contact 0 and the loss
of contact p. Then troin reaches ¢ at the
end of the overlap, there is found ~ clored
circuit frou battery X through wire 1, magnet
D, wiro 13, wire 9, track instrument c, wire 6
returmn to battery, Another closed circuit
also exists; batiery X, wire 1, mesgnet I, con-
teet 0, wire 9, track instrumsnt ¢ and wire 6
back to X, The mognetization of magnet D es—
tablishes contact d'd and of magnet E, contact
e'e, Now ¥ %¥losed circuit 1s in operation;
battery X, lre 1, magnet E, contact e'e, wire
3, wagnet G, contaet 4'd, wire 11 and back to
X Tor the time being the contact p does not
exist, dbut as soon as G bescones magnetized (H
was demagnetized when the train passed B) the
contact 0 i3 destroyed, contact p is again es-
tablished normally as in ths beginning and
gignal 1 goes to .safety again,

The interlocliing relay instrument 1is
shown in Piate 81 A one of these 1s the Hall



and the other the Union type.

Tn all cases shown thus far the normal
position of the signal has been "clear" and
the signal has gone to danger as the train
rassed. With the track circuit systems, the
eircuit has been normally open and any accl-
dent to the line by short circuilts producsd by
wires crossing would cause the signal to go to
dancer the same as 1f a train wers cn the
track: a break in the wire, a break in any
raii would break the circuit and the signal
would go to danger. It is a general princi-
ple to be obgerved in signalling (as previous=
1y stated) that any defect of apparatus should
lead to a "danger" position of the signal.
one possible danger is that a signal left a
long time at safety micht, in a sleet storm,
become frozen and fixed in the safety position.
Furinermore there is soue waste (in cost of
pattery) in maintaining & signal elrcult as a
closed circuit. This would be true espe—
claily where thers are a few trains a day.

As a Tesult of these and perhaps other consid-
erations, a system has been devised called a
tNormel denger* system, 3s distingulished from
the "nornal clear" system such as have already
been considered, Plate 82 shows from an early
Hall Coupany's catalogue what is called then
the YWilson Self Indieating Track Circult Sys-
ten' , which is a "normal danger" sysiem. It
phould be nmilerstood that iy a normal dangen
gystem, “he signal remnins at dangex only. unw
$11 t¢he npproaching train 1a one Dblock away;
fhe train ihen acts on & track cireuit in such
8 woy o8 to throw the signal ahead to clear,
g6 that as the ¢rain wore closely approaches,
the signal sives the proper clear indication
{unless the blogk ahead is ooccupled), The
¢ownon Errangement as already suggested has
been for an open cireuit where no train is
nears  The approaching train in ghe "noImag
danzed® gystem hns the effect of closing the'
eircuit, in which case the signal ahead 1s
brought to safety. As » closed circult 1s
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necessary for & safs sisnal, the general con-
ditlong o good signal vractlce are maintalned,
as ey cdefect of appuratus may be expected to
Preveut a ‘cleaxt signal, Plaie 82 shows the
"Wilscn syuvam¥ rafexred to abevs. Iis ac—

tion does noui rsduire spescial oxplaneiion.
The adveniages and dlpadvanvages ¢f vhs "nor-
mal ciear” aund "normal dangar! gyseemns ars a
sutioet of discussion or coniroversy belwesen
slgnal companies and between sigral engineers,
and the advantage is not in all points in fa-
vor of either system.

The systems described appear to have
reached a point quite satisfactory looking
from the standpoint of safety. Yodern ro~
quirements on a road with many and especially
wlth fast trains look hard at "conveniencs! of
operation also, and from this standpoint, the
engine runner needs earlier information than

1s given him by a single signal controlling a
block. For fast trains, therefore, two sig-—
nals are required for each block, the "home
signal" at the beginning of the block and the
"distant signal® at an appropriate distance
Preceding 1it. Where a line is divided into a
serles of blocks each consisting of (a) a long
nmain section (insulated) and (b) a shorter
overlap section (separately insulated), a com—
mon arrangement is to place the distant signal
at the beginningof the &hort (overlap) section
and the home sIpnal at the end of the overlap
and beginning of the longer main section. The
early assurance of a clear route for some dls-
tance ahead, which 1s given by a distant sig-
. nal 1s of considerable advantapge in fast run-
ning; a block not clear is protected by two
signals, one of which (the distant) is a warn-
ing only and does not demand an immedlate stop;
the second (home) indicates a train close by,
in advance;, any train passing a home gignal
at danger (if the rules allow this) must ox-
vect to catoh sight of the earlier train at
any moment, and must be under very complete
control for a sudden stop,
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Plate 35 gives some 1ldea of the posifions
of heme and distant signais of the Hall type.
The gencral sketch shows track instrumente,
while the sketch of wiring i1s arranged tov
track circuits and will be referred to latax,
The forwms of the Hall signal have been siiom
in Plate 73. The Union Switch and Sign=l Co.
have somewhat similar sicnals in the Banuer
Signal showm in Plate 84, and the Disc gilgnaal
gshown in Plate 83. Plate 87 from the Cata-—
logue of the Union Compeny shows various or-
rangements of signal systems and of sigihcls;.

A shows disc signal, B banner, and C segaﬂhore
saignals in various positions. D shows a
track with switch, and with wiring for ordinary
" track circuit systen. This differs from ©the
Hall only in the fact that the Hall carrics
the circuit through a .switeh instrument.

Some of the Switch Compeanies claim tha® throw-
ing the switch may fall to make good encugh
connection between switeh rall and siock rail,
Unless the contact 1ls reasonviy good, enough
current will still flow through the relay mag-
net to hold the signal in the clear pogi“lion
although the switeh 1s thrown and constitutes
‘an element of danger in the block. Reforing
stl1ll to Plate 87 line 1 shoes a .. "normel dsn-
gert gystem, The svmbols for the insulation
at the end of the main block and the other sym-
bol for the insulation at the end of the ovor-
lap will be apparent. The gap within the
‘block just back of S 6 18 intended to ropre-—
sent a broken rail. The effect of the va-
rious trains and of the broken rail will bs
evidont from a study of the dlagram. Lins 2
is a similar arrangement for a "normal cieaX"
system.

Line 3 "normal danger" and line 4 "normal
clear® go together, and 1llusirate the use of
the distant signal.

When the "blocks" are short, as they willl
be where a frequent traffic must be provided
for, two signrals are put in the same posi, the
home signal for one section and the diatant
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signal for the home signal next ahead. The
"main block" and the t"overlap" ceass to exiad
separately as every block 1lg used as the over-—
lap for thes block next to 1it. Linss § (nor=
mal danger) and 6 (normal clear) illusthiress
this cass, which 1s the case shown in Plctvs 86
(Hall co.S, which requires but litils explana-
tion. It 18 evident that a train entering
(at right end of block) will put both hom= and
distant signals at danger. When the traln
rasses into next station to left, the first
home signal will go to safety but not the first
distant signal, which is on the same cimcult
with the second home signal and must remaln at
danger whenever that does, Plate 87 falls,
however, to show still another system scmewhat
similar in character, and which meets with
great favor with some signal engineers and
which is shown in Plate 89. Here one signal
only is shown on a2 post, every "block! 1is als=o
used as an "overlap" and the single signal on
the post 1s a "three position® signal, being
used alternately (to all intents and purposes)
as honme and distant signal. Plate 88 shows
the three positions; danger horizontal; cau-
tion inclined; safety vertical. ¥hile
strongly advocated by some exceollent signal
engineers, this system does not yet (1904) Te~-

celve either general endorsement or very se—
rious disapprobation.

The American Railway Ingineering and Main-
tenance of Way Assoclation's report of Signhal
Committee, with the discussion following, sceems
to indicate that opinion is somewhat evenly
divided as to the vertical or the inclined po-
gition of the semaphore to 1indicate safcty,
The vertical safety position means a drop of
90° and this seems necessary irf the three po-
gsition scheme is to be adopted with cautilcn
and safety both shown by dropping the blade.
Horizontal danger; 45° caution; 90° sezfety
geem pretty nearly dictated if this scheune 1s
to be carried out.

It has not seemed desirable in these notes
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“bo inglude gketches for the wiring of 2l ihe
various systems shown in Plates 88 - 83, Dif=-
ferent signal companies adept differsnt cenenes,
and some railroacds are lixsly to arrange spa--
clal schemes of thelr own. Purther than this
n schems in usge this ysar may give way to a
new on2 next year. Enoush has been shown to
give an idea of what is needed, and a furtier
idea of what measures have been taken to uset
the needs. 0f the forms of signals, disc,
banner, semephore, it is thought by many that
there is an advantage in having a foria for
block signelling differcnt from that used for
interlocking, With interlocking signals, 10
train should be allowed to pass any home sig-
nal at danger. Where signals ars out of orasr,
hand signals will supersede them. In block
sionalling the opnortunity for derangsment of
automatic signals is sufficient so that ihe
system uust be 1ade "permiszive! a trzin baing
allowed after a stated interval of tiue, to
enter a block whers the signel is at danger,
but =lowly and with continued caution, The
dige in ths "banjo" signal is very light in
weight and can be operated very easily and is
well protected from the weather, and meets
with much favor. The semaphore is superior
in visibility and is likely to continue in fa-
vor with very many reilroad and signal men.
The elecetric cirecuits in automatic signals is
not nsually relied on to directly furnish the
power to operate the signals. Some of these
are worked by clockwork as showvn in Plata 54
for the banner eignal of the Union Compary.
The welght 1s wound up by hand from time to
tine, and the signal uovements are effeciad
by the release of the welght in ths instiument,
broucht about by the electrie cireuvit, In
other plants compressed air does the work the
electric cirenits controlling the valves for
the air, In other cases, a speclal current
from a2 dynamo acting on a motor at the signal,
takes the place of the compressed air, The
Hall Company is just now making a specialty of



APPLICATION

PLATE 90



e O

carbonic acid gas to work the signals. This
is gant out in eviinders under high coupres-—

glon, Ths Bositcen snd AlLany Rullroad hag Te-
centiy (19Ca& - 1904) equipped par: of 1ta line
in thls way. The detalls in all these cases

do not seem to be mattera desirable for expla=
nation here.

The seversl systems of automatic signals
ghown have been applicable to double track
railroad only. Several rallroads have adopi-
ed automatic block signals for single itrack
lines, and Plate 93 shows a form of wiring
that has been used by the Hall Company., De-—
tailed understanding of its working can easlly
be gtudied cut., Many sipgnal engineers object
to any system of automatic bloeck signals for
gingle track lines, and there would appear to
be good reason for objection. In an auto- -
matic system, the signals are not under tho im-
mediate conirol of any operator, and a derange-
ment of apparatus must ococur occasionally and
will not be known until reported by the train
men. The train in such case must enter ("per-
migsive blosck") a block whose signal is at
danger. This may be done with comparatiee
gafety on double track lines. on single
track line two trains occupying a block at the
gane time may be approaching each other, and
under some clircumstances at considerable speed;
a crooksd road, fog, or other unfavorable
conditions furnish the other elements neces-—
gary for a head-on collision. There the sig-
nals have been giving trouble and both engi-
neers know this, (the signals for both trains
are probably out of order together) the engl-
neers are likely to run by with less cautlon
than is necessary, as they depend somewhat on
the fact that the danger signal doesn't mean .
mwuch as it 1s generally out of order, For
gingle track line, the device best recommended
is the "train staff" or the*train tablet", In
England many years since 1t was customary for
a Ypilot" to go with any train which used the
block upon which he worked. As he could Dbe
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on one train only at 2 time, safety was ge-
eured. ¥here severrl trains rTun ( .for in-
gtance) east before a traln returned running
west, tlie pllot issued tlckets Tor the first
and second trains, but went hinsslf with the
third and lest train. o train could coue 1in
the oppogite direction as no ticket cnuld be
handed out ezeept by the ons pllot, If 8
fourth train cane houvnd ecast, 1t st walt un-
til the pilot returned, »n horse back 1f all
return tralng werc cut off by accldsnt or
other unsuspected delay. A loter devslopnsnt
was %o send a "train staff® instead of the man.
This was 2 mod of convenlent length, and savaed
the wages of the "pilot®., Tickets Tor first
or second trains could be furnished from a
pockat in the hollow end of the staff. Ii-
provemsnts have been made from tine to time
until now, the operation of the train staff
systex 1s substantially this§ No train can
enter the bloeck without the staff, or without
a8 staff. As peveral trains may pass station
A bound east hefore any train passes station A
bound west, itore than one train staff must be
kept at each station, A staff machine or
staff nholder is placed at each end of every
bloek, and thege two iaachines should be dupli-
cates. Lach station will thus have two ma-—
chines, one for the east bloelr, one for the
west bloeck, These w1ll not be aliks. Zach
machine has several staffs. Any staff will
£it its machine (or duplicate machine) only.
The two inchincs at the two ends of any bloek,
are clectrically interlocked. Then a staff
is tanren from one machine, no other staff can
be taken from cither uachine until the first
staff is renlaced in one machine or the other.
Train 1 bound cast takes its staff; train 2
bound east arrives but cannot get another
gtaff until train 1 has reached the next sta-
tion, has delivered its staff, and the staff
nhas been placed in the machine there, Then
one staff may be taken from either mechine,
bput the staff taken from sither, at once locks



] D

both. The tablet machine is entirely similar
in prineciple but has a flat tablet instead of
a gtaf?, Elther staff or teblet rust Le re-
célved by, or delivered to, a traln running
at some epeed, and arrangements are nade for
doing thils, sometiues in similar fashion 1o
the arrangensnt for plekins up a mail bvag.
This system of train staff is in successlul
use on sasveral Auerican rallroads and gives
ixcdllent gatisfaction for single track worke
nge.

The positions of the signals should be
arranzed with a great deal of care, vhich is
necessary in order to secure the nroper har-—
nmony of safety and convenience. It 1s pretlty
nearly true that the length of block shouid be
arranzed, with reference to grades and curves
and other nmaotters, so that trains will feollow
each other with a uniform time interval bstween
them, A safe space intervel (which 1s what
is required) will come preity close to a unie-
form tlme interval, where grades and curves
are considered. Signals mst =nlso bé placed
where they can be geen to advantage, and topo-
graphical conditions control this. The aligne
ment of the railroad, cuts, buildings, car
sldings, all effect this. The background for
a signal is important as well as an open ap-
proach; signals in the outside of long curves
are not easily viasible. Purtheriore the po-
sitions of interlocking signals immust be con-
sldered, and to some @sxtent the positions of
station buildings, although the latter may be
of minor luportance on a line of large traffiec
where manual blocking is attended to in spe-
cial signal cabins and not at the stations;
the stopping of trains at stations of course
is an element in fixing the length of block.
The interlocking =signals should form a hormo=
nious feature in connection with the block sys—
tem, and will have considerable influence on
the location of the block slgnals.

A reconnoissance should be made first and
a train at umoderste speed will furnish oppor~-
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tunity to do this. Apparently the plan and
pProfile of ths 1ins will furnish a chanes for
a prelininary study. After a proviciconal
scheme has been adopted a furchsr ISCCiNCl~
sance should be made in the sgane woy. Sowms
Inglish railroads have gone so far as to ast
up models at all prorosed signal lccatvions,
and the finsl reconnolgsatice (or finul Joco~-
tion) 1s practically a test of the apverent
convenlience and safety of the locationa as
thus viewed from a train approaching ihese
signals. The expense involved would be fully
Justified in very many cases.

Referring again to the subject of train
order signals, in connection with location,
Plate 21 shows several errangenents for train
order sipgnals at stations. It is well to
call special attention to Fie: 4, which is a
very convenlent arrancenent. A train stopping
at the station 1s held until the "advance" siz-
nal goss to safety, and need not wailt until a
Prsceding train has passed the next station.
Neithser is 1t necessary for & following
train to wait at the station back of %tnis.

It may follow at speed to the Aistant sigunal
and with caution as far as the home signal, by
which tlice the train which has beon at thas
station may have izoved on. It will nrot Dbe
out of Place in this connection to again eall
attention to the fnot that an effective systenm
of signals 1s demanded very often on the =core
of convenience and economy of overation and
not always mainly for safety, althoush i many
caces (perhaps wost cases) this is the con-
trolling consideration.
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