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RESUME OF THE WORK, AND DEDICATION.

With this volume I bring my account of rail-
roads to a close. The subject is a great one and
covers, incidentally, the science of political econ-
omy, the ethics of business and the methods, hab-
its and morals of men. Economie questions that
enter into the calculations of traders, merchants
and manufacturers, and the principles that gov-
ern those who employ and manage men, form a
most important part of it.

Naturally, in my books, practical questions that
concern the operations of railroads take prece-
dence of all others.

But those who would comprehend the subject
in its entirety must understand the principles of
political economy that permeate it throughout
as well as more practical details. For this reason
I have given the former such space as I have
been able.

Railroads are affected in their operations by
natural laws—physical, moral and intellectual.
Each is a potent factor. In their solution those
who own railroads, those who manage them,
those who work for them and those who patron-

ize them are concerned.
(i)



iv SCIENCE OF RAILWAYS.

Each day it becomes more and more apparent,
that the greater the wisdom exercised in govern-
ing railroads, the greater success they achieve;
the less friction there is between owners, em-
ployes and patrons; the more profitable railway
property is; the more contented and happy em-
ployes are; the better the public is served, the
more friendly it is. Everything that contributes
to this end serves a good purpose. Books are
as valuable here as in the practice of medicine,
law, government, the art of war, or other sub-
jects that are too great to be comprehended by
one man.

If in my writings I express anywhere opinions
unfavorable to existing methods it is not neces-
sarily because I believe them te be wrong in
practice. Managers of railroads are the creatures
of circumstances. Railway corporations, like gov-
ernments, are compelled to accept for the moment
situations as they find them and adapt themselves
thereto with the best grace possible. However
high their aim, present methods must conform
to what is practicable. With greater knowledge
and better resources the high purposes of to-
day that are merely speculative may become
realities.

Many portions of my books are devoted to spe-
cific details; to recounting particular methods of
administration. In being minute I have erred, if
I have erred at all, on the safe side, for while the
views of particular men may not be accepted
unqualifiedly by others, they are none the less

CONCLUSION. v

valuable. In this as in other things, what we
read is, as I have before had occasion to remark,
very often more valuable for the ideas it suggests
than the thoughts directly conveyed. Where so
many things have to be considered, as in rail-
roads, before it is safe to act, the more extended
our horizon, the greater our knowledge, the safer
guides we make. Hence the value of experience,
observation, treatises, deseriptive books, ete.

In regard to the foregoing eleven volumes,
other men, I must believe, have, each in his
particular place, given many of the subjects dis-
cussed more attention than 1.  Of their methods,
so far as I have been able to gather them, I have
been an attentive student all my life. From
them I have sought to learn. I have nothing to
say, it is probable, in regard to their several lines
of thought, that will greatly interest them. On
other subjects I hope it may be different. Those
I write for, however, are that great class, growing
greater each day, whose knowledge of railway
operations is necessarily circumscribed and whose
opportunities for learning are limited. To these
I hope my books will be something more than an
exposition of well known facts or possible event-
ualities. They will open up to them many com-
plex and interesting questions that enter into the
origin, working and destiny of railroads, which
would otherwise forever remain a sealed book,
and without a knowledge of which their pros-
pects in life would be much restricted and their
usefulness greatly lessened.



vi SCIENCE OF RAILWAYS.

No business interest is so divergent as that of
a railway. The corporation itself is perpetual.
It is the creature of circumstances. It serves
all alike. It is a repository of great and varied
trusts. It is at once a manufacturer and trader.
It employs myriads of men. Its duties are com-
plex, its responsibilities manifold. In its propri-
etorship it possesses the conservatism and high
constructive qualities necessary to the accumu-
lation and retention of property. Herein it is
fortunate, for men of this class are the natural
rulers of the world and the highest and best
friends of those who do not possess their peculiar
attributes. It was through their combinations
that men first achieved freedom and the com-
forts of life. These highly desirable acquisitions
cannot be preserved without their assistance and
guidance.

In considering the affairs of railways, every
interest must be remembered, that of owner,
patron, officer and employe. All their rights,
ambitions, projects, prejudices, habits, weak-
nesses and ignorances must be severally weighed
and considered. Not to do so would be to jeop-
ardize, certainly to weaken, the whole structure.
For these reasons the philosophy of the subject,
quite as much as its practical details, finds a
place in the accompanying volumes. The theme
is the most important of our day, and may truly
be called Scientific. 1 regret my inability to do
it greater justice.

DEDICATION. vil

I have had many new and original cuts pre-
pared for this edition of the Manual to show
not only the details of parts or their working
which-are not generally well understood, but espe-
cially to show the proper method of procedure in
case of many accidents. It is a well known fact
that no words of explanation, however complete
and explicit they may be, can convey the informa-
tion that a picture instantly affords.

In concluding these volumes, upon which I
have been engaged so long, l\vlsh to dedicate
them, however unworthy, to the officers and em-
ployes of the railroad corporation with which I
have been connected during the whole of my
business life, now over forty years. This asso-
ciation has bred in me far deeper sympathies
than those of a business character merely; in the
long years that have passed officers and em-
ployes have become brothers, and the property
itself has become imbued with life.

MarsaALL M. KirRKMAN,

Chicago, January, 1900.
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ENGINEERS” AND FIREMEN’S MANUAL,

OR

COURSE OF STUDY FOR THOSE WHO SEEK TO
BECOME ENGINEERS,

THE LOCOMOTIVE ENGINE THE KEY TO THE RAILWAY
WORLD: QUESTIONS REGARDING SELECTION, TRIAL
AND WORK OF THOSE IN CHARGE. THE VALUE OF
SYSTEMATIC STUDY AND CAREFUL EXAMINATIONS
TO THOSE WHO WOULD BECOME EFFICIENT ENGI-
NEERS.

The books that make up the “Sciexce or Rarr-
wAys,” of which this is a part, have much to
say, directly and indirectly, about the Equip-
ment and Train Service of railways. Both these
subjects bear directly on the duties and respon-
sibilities of engineers and firemen. It is as im-
possible to afford a separate and connected
account of such duties as it is to afford such an
account of the duties of superintendents or
comptrollers. Railway service laps and inter-
laps in every direction, and the engineer and fire-
man to fully understand their duties must also
understand the things that are germane thereto.
This requires that they should study railroading
not piecemeal, but-as a whole.

It was the impossibility of separating the
duties of particular departments of the service
and describing them apart that first constrained

me to take up the subject as a whole. I started
(5)
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out to deseribe particular branches of the ser-
vice, but quickly found that their connection
with the others was so close as to render a de-
seription of the whole necessary. Thus I was
led reluctantly and contrary to my original in-
tention to take up the subject in its entirety.
What I have been compelled to do, others, who
seek to fully inform themselves in regard to par-
ticular branches of the service, will also be com-
pelled to do.

While there are many engineers and firemen
who take this comprehensive view of the sub-
ject, others believe their field lies more apart
and that, therefore, it is susceptible of separate
delineation and study. There is much interest-
ing and valuable literature extant on the subject
of the duties of engineers and firemen, but for
the reason stated, it only partially explains their
offices. This does not, however, lessen its value,
so far as it goes. It is simply incomplete.

Knowledge of the locomotive and how it is
operated is only one of many things engineers
and firemen must know. They must also be
familiar with train regulations, signals, methods
of dispatching trains and kindred knowledge.
Such things are fundamental. Moreover, as
their duties bring them in daily contact with
the equipment, they must know something of
its construction, care and maintenance. The
wider their knowledge, the greater the prob-
ability that they may some day become depart-
ment directors instead of operatives merely.

OF THE LOCOMOTIVIE ENGINEER. 7

Nor need their ambition be thus restricted.
The nature of their duties affords an admirable
opportunity for acquiring the knowledge re-
quired by superintendents and managers of
railroads. All that is needed is that he who sets
out to familiarize himself with the locomotive
shall keep on until he becomes acquainted with
the needs of other branches of the service. The
task is difficult, but not insurmountable. The
knowledge may be acquired by experience,
study, observation, inquiry and the thousand
and one devices ambitious men adopt to further
their ends.

A man who seeks merely to be a fireman, and
then an engineer, and afterward, perhaps, a fore-
man, may bhe satisfied with a mechanical or per-
functory knowledge of the railway world, but
such knowledge is not sufficient even for this
limited field. However, he can possibly get on
thus without scandalizing the service, or seri-
ously jeopardizing the interest of his employer,
but if he expects to occupy a position of greater
power and influence, he must study railroading
as a whole. Only thus can he comprehend the
spirit and practices that animate the service, or
cope with the many men of talent who fill its
offices.

To be an officer of a railroad, or to fill a posi-
tion of responsibility in connection therewith,
requires that the incumbent shall understand the
science of government. This science is in essen-
tial things alike as regards public and private
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corporations. To know how to govern a country
or city well, is to know how to govern a great
railroad well with its vast army of employes and
widely extended and complicated interests. The
mat. who seeks preferment in either must under-
stand how governments are formed and how best
carried on for the common good. He must know
much about the checks and safeguards that expe-
rience proves to be needed in order to secure a
strong and pure government. Such knowledge,
as [ have said, constitutes a part of the science of
railroads, and no man is fully capable of being
an officer of a railroad or of holding a position
where he must come in contact with the publie,
without possessing it. This feature of the situ-
ation 1 have sought to explain in my books as
conscientiously as I have the basis of rates, safe
conduct of traffie, or the faithful handling of a
company’s money, but the information is not to be
found in any particular chapter or book. It per-
meates every part of the service and it is impos-
sible to discuss any question without more or less
reference to it. It is this fact which makes men
familiar with the magnitude and homogeneous-
ness of the subject, so impatient of those who
think that there are departments and branches
of the service that may be considered apart from
the rest.

Those who work for railroads, no matter where,
are interested in acquiring knowledge of every
department of the service, and this not perfunec-
torily, but systematically. Their personal inter-
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ests not only require that they should possess this
knowledge, but the interests of their employer
as well. The more the subject is studied, the
more this truth will be apparent. I am not so
presumptuous as to believe I have exhausted the
science of railways in my books. If a book could
be made exhaustive, there would never be but
one written. The greatest value that any book
possesses is the suggestions it affords the person
who reads it. He may find many things upon
perusing it, that he did not know before, or only
surmised; others again that he had overlooked.
He will be refreshed as by a bath, even though
he has only acquired a morsel of original infor-
mation from what he has read, for the reason
that his knowledge will have been expanded by
the thoughts to which his reading has given rise.
Let railway men keep this in mind in reading
books on railway and other subjects.

I have sought to treat my theme as fully as
circumstances permitted. Where I do not wholly
enlighten, I may be pardoned for believing that I
have at least pointed the way.

There are few of the books that make up the
“Science of Railways” that do not contain mat-
ter of more or less general interest and value to
those who seek to be firemen and afterward engi-
neers. However, if the latter position is the
height of their ambition, then some of the books
will not possess as much value as they would
under other circumstances, but in every book
may be found some account of the practices and

2 vol 12



10 DUTIES AND RESPONSIBILITIES

philosophy of railroading with which it is desir-
able every one should be familiar.

Much of the information that books on the
general subject of railroads contain is not neces-
sary to a fireman to enable him to creep up to
the place of engineer, any more than salt is
absolutely necessary to a potato; but he like
every railway man, if lacking in the niceties of
his profession (that only general knowledge can
supply), will lack flavor and will seek in vain to
reach the highest positions in the service.

From the foregoing it will be seen that a
consecutive and separate account of the duties
of engineers and firemen is impossible. How-
ever, there are particular duties imposed upon
them that may be described apart. These I shall
embody here. While incomplete, the matter is
not the less valuable on that account, as it is re-
plete with suggestions. This I may say with thc
greater freedom, as I am the editor, rather thax
the anthor. What I shall have to say is probably
known to accomplished railroad engineers, but it
is not known to those less favored, and yet they
should be familiar with it, in m'der to be able to
look forward with confidence to preferment in
their calling. Furthermore, if instead of treating
what I have to say as final, the student in search of
knowledge will look upon it as rudimentary only
and supplement it with acquisitions of his own,
he will not only add greatly to his prospects as a
railway man (by adding glcdtly to his value to
his employer), but he will increase immeasurably
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his ability to secure a position, if through any
untoward circumstances, he finds himself with-
out employment.

As the engine is the key of the railway world,
so those who operate it share in its supreme im-
portance. While admirable in outline and use-
fulness, it is after all only an aggregation of
metal fashioned into many curious forms, but
dead and incomplete without the guidance of the
engineer and fireman. Like the world in the
beginning when clothed in stillness and death,
awaiting the light of day, so the locomotive
stands apart, cold and dead, but under the in-
spiring influence of the Englneer and Fireman
pulsates with life, forming not only a magnifi-
cent picture in 1tbelf, but one of the most useful
implements ever designed by men for the use of
men.

The locomotive is still in a state of evolution,
and, sympathetically, those round about it are
changing not only in the particulars of their
duties, but in their aspirations and lives. The
engineers and firemen of early days bore little
resemblance to their brothers of the present
period. The latter have not only personally
acquired greater skill, but they possess also the
accumulated experience of those who have gone
before them. It is no exaggeration to say that
the fireman of to-day, even if a novice, is much
superior in capacity to the engineers who had
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charge for a long time after railways were first
operated. The first enginemen were by trade,
blacksmiths and mechanics, who understood
something about metals and machinery, but
were ignorant of the uses of steam or the future
possibilities of the locomotive. It was necessary
to train men for the position. This process has
been going on with ever accelerated speed from
the first day up to the present moment. There
is no end to the road. It grows wider and the
horizon expands with each advancing step.

The firemen and engineers of railways consti-
tute as highly a trained class of men as there are
connected with the technical world of trade at
the present time. Their knowledge and useful-
ness will increase with time and further expe-
rience. It is only reasonable to believe this be-
cause we know that possession of knowledge only
intensifies the desires of men in this direction.
Its acquisition by an ambitious man creates an
unquenchable thirst for further light. His mind
expands with his opportunities in this direction
until the vacuum of the brain appears so much
greater than its filled space that the wisest man
becomes despondent at the meagerness and super-
ficiality of his knowledge.

It is only the bupluncly ignorant man whose
mind is at rest.

With each passing day, knowledge becomes
more and more a necessity to men. The advan-
tages the informed man has over his ignorant
brother, are so great that the latter must likewise
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acquire knowledge or confine himself to the com-
mon drudgeries of life. This is what competition
is doing, and it is thus showing itself as useful in
this department of life as it has in the production
and interchange of material commodities.

Men have no inherent love of study, but the
taste grows, and if one man studies, all must
eventually study or be outstripped in the race of
life. Thus the ambition of a particular man
starts the whole forward. When men acquire a
desire to learn, moreover, their ingenuity sup-
plements the efforts of others, and in this way
accomplishes a double purpose, at once encour-
aging and beneficent.

Asthe driftwood carried to the coast of Spain
suggested to Columbus the unknown world of
America, so the questions and answers embodied
further on herein will suggest a host of collateral
ideas of great value both to the student and his
employer. These inquiries measurably dispel
the darkness, but do not fully light up the hori-
zon. And so it is generally in reference to
books. A great good that they serve is the
thoughts they give rise to in the minds of
readers. The capillary attraction of the human
mind thus exemplified, if I may thus character-
ize it, has this attractive feature, that above the
water line of acquired knowledge it ever attracts
to itself, all that is necessary to nourish or ex-
pand it. It is this feature of the brain reaching
beyond original limits, that has made man the
arbiter of the world, and that makes all things an
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open book to him. The only difficult thing in his
rase is to get his mind in motion; once under
way, it never ceases its inquiries until death
silences its action.

In the case of engineers and firemen many
methods have been devised for adding to their
knowledge so that they may better serve them-
selves and the great industries with which they
are connected. In some of the old countries of
Europe, and particularly in France, technical
schools have been established near the great
shops by railroad companies, so that the children
of employes may early in life be instructed in the
trade they design following, and this under the
immediate eye of their father. Thus, as they
grow up, they associate themselves with him and
afterward, when he 1s too old to work, succeed
him in his calling. In this way, the child is
brought at the most receptive period of its life
into direct contact with the things that are after-
ward to occupy its mind exclusively. The
advantage of this cannot be overestimated, for
we all know that there is a particular period in
life that is illuminated more brightly than any
other, when what we learn we do not forget nor
undervalue. This period, to a great extent,
forms the groundwork of every man’s life. Con-
sequently, if during such period light is thrown
on the work that is afterward to oceupy him, it
exceeds in value knowledge acquired at any other

OF THE LOCOMOTIVE ENGINEER. 15

period. For this reason, the benevolent inten-
tions of the corporations in providing schools for
the children of employes, will, it is reasonable to
believe, be followed by the best possible results
to themselves. However, the schools are not
intended for the children of firemen and engi-
neers alone, but for all employes engaged about
the shops.

Usunally the effort to educate men for engi-
neers and firemen does not commence until the
men have entered the service. This is where the
great bulk of the railroads of the world take up
the work of instruction. The method they fol-
low in carrying out their object is as diversified
as it is in other things connected with the ser-
vice. Formerly, applicants were put on the
locomotive, and told to go to work, their prepar-
atory instruction being of the simplest possible
kind. This practice is still extensively followed.
In other cases, the fireman is compelled to serve
a brief apprenticeship in the roundhouse. In
still other cases, the preparatory period is more
extended and the labor prolonged. Some com-
panies go so far as to require a man who seeks
to become a fireman to commence emptying
clinker pits, cleaning and wiping engines, and
performing such mechanical duties in connee-
tion with the locomotive as occasion requires.
If he shows adaptability and industry, he is after
a while given an opportunity by being put on
the Extra Firemen list. Here his action is care-
fully scrutinized. If he meets just expectation,
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he is in due course made a regular fireman, the
assistant and second self of the engineer. Here,
while he has his own work to do, and plenty of
it, he has an opportunity to familiarize himself
with the work of the engineer. The facility with
which he does this, will depend upon his ability
to learn and his desire to get on in the world,
but assuming that he, not less than his older
brother the engineer, is animated by an acute
intelligence and a laudable ambition, he must
also have, like the latter, good health, a strong
body, and be free from intemperate habits.
These latter qualities are more necessary to
those connected with locomotives than to others
in the service, although they are necessary to
every man who expects to achieve success in life.

It goes without saying, that every man who
seeks to be a fireman, or who expects to become
an engineer, must have a good character.

The practice of examining into the qualifica-
tions of applicants before hiring them grows in
popular practice every year. Men are scrutin-
ized more carefully than formerly, and once hav-
ing entered the service, greater intelligence is
exercised in ascertaining their capacity and use-
fulness. This is especially true of those branches
of the service where technical skill is required
and perfect trustworthiness needed. In the early
days it was sufficient that an applicant for the
place of fireman was able to perform the work,
which, under the most favorable circumstances,
is very severe. Afterward, as experience taught
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the necessity of it, railroad companies began to
inquire into the antecedents of aspirants. By and
by they got to inquiring about their habits, but
railroads had been operated in America sixty
years before it occurred to them to test the men-
tal capacity and disposition of applicants by care-
ful examinations. As this could not very well
be done before applicants entered the service, it
had to be done afterward. It took, in a general
way, the shape of examinations such as charac-
terize those of students of law and medicine.
Meanwhile, the general trustworthiness of the
employe was scrutinized and his mode of life,
morals, temperament, steadfastness and general
fidelity to duty carefully studied. If deficient in
these latter respects, intellectual and physical
endowments were not sufficient to outweigh
objections. On the other hand, if he possessed
all the moral qualities, and yet was deficient
mentally and physically, he was not considered
as affording good material for a fireman, and,
prospectively, an engineer. Accordingly, if dur-
ing the probationary period he broke down, or
failed to answer the requirements of the service,
he was told to go his way and in some field where
his capabilities would be sufficient for the occa-
sion fix his life occupation. This, instead of being
a hardship or injustice, has been found to be a
kindness to applicants, because it anticipates
subsequent failure and saves them the waste of
time and mortification that would otherwise
ensue.
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It also saves the company, and incidentally the
public, from the mishaps that attend the service
of men inferior in mental and moral qualities. It
not only enables the employer to promptly
separate the capable from the incapable, but
throws around the general public a measure of
safety that carriers are always bound to con-
sider.

In order to pass the examinations, careful study
and preparation, and experience as well, are
required. Applicants must at least have a good
common school education, because this is required
of engineers. Once having entered the service it
is manifest that the efficiency of the incumbent
may be greatly heightened by requiring him to
commence at once systematically to study the
problems of the business with which he is identi-
fied, and not solely, be it remembered, with a
view of performing his present duties properly,
but with the further view of his being promoted
to the responsible position of engineer, ata given
time, or thereafter when opportunity occurs.
Methods of procedure vary on different roads,
according to men’s views of the subject. Some
roads do not make any examinations at all, but
the tendency is more and more in that direction
as their value becomes more and more apparent.
The system which is elucidated further on, and
which meets with the approval of some of the
most experienced and talented Master Mechanics
and Superintendents of Motive Power in the
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world,* contemplates a careful and systematic
course of study. First, however, the habits and
antecedents of applicants are carefully inquired
into, as I have intimated. Once the applicants
have passed this ordeal, the full confidence of
the company is accorded them and every facility
afforded them to pursue their inquiries and stud-
ies 80 as to fit themselves for present and future
work., Every official of the machinery depart-
ment holds himself ready to answer questions or
respond in other directions so far as it may be
proper to aid applicants in this way.

After the applicant for the position of fireman
has passed through the preliminary stages, what-
ever they may be, heis given a series of questions
bearing directly on his future duties and respon-
sibilities as an engineer. These he is expected to
carefully study,and at the end of the time desig-
nated, go before the master mechanic or other
authorized officer and answer them categorically,
with such other questions of an incidental nature,
as are pertinent to the occasion. However, the
list of questions given him and the answers
thereto constitute the examination in the main.

*Among these, Mr. Robert Quayle, who stands in the first
rank in knowledge of railway machinery and equipment and in
conscientions effort to make this great department of the ser-
vice all it should be. He has no superior as a student or execu-
tive, and I desire here to thank him for valuable information
and assistance. I am indebted to many others but to him
especially and particularly. M. M. K,
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Having passed the first examination success-
fully, he is furnished a further list of questions he
will be expected to answer. This constitutes the
second examination. Following this he is fur-
nished the interrogatories which close the course
of study.

In regard to the last examination, no one is
ever sent to take it, whom the master mechanie
above him is not willing to acecept as an engineer
provided he successfully passes it. Another con-
dition and a very proper one is that men sent for-
ward for this examination shall be in their order
of service, other things being equal. The final
examination, which is so important, is usually
conducted by a board appointed for the purpose.
This insures impartiality and thoroughness,
though the same thing can, it is apparent, be
secured by an examination made by the master
mechanic and his associates.

All the examinations having been passed and
the applicant’s work meanwhile having proven
satisfactory, he is ready to take charge of a loco-
motive —is an engineer in fact, ready to fill the
first position of the kind that offers. This is the
goal he has sought. Such is the procedure.*

* It will not be forgotten, in this connection, that the appli-
cant has long before this demonstrated his moral and physical
fitness for the position of engineer, Sometimes the physical
examination is conducted by the machinery department, and
at other times by the surgical department of the railroad. As
will be noticed farther on, each applicant before being passed
is examined with a view to ascertaining whether he is perfectly
familiay with the time table, or not; also with the signals. The
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Different roads vary the details. Its merit is
that it affords a course of study, which, with the
practical experience of the fireman meanwhile,
makes of him a trustworthy engineer. This is
what every fireman strives for and what his em-
ployer requires of him, for it is thus engineers
are made.

If during the progress of the examinations can-
didates are unable to passor answer the questions,
it is generally thought well to extend the time a
reasonable period.

If at the expiration of the time allotted the
applicant is unable to pass, then the expediency
of his seeking other employment naturally sug-
gests itself, and this last for two reasons, as I
have already intimated: First, that the service
may not be clogged by men who cannot ulti-
mately be promoted; and second, that applicants
shall not be allowed to waste their time upon
work not destined to be of lasting advantage to
them. And in this connection it is not considered
too much by those versed in such matters that
applicants shall answer satisfactorily, both in

examinations in regard to these last are sometimes conduected
by the machinery department, but more frequently, perhaps,
by the operating department. Upon many lines, the superin-
tendent is not satisfied until he personally ascertains that
those taking charge of engines are familiar with the rules,
familiar with the time table, and familiar with the signals.
The machinery department looks especially to the technical
fitness of those in charge of locomotives: the operating depart-
ment requires in addition to this, perfeet familiarity with the
the rules governing the movement of engines and trains over
the road.
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writing and orally, eighty per cent of the ques-
tions asked them in each of the examinations.

And in regard to applicants, every assistance
possible is rendered them, as already intimated,
and they are at liberty to go to master mechanies,
foremen and others f()l information in regard to
those things they do not fully understand.

It will be seen from the foregoing that in no
sense will the course of study be forestalled by the
questions that are propounded and the answers
thereto that are contained herein. Both the ques-
tions and the answers applicants will find it use-
ful to eritically study, as students pursue their
studies at universities; but they must not only
know the correct answers to the various inter-
rogatories (because every engineer must under-
stand them), but must understand their purport,
so that they can reply to each question in their
own language and according to their understand-
ing of it. They cannot use the answers embraced
herein—these are intended to be merely instrue-
tive. They must frame answers for themselves.
Thus it will be seen that, while the assistance this
Manual affords will save them much inconven-
ience and many inquiries, it will not save them
from the necessity of studying and framing an
answer of their own to each inquiry that the
examinations contain.

Parallel with the examinations, and along the
same lines, it is a growing practice on many well
managed rulm.uls to maintain schools of instrue-
tion for the purpose of teaching train men, and
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particularly engineers and firemen, in regard to
the construction, use and maintenance of the air-
brake, steam-heating apparatus, use of gas and
electricity for lighting, and other implements of
an intricate or scientific nature that are used on
trains. The expense of this systematic course of
instruction is more than offset by the increased
efficiency of those thus instructed. The efforts of
railway companiesin this direction are everywhere
actively seconded by their employes,as it adds to
their usefulness and renders more certain their
promotion, or if not promotion, then successful
competition in the strife for place and its reten-
tion. Accurate and extended knowledge of their
duties, aside from its present value, cannot, it is
also apparent, but be of the greatest possible use
to those who possess it, should they, through the
cutting down of a force or otherwise, find it nec-
essary to seek employment elsewhere.

The examination of firemen and engineers has
been disregarded on many roads, but it needs
little discernment to see that this state of affairs
cannot continue always. Companies lacking this
element of strength will not be able in the long
run to make a showing as against companies
whose force thr()u(rllout has been carefully
instructed in te('hmcal knowledge of the highest
order in regard to their duties. The omissions
and mistakes of the inefficient and the scandals
they will create, to say nothing of the extra
expense such men entail, will compel the compa-
nies employing them to adopt a more compre-
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hensive plan of selection and instruction, first
with a view of preventing inefficient men from
entering their service, or in case they have such,
to weed them out as soon as possible in the event
they prove to be incompetent. In making these
examinations the railroads will only forestall the
act of the state, for it is only a question of time,
and a short time at that, when firemen and engi-
neers will be compelled to go before a State
Board for examination as to their fitness, the
same as steamboat engineers are required to do,
unless the railroad companies forestall such
action by themselves making the examination.

The questions that it is proper to propound to
applicants for the position of engineer are many
and intricate. The answer to each question, it
will be observed, is of a nature to familiarize the
applicant with his work and to make him of
greater present usefulness, to say nothing of
the future. The sooner, therefore, the applicant
familiarizes himself with his present and pro-
spective duties the better for him and his em-
ployer. The quality of service that the fireman
renders while fitting himself for promotion, also
operates for or against him finally. His work
during this period is compared with that of
others, as is also the care and intelligence he
exercises in the use of oil, fuel and other sup-
plies.

The position of fireman, it is proper to say, is
not only one exacting hard work, but consider-
able knowledge of detail, so that he has an
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opportunity to show fitness in this respect, which
is all-important in the positions that he aspires
to fill.

In propounding the questions that follow, it
will be noticed that no fixed or predetermined
formula is observed. They are, however, specific
and such as are suggested by the practical
experience of those versed in such matters. I do
not seek here, any more than elsewhere, to be
original, but rather useful; to supplement my
limited knowledge wherever possible by the wider
knowledge and experience of others. The par-
ticular form that an examination shall take is not
material, if it is effective. The method I have
followed is the commonplace one of interrogating
the applicant by asking him questions. It is
probable that with the growth of the service the
list of questions will be extended. That would be
of advantage to the applicant if it will extend his
knowiedge.

In reference to the answers to the various
questions, it is not expected, as already inti-
mated, that applicants will restriect themselves
either to the scope or words I use. The answers
I give, while correct, and such as to throw a clear
light on the subject, are not exhaustive.

The fireman who passes an examination is
expected to answer the questions correctly or at
least eighty per cent of them. The information
I give will help him, but it is also intended he
shall give the matter exhaustive thought on his
own account. The subject is a growing one and

3 vol 12
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it is expected of firemen as it is of every man con-
nected with railroads, be he high or low, that he
will not be satisfied with what he knows, but will
strive to keep on acquiring knowledge. I do not
here any more than elsewhere seek to forestall
personal research, but to add to the desire to
acquire it by careful study and thought.

With these explanatory remarks I will take up
the several examinations in their order, and first,
the inquiries that every fireman (whether already
in the service, or just entering it) may at any
time expect to be put into his hands to be
answered at the end of some specified time. A
full knowledge of the questions propounded and
the answers thereto will aid him, not only in the
direct examinations to which he will be sub-
jected, but in replying to collateral questions
which will arise impromptu as the examinations
proceed. Afterwards will be taken up the ques-
tions that in the natural order of things will be
submitted to the fireman after the first examina-
tion has passed, to be answered at some specified
time. Then those questions which constitute the
final examination and upon which depends the
appointment of the fireman as an engineer,*

*In the event a railroad company does not require an exam-
ination such as I refer to, still a study of the subject as here
presented will, as already intimated, materially aid firemen
and others in acquiring the knowledge they must possess in
order to fit them to run an engine. The subject therefore, no
matter how it presents itself, is of interest to them.

OF THE LOCOMOTIVE ENGINEKE. 27

The questions and answers, constituting the
three examinations are generally familiar to en-
gineers. Nevertheless, in their aspect and group-
ing, they present new features that will prove
interesting and instructive even to them. While
designated for firemen seeking advancement, they
cannot prove otherwise than useful to such engi-
neers as may, in the natural order of things, be
doubtful as to their ability to pass a critical ex-
amination, should one be instituted by the state
or the railroad company.*

STEAM AND ITS APPLICATION TO THE LOCOMOTIVE.

Before formally taking up the examinations al-
ready referred to, it will be proper to preface them
by a brief deseription of the simple and primary ap-
plication of steam to the locomotive. Iknow that
such matters are well understood by engineers
and firemen, and are not, therefore, of value to
them; but to those who are not familiar with
the subject, they are interesting and instruetive.
Books and lengthy treatises have been written on
the subject, but, stripped of padding and unneces-
sary words, there is very little to be said if we
omit other matters relating to the locomotive,
including that of the art of firing, which things
I have fully pointed out elsewhere. What I wish

#*They appeal especially, so far as they go, to engineers who
are not familiar by practical experience with present methods
of firing. The engineer not familiar with the needs of to-day
and the exacting requirements in regard to the best (scientific)
methods of using fuel must lose no time in becoming so, if he
desires to maintain a place in the front ranks of his profession.
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to say here, therefore, relates simply to the proe-
ess of getting the locomotive under way.

The power that imparts motion to the locomo-
tive is the expansive force of steam. This force,
which has been known for thousands of years,
was first utilized for purposes of carriage in the
early part of the nineteenth century.

As stated elsewhere, steam is the vapor of
water generated by heating water above the boil-
ing point. Hence steam is water in a gaseous
state and is colorless and imperceptible to the
eye. Saturated steam is steam either in contact
with the water from which it was generated or,
if separated therefrom, is kept at the same tem-
perature and pressure. Wet steam is steam not
only saturated, but also holding in suspension
unevaporated water in the form of minute drops;
it holds this water in suspension mechanically,
due either to the ebulition of the water from
which it is generated or else from a rapid flow
of steam from near the surface of the water, in a
similar manner as the wind off a rough body of
water is noticed to carry drops of spray. Dry
steam is the term usually used for saturated steam
in distinetion from wet steam. Superheated
steam is steam removed from contact with water
and heated above the temperature of the water
from which it was generated; it is variously called
steam-gas, surcharged steam, or anhydrous steam.
Steam more closely resembles a perfect gas when
superheated than in any other state, and it is for
this reason that in the locomotive the attempt is
made to superheat the steam. The boiler has a
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dome from which, and at quite a distance above
the usual water level, reasonably dry steam is
taken, passed through a pipe called the “dry pipe,”
and branching in the smoke-box or front end
of the locomotive where the escaping hot gases
have a tendency to superheat it, passes into the
two cylinders in which its energy becomes useful.

In steam, as in other gases, there is a natural
repulsion between its various particles, each par-
ticle trying to separate itself from the others, so
that it will fill the receptacle in which it is placed,
regardless of the quantity of steam or size of the
vessel holding it. Its matural tendency is to
expand and thus push out whatever resists expan-
sion. If the steam is enclosed and superheated,
therefore, as in the case of alocomotive boiler, the
natural tendency of its particles to separate is
intensified and we thus obtain, according to its
quantity or volume, the steam pressure required.

The vapor seen escaping from a vessel of boil-
ing water, or rolling in elouds from the exhaust
pipe of a locomotive, is only a modification or
diluted agent of the mighty force that does so
much of the world’s work. This vapor is steam
that is resolving itself back into water; the
change or condensation which is visible is caused
by its contact with the cold air. Real steam, as
just stated, is an invisible gas, or, rather, a trans-
parent fluid, really water ('}mnged lnt() gas by
the action of heat. A('cordmgly to make the
steam that an engine requires water must be
boiled. To hasten this and to lessen the cost,
the boiler is permeated with tubes, or flues, con-
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called its dead points. In the stationary engine
this is overcome by a fly wheel, the momentum
of which carries the crank past the dead points;
then, too, stationary engines of one cylinder are
not required to frequently stop and start with a
load, as are locomotives. In the case of a loco-
motive the obstacle is obviated by having two
cylinders with cranks, placed at right angles to
each other and on the same axle; also, as the
service demands the movement of the locomotive
in either direction, backward or forward, the
valve motion is so constructed that the engine is
reversible.

It is thus that the steam is generated and its
power applied. I would in this connection refer
the reader to the chapter on “Description of the
Locomotive.”*

*See  Railway FEquipment,” Vol. L.
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DESCRIPTION OF THE LOCOMOTIVE, AS PER DIAGRAM HEREWITH.
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Please deseribe them.*

In addition to the danger signals enumerated,
is there any other signal that you consider a dan-
ger signal? Yes, any violent motion made in
front of a train.

What is the source of the power of a locomo-
tive? Heat.

What is steam? Vapor, generated by heating
water above the boiling point.

What do you understand by the pressure indi-
cated by the steam gauge? The pressure of steam
in pounds per square inch above atmospheric
pressure.

What is meant by atmospheric pressure? The
weight or pressure of the atmosphere, namely:
about fifteen pounds per square inch at sea-level.

Has a locomotive a natural or a forced draught
while working? It has a forced draught.

Why? Because of the exhaust steam escaping
through the smokestack.

How does the exhaust steam create a draught
through the fire? By forming a partial vacuum
in the smoke-box and in the flues, which the hot
air from the fire-box rushes in to fill, thus ecreat-
ing a draught.

*The hand signals that employes use, also the signals that
are carried on locomotives and cars (indicating particular
things), also the signals connected with the track, are fully de-
scribed and illustrated in the book on *“Train Service” in the
Science of Railways. Any one seeking to be an engineer, or to
answer the questions connected therewith, is respectfully re-
ferred to the book in question, as it will without doubt facilitate
their research and knowledge of railway practice,
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What good effect is produced by opening the
fire-box door when the engine is at work? By
partially opening ﬂlb door black smoke and pop-
ping are prevented.®

What bad effect is produced by opening the
fire-box door when the engine is at work? The
chilling of flues and sheets, and thereby, through
contraction, causing them to leak and warp.t

[s it necessary to have a large quantity of air to
generate steam rapidly? It is, as the air supplies
more than half the elements for combustion.

Does this apply to a heavy fire as well as a
light one? Yes, the heavier the fire the greater
the quantity of air required.

Has improper firing any tendency to cause flues
to leak? Yes, in so far as it permits the cold air
to strike the flues unnecessarily.

Define black smoke. Black smoke consists of
a mixture of gases and carbon. The greater part
of it is carbon, which is unconsumed fuel.

*Popping. Locomotive boilers are constructed to hold a
steam pressure of a certain number of pounds per square inch
(the maximum is about 200 pounds), and are fitted with two
safety valves, regulated by springs, to hold that number of
pounds. When the steam pressure exceeds that amount the
valves open and allow the steam to escape until the pressure is
reduced. The escape of steam through the (pop) valve is called
“popping” or “‘blowing off.”

tThe reason flues leak when exposed to cold air is that the
fire expands the lues and flue sheet (to which the flues are fas-
tened), and when the cold air strikes them they contract, and
the flues being lighter than the flue sheet, they contract faster,
leaving an opening between the flue and its hole in the flue sheet,
Pumping a great quantity of cold water rapidly into a hot boiler
will have the same effect.
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How can black smoke be avoided? By care-
ful and scientific firing.

Why should black smoke be prevented? To
save fuel and avoid dirt and annoyance to the
publie.

Has it been proven in practical service that
proper firing will prevent black smoke? It has.

How is such firing accomplished? By the
single shovelful process, or never putting into the
fire-box, at most, but two shovelsful at one time.

[s this manner of firing productive of economy
of fuel? It is; a saving of between 15 and 20
per cent. has been obtained in actual service. It
will also cause a more nearly uniform tempera-
ture to be maintained in the fire-box, thus
lengthening the life of the flues as well as im-
proving the steaming qualities of a locomotive.

Does the size of the exhaust nozzle affect the
fire?™ Yes, by affecting the draught on the fire.

When the amount of fuel burned is greater in
the front end of the fire- #¥s-2. Fg. 3.
box than in the back end, ;

:T'EE

*The exhaust pipe, as its name im-
plies, is a pipe for carrying the ex-
haust steam from the cylinders to
the smoke-box of the engine and so
through the smokestack. Suitably
attached to the upper end of the
exhaust pipe is the exhaust tip or
nozzle, the size of which is altered
in accordance with the draught re-
quirements of the engine—a small
exhaust creates a powerful draught,
and vice versa. (See Figs. 2 and 3.) L :
The steam is carried to the smoke- JZngle Doubl

stack for the purpose of creating a
forced draught through the fire-box. ~~ Bexharrrs? Lipes—~
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what does it denote? It denotes that the greatest
amount of dranght passes through the bottom
flues.

When the amount of fuel burned is greatest
under the fire-box door, what does it indicate?

Opening tFack

of .&yw&. ng Doudlg
PetlicoatFPipe

r LN thod
/A"how’t g/le

e

Fig. 4.
Draught Appliances indmoKeBox

It indicates that the greatest amount of draught
passes through the top flues.

How can these defects be remedied? By
adjusting the draught appliances in the smoke-
box of the engine.
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What is meant by the “draught appliances” of
a locomotive? 'The diaphram, the petticoat-pipe
or pipes, the exhaust pipe and nozzle, and the
netting. (See Fig. 4.)

How often should grates be shaken? They
should be shaken as often as is necessary to keep
ashes and clinkers from forming on them; it
depends very much upon the kind of coal used.

What causes an excessive “pull” on the fire-
box door?*

What is the result of opening the fire-box door
when the engine is working? The temperature
is lowered in thc fire-box and flues.

Why is it important that bituminous coal
should be broken into the size of an ordinary
apple before it is put into the fire-box? Because
it increases the exposed surface and can be better
spread over the fire.

Why should the coal be wet? To prevent dust
and dirt and to give weight to fine coal.

What should be the condition of the fire when
a stop is made at a station or when the bottom
of a long down grade is reached? The fire should
be burned down so as to prevent the engine either
blowing oftf or emitting black smoke.

What is the proper method of using dampers?
The dampers should be eclosed when the engine
1- not kamg The back dampers should at all

*A "pllll‘ on the fire-box dooris caused by the partial vacuum
always existing in the fire-box and smoke-box when there is a
forced draught. This draught pulls the door shut, or holds it
when it is sought to open it. If the fire-box is not kept free of

clinkers and ashes, thus permitting the passage of air through
the fire, there will be a stronger pull on the fire-box door.
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other times be used solely (if possible) when the
engine has a single ash-pan.

If the engineer keeps the injector working after
the engine has been shut off, in what condition
should the fire be kept? The fire should be kept
burning brightly, using the blower lightly (if
necessary) in order to keep the boiler at the
proper temperature.

[s blowing off at the pop valves wasteful? Yes.
It causes a waste of steam, and consequently a
waste of fuel.

Desecribe a blower. It consists of a cock on
the boiler-head with a pipe coupled to it, lead-
ing to and terminating in the smoke-box, and
pointing lldeld toward the stack near the nozzle.
(See Fig. 5, also Plate 1.)

What is the use of a blower? Tts use is to
create a forced draught on the fire when the engine
is not working.

Explain how the blower may be used improp-
erly. By using it too strongiy while the fire-box
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and grates are being freed from ashes and eclink-
ers, or while the door of the fire-box is open, when
there is only a light or poor fire, thus forcing cold
air through the flues, causing them to contract
and leak.

Are you studying the subject of combustion?

In what way are the draught holes in the fire-
bhox door and the deflector inside of the furnace a
benefit? By permitting the oxygen to come in
contact with the carbon and hydro-carbons, thus
creating a more perfect combustion.

Do you, in the interest of the company, and for
your own benefit as well, aid and assist the engi-
neer in the performance of his duties whcuwor
you can?

How much coal do you burn per engine mile
and per mile per unit of tons hauled ?*

What is the comparison in this respect between
your record and others in the same service?

How do you account for any differences there
may be?

If your engine runs two round trips over a
division of 109 miles with one filling of the lub-
ricator, how far are you running to the pint of
valve oil, if the lubricator holds 3 pints? 109x2=
218, round trip. 218x2=436 miles to 3 pints.
436-+-3=145% miles run to the pint of valve oil.

If you use 8 pints of engine oil in the same
distance what is your nuledgb per pint of engine
0il? 436 (miles)-+8=544 miles per pint of en-
gine oil.

*Stlatistics of companies are sometimes based on the engine
mileage and sometimes on the pounds of coal burned per 100-

ton-mailes, 1. e., in hauling 100 tons one mile or one ton 100 miles.
4 vol 12
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What is your mileage per pint of lubricating
oil (both engine and valve 0il)? 348=11 pints;
436 (miles)+11=89.64 miles per pint lubricating
oil.

Should you burn 18 tons of coal per round trip,
what would be your engine mileage per ton?
218+18=12.11 (Answer).

If you hauled 1,000 tons each way over the
division on this trip, burning 18 tons or 36,000
pounds of coal, how much coal would you burn
per 100-ton-miles 2 1,000x218=218,000 ton miles
or 2,180 100-ton-miles. 36,000 (pounds)+2,180=
16.52 pounds coal burned per 100-ton-miles.

Suppose that you should pull only a caboose
car weighing 20 tons and burn 3 tons for the
round trip, how many pounds of coal would you
burn to the 100-fon miles, and would this increase
or reduce your average for the month? 8 tons=
6,000 pounds, 218 (miles)x20 (tons)=4,360 ton-
milesoronly43.6 100-ton-miles. 6,000 +-43.6=137.6
pounds of coal per 100-ton-miles. 1t is evident by
comparison with the preceding example, where a
full train was hauled and only 16.52 pounds burned
per 100-ton miles, that this one trip, requiring 137.6
pounds, or over eight times as much, will make
your monthly record higher than it would be
otherwise. Heavy trains every day in the month
make the best showing on the ton-mileage basis.

How would this trip affect the records if taken
on the engine mileage basis? If you made 218
miles with 3 tons of coal that would be 72 2-3
miles run per ton of coal. But, in the former
example, as your engine mileage with a full train
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was only 12.11 miles per ton of coal, it is evident
this trip of over 72 miles per ton would increase
your monthly average.

Can you locate the different parts of a locomo-
tive and give their proper names?*

Do you keep the engine which you fire in as
clean a condition as circumstances permit?

What are your views regarding the use of fuel,
coal, and other supplies and tools? They should
be used carefully, with a view to the greatest
possible economy consistent with effective service.

Do you comply cheerfully with all orders ema-
nating from your superiors in the service?

What is of supreme importance to an engine or
train when on the road? Their right to be there
and their due and proper protection.

If you should discover that a fixed signal was
missing or imperfectly displayed, what would it
be your duty to do? It would be my duty to
notify the engineer at, once.

The foregoing constitutes the first examina-
tion. It is very simple and easily learned. How-
ever, it is desired that the student should mean-
while extend his knowledge in other directions.
Among other things, he should familiarize him-

#The reader will note that the fine engraving of the locomo-
tive (Plate L) used in Railway Equipment, Vol 1., has been
introduced into this volume as well, in order that reference
thereto may be the more easily had. This complete chart,
naming each and every part of a locomotive, will be found ex-
tremely valuable to any one who seeks to familiarize himself
with the intricate machinery and the names of the different
parts of alocomotive. The reference numbers throughout this

manual which are inclosed in brackets, refer to the number of
the part designated by Plate 1., and should be carefully studied.
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self in a practical way with the construction and
working of the locomotive.®

*It is proper to repeat here that the inguiries and replies as
embodied in this and the succeeding sections will vary more or
less on the different roads that take up the system of progress-
ive examinations, but whatever they may be, the knowledge
embraced in these inquiries and the replies thereto will not only
greatly facilitate the fireman in passing his examination, but
will be a benefit to him in all his subsequent career.

DUTIES AND RESPONSIBILITIES OF
ENGINEERS.

FIREMEN'S SECOND EXAMINATION,

NoteE.—As indicated in a preceding foot note, the book on
Railway FEquipment of this series, will be found to contain
a carefully prepared diagram of the locomotive in which the
different parts are numbered. These parts are frequently re-
ferred to in the examinations which follow, By reference to
the number indicated, the reader will be able to locate the
particular thing referred to. This reference, while possibly
not necessary in every case, will, nevertheless, make the exam-
ination more easily understood.

The questions that suggest themselves in con-
nection with the second examination, and the
answers thereto, are as follows:

What has been the average amount of coal (or
wood) consumed per mile run, or per mile per
unit. of tons hauled, by the engine fired by you
during the past year?*

How many firemen, if any, have done better
than this?

What are your relations with your engineer?
(They should be of an amicable nature, so that
you may freely and fully discuss with him every
matter pertaining to your duties.)

What are your views in reference to the use
of intoxicating liquors? (The occasional use of

*Upon many roads statistics of this kind are based upon the
miles run by the locomotive. A much better basis, however,
when it is practicable, is the tons hauled by the locomotive.

(43)
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intoxicating liquors, if continued, results finally
in their frequent and habitual use. 'This is not
always the case, but as a rule tippling results
finally in the participant becoming a drunkard.
No one, of course, who indulges in the use of
liquor ever believes such will be his case.)

Do you work to the best of your ability for the
interests of your employer, and are you economi-
cal in the use of tools, fuel and supplies? Yes, |
consider the interests of my employer as my own,
and therefore economize in the use of supplies as
if paid for by myself.

Do you understand the principle of combus-
tion?

What is it? It is the uniting with oxygen of
any combustible material that has been heated
to the point of ignition.

What is carbon? Itis the element which forms
the chief part of every kind of solid fuel.

From what is oxygen obtained? From the
atmosphere.

What other gas does the atmosphere contain?
Nitrogen.

Which element forms the greater portion of
the atmosphere? Nitrogen has a volume of four
parts to one of oxygen, but by weight is only
double the latter.

To cause complete combustion of one pound of
coal, how large a volume of air is required with
the forced draught of a locomotive? About 300
cubie feet; and as each shovelful of coal contains
15 to 20 pounds, the necessity of free admission
of air to the fire is apparent.

OF THE LOCOMOTIVE ENGINEER.
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Deseribe the general form of a locomotive
boiler? It is cylindrical in form. It has, usually,
a rectangular shaped fire-box at one end and a
smoke-box at the other end. Flues run through
the cylindrical part, which, like the fire-box, are
surrounded by water,

Why are these parts surrounded by water? In
order that steam may be generated quickly and
in as large a quantity as possible, by presenting
the greatest practicable surface to the action of
the heat.

Describe a locomotive fire-box. The modern
form is a rectangular shaped structure located at
the back end of the boiler. It has a door and is
composed of side-sheets, a erown-sheet, a back-
sheet and a flue-sheet from which the flues run
to the smoke-box located in the front end of the
engine. (See Fig. 6.)

To what kind of a strain is the fire-box sub-
jected? It is subjected to a crushing strain.

How are the sheets of the fire-box supported?
They are supported by means of stay-bolts
screwed through the inside and outside sheets
and are riveted together. (See Fig. 7.)

What is the object of hollow stay-bolts or of
“detector holes” in stay-bolts? To immediately
indicate by the escape of steam through this
small (detector) hole that the stay-bolt is
broken.®
" #A “detector hole" is a small one-eighth or three-sixteenth
inch hole drilled in the center of the outer end of a stay-bolt to
a depth somewhat greater than the thickness of the outside sheet

of the fire-box. (See Fig. 7.) This practice is based upon the
fact that it is at the outer end that a stay-bolt usually breaks.
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In what manner is the erown-sheet supported?
By means of crown bars or radial stay-bolts.
(See Fig. 6.)

What annoying feature is there connected with
crown bars? They are hard to keep clean, and
cause “mud-burnt” erown-sheets,®

i

What is the advantage of the radial stayed

crown-sheet? 1t is comparatively easy to keep
clean and cheaper to repair.
" #*When crown bars are used, the top of the fire-box is flat and
hence offers a considerable surface for the settling of mud and
other incrustating matter. With the radial stayed fire-boxes the
top of the fire-box is the arc of a circle and consequently less
of such matter ean settle thereon. If a layer of mud or other
poor conductor of heat settles upon the erown-sheet, the water
is kept from contact with it and the sheet is overheated and
becomes burned.
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How are the inside and outside sheets of the
fire-box secured at the bottom? They are riveted
to a wrought iron ring called the mud-ring. (See
Fig. 6.)

What are below this? The grate-frame, ash-
pan, grates, lever for shaking grates and dumping
the fire. (Nos. 139, 164 and 165 of Plate 1.

Deseribe the ash-pan and its uses? It is a
receptacle secured to the bottom of the fire-box
and is provided with two or more dampers
designed to regulate the admission of air to the
fire. 1t collects the ashes dropped from the fire-
box and thus prevents their setting fire to
bridges, cattle-guards and other property else-
W hme dlong the road.

What is the so-called wagon-top boiler? It is
a boiler which has the fire-box end made larger
than the eylindrical part in order to provide more
steam space.

Why are boilers provided with steam domes?
In order to furnish more steam space, obtain
dryer steam, and provide a place for the steam-
pipe (191), throttle valves (195), safety-valves
(201) and whistle (202).

What must be the condition of the boiler in
order to give satisfactory results? It must have
a good circulation and be clean and free from in-
crustation of any nature, u('h as scale, mud, ete.

What is meant by _th(, “circulation” Of a
boiler? The free movement of the water, so that
it may come in contact with the heating surfaces,
and after being converted into steam, be imme-
diately replaced by fresh supplies of water.

OF THE LOCOMOTIVE ENGINEER, b1

What would be the effect if the leg of the
boiler became filled with mud? There would be
no water in contact with the heated sheets and
they would in consequence quickly become blis-
tered or “mud-burnt.”*

What would be the result if the sheets should
become overheated? They would be forced off
the stay-bolts and an explosion would occur.

What effect is occasioned by the stoppage of
one or more flues? The heating surface and
draught are decreased by just so mu(-.h.

Why are the boiler check valves (121 and Fig.
9*) placed so far away from the fire-box? In
order to introduce the water into the boiler as
great a distance from the fire as possible. This
permits the water to become somewhat heated
before coming in contact with the fire-box and
also tends to better circulation.

Where is the steam generated, and in what
manner is its power transmitted to the locomo-
tive? It is generated where the water comes
into contact with the heated surfaces and after-

aard rises to the top of the boiler. It passes
thence through the throttle valve (195) and dry
pipe (191) into the steam pipes (33) in the front
end (14) and so on to the steam chests (44).
From there it passes through the steam ports (56)
at each end of the eylinders (57) when uncov-
ered by the valve (47), and coming in contact
with the piston (61), pushes it away from the cylin-
der head (64 ) until the opposite steam port (56)

*The narrow water space between the inside and outside
sheets of the fire-box is termed the *‘leg" of a boiler.
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is uncovered by the valve, and at the end of the
stroke the reverse motion isinduced by the steam
entering the opposite side of the valve (47) and
pu*-,hmw against the piston in the opposite direc-
tion. Simultaneously the first steam port is
brought into connection with the exhaust open-
ing (54), and thus the steam that has been used
escapes into the atmosphere through the exhaust
pipe (31 and 32) and smokestack (88). (See
Plate I. and Fig. 6.)

What quantity of water ought to be evaporated
in a locomotive boiler to a pound of coal? Six
to eight pounds, according to circumstances.

What are the advantages of the arch in the lo-
comotive fire-box? It induces a more perfect com-
bustion by retaining the gases in the fire-boy
until they have reached the igniting point. It
thus prevents, partially at least, black smoke by
giving the fire time to consume the carbon and
gases. It also partially heats the cold air before
it enters theflues, and otherwise acts as a deflect-
or on the fire.

What is the advantage of extending the front
end (14) of the boiler? (See also Figs. 4 and 6.)
It serves as a receptacle for sparks, which, if not
confined, would be ejected through the smoke-
stack, thus causing discomfort to the public and
danger to property.

What provision is made in this extended front
end (14) for the regulation of the draft? It con-
tains the exhaust nozzle (82), the so-called petti-
coat-pipe (36), and an adjustable deflecting
plate or diaphram (27). (See also Fig. 4.)
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What is the purpose of the safety valve (201)
and how does it operate ? Its purpose is to relieve
the boiler of excessive pressure by allowing the
steam to escape into the air. The steam, after
attaining a certain pressure, pushes up a stem
and spring and thereby unseats a valve and thus
allows the steam to escape into the atmosphere
until the pressure becomes normal, when the
spring again seats (closes) the valve.®

Of what use is the second safety valve? It is
ralunable as a measure of safety, in the event the
first valve should stick or otherwise become in-
operative.
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—Steam muz Relicf Valie —~

Why are suction or air relief valves (45) +placed
on the steam chest of many locomotives? In
order to admit air into the steam chest and thus
prevent a vacuum therein, when the engine is
running with steam shut off,

*American locomotives are fitted with two safety valves with
the steam pressure usually set at from three to five pounds dif-

ference between them.
tFig. 8 shows one style of steam chest relief valves.
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b6 DUTIES AND RESPONSIBILITIES

Does the draught from an open cab window or
otherwise, affect the working of lubricators (224 )?
Yes, the cold air chills the oil and thereby retards
its low—causes it to “feed” irregularly.

What else would cause irregularity ¢ Dirt in
the lubricator (18). If the choke plugs were too
large, such a result would follow.*

If a lubricator feeds faster when the engine
throttle is closed than when it is open, what is
the trouble? The choke plugs are too large.
(See detail cuts and explanation of lubricators.
Appendix C of this volume.)

Will bad results be caused by filling a lubrica-
tor full of cold 0il? Yes, when the oil becomes
heated, it will expand. It may thus cause the
lubricator to burst or bulge.

How can you clean the sight feeds when they
become filled with dirt? By removing the regu-
lating valve and blowing out the nozzle, or by
running a fine wire or straw through it.+

How can choke plugs be cleaned? By discon-
necting the oil pipes and running a wire through
them.

When waiting on sidings, ete., should the feed
valve or the water valve be closed? The feed
valve, as the water valve may not be tight.

*The choke plug is the nozzle, through the small hole in
which the oil feeds in passing from the lubricator (224) to the
cylinder supply pipe (123). See also cuts in Appendix C.

tThe sight-feed is the nozzle inside of the lubricator feed
glasses of what is known as the “Sight Feed Lubricator.” It is
thus called because of the fact that the oil thatis feeding (i. e.,
being supplied to the part needing lubrication), is doing so in
plain sight of the engineer. See appendix .
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Should oil be used as fast for a speed of fifteen
miles per hour as for a speed of thirty miles per
hour? No.

Explain how to modify the friction of oil. By
making the oil thin by adding kerosene, or other
light oil, rather than by heating it. If it is
heated, the cold surface congeals it, making it a
poor lubricant and occasioning internal friction.

Please describe any new signals introduced
since your last examination.

How many changes have been made in the old
signals?

What tools should a locomotive be supplied
with? Those that the company’s rules and regu-
lations require.”

Besides the ordinary tools, what should be
carried for usein case of break-downs on the road?
A valve-stem clamp, blocking for the erosshead,
two hardwood wedges (as shown in Fig. 9), a few
pieces of pine board, a small coil of wire or strong
cord, and a miscellaneous assortment of bolts

*These rules and regulations are not, of course, uniform on
different roads. Indeed, some roads do not specify what they
should embrace. However, generally speaking, the list may
be said to include the following items: Axe, pinch bar, flue
plugging bar, small steel bar, blocking, bolts and nufs, broom,
tallow bucket, water bucket, one gallon oil-can, one guart oil-
can, squirt can, engine chain, cape chisels, cold chisels, clinker
bar, elinker hook, coal pick, cushions, dipper, green flags, red
flags, white flags, frogs, machinist hammer, soft hammer, ash
hoe, 9-inch jack, 24-inch jack, jack levers, blizzard lamps, white
lanterns, packing hook, packing iron, flue plugs, front-end
poker, saw, scoop shovel, tallow pot, torch, torpedoes, 12-inch
monkey wrench, 15-inch monkey wrench, eccentric set screw,
oil cups, steam chest nut wrench, air-pump spanner, large in-

jector spanner.
B vol 12
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and nuts. Many times considerable delay will
be avoided if these tools are readily at hand.
What should the engineer do before attaching
his engine to a train? He should comply with
any regulations there may be in regard to regis-
tering; examine the shnp book to ascertain
whether or no the repairs have been made that
have been ordered; look over the engine carefully
and remedy any defects there may be; try the
gauge cocks (219) and both injectors (179), and
see that the engine is supplied with the tools,
supplies and blocking it requires. He should also
ascertain whether the fireman has attended to his
duties or not.

MWMyeMad! THWMnAf 4 ,Sfua,g ~
ForUse inCase ofHroken Spring orHanger, Tire orAxle, Equalizer,&e.
T of These dhould bo onfrary ld\:‘n' -

What precaution should be taken if work or
repairs, such as having valves faced, brasses filed,
ete., have been done to the locomotive? The
engineer should examine to see that the work
has been properly done and whether the parts
require lubrication or not. In any event, they
require to be given special attention, as new parts
are always liable to run hot and cause rough
bearings.

When everything is ready, how should the
engine be started? In full gear. The throttle
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(195) should be opened slowly and carefully in
order to start the train without a jerk. This les-
sens possible injury to draw bars, and in the case
of passengers and freight minimizes the annoy-
ance and danger.

Is the engineer required to see that his entire
train is attached? Yes.

Should the bell (132) be rung before starting ?
Yes, always.

In what manner should water be supplied to
the boiler? Continuously, except when starting
the train. The quantity should be regulated
according to the work the engine has to do..

After the engine is started, what particular
thing will especially facilitate its economical
working? The use of a full or wide open throt-
tle (195), except when the engine can do the
work with less than a six-inch cut-off; also, by
regulating the speed by means of the reverse
lever (217).

When an engine is to be taken over the road
without a train, what should be done before
starting? If the rules permit an engine passing
over the road without a conductor, it would be
necessary to make such entries as the rules re:
quire in the train register; also secure running
orders; also see that the engine is supplied with
necessary lanterns, flags, torpedoes, ete.

If the engine should break down between sta-
tions, what should be done? The line should be
protected at once by the use of the danger signals
preseribed by the company. Afterward the
engineer should investigate as to the extent of
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the damage and repair same if possible, so that
he might at least go forward to the nearest
siding, from whence he would report the matter
to the proper official.

What is meant by the “total wheel base” of a
locomotive? The distance from the center of the
front to the center of the back wheel.

What is meant by “rigid wheel-base?” The
distance between the centers of the front and
back driving wheels.

Why is the top rail of the frame not made
straight? (See Plate I. and cuts on pages 62
and 114 of Railway FEquipment, Vol. 1.; also
Figs. 22 and 23.) To give slope to shallow fire-
boxes, so that the flues will be further above the
grate.

Why are the piston rods frequently extended
out through the front cylinder head, as shown in
Fig. 1397 In order to better guide the piston
and produce more uniform wear of the cylinders.
This is the practice, noticeably, with the large
cylinders of compound locomotives.

DUTIES AND RESPONSIBILITIES OF
ENGINEERS.

THIRD EXAMINATION OF FIREMEN,

Note.—The questions propounded, and the answers thereto,
that constitute the third examination are given below. 1t will
be remembered that this is the final examination and the fitness
shown by the applicant, together with the general character he
has established, determine whether he will be thought com-
petent to be promoted to the position of engineer or not. It
will be observed that this examination is much more elaborate
than those that have preceded it. However, study and experi-
ence will enable the applicant to pass it without diflienlty. A
perusal of the questionsand the responses thereto strengthens
the suggestions previously made that many engineers who have
never been critically examined in regard to the construction,
maintenance and working of the locomotive will greatly
strengthen their position by familiarizing themselves with the
points this and the other examinations bring out. It will be
noticed that the duties indicated are such as belong to the en-
gineer to perform or that he is responsible for. I also wish,
in’ this connection, to again call particular attention to the
accompanying diagram of the locomotive; also to the descrip-
tion of the locomotive embraced in the companion volume
to this on Railway Equipment. The description in ques-
tion is accompanied by forty-four engravings prepared espe-
cially for this work, and representing the main features of
the machine, namely: Longitudinal section of boiler; front
view of locomotive; rear view of locomotive; sectional views
of locomotive through the exhaust. chamber and the live
steam chamber; side view of American bogie (or pony) truck,
supporting forward end of locomotive: sectional views of
locomotive through the forward driver and the fire-box; side
view of American locomotive truck, supporting ferward end of
locomotive; evolution of the coal burner smokestack; side view
of injector; section of injector; force pump; check valve for pre-
venting water returning; section of boiler fuse plug; section of

(61)
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safety valve; interior of steam gauge; exterior of steam gauge;
section showing action of steam in single-expansion cylinder;
end view of ¢ylinder; two and four bar crossheads; section of
indicator; side view of eccentrics, straps and reversing gear;
end view of reversing gear; engineer’s lever in connection with
reversing gear; section showing action of steam in compound
cylinder; front view of compound eylinder; section of starting
valve and relief cock, compound eylinder; application of start-
ing valve and relief cock, compound eylinder; section showing
grate and damper; longitudinal section of locomotive boiler
filled with water; part section of boiler, showing blower; section
showing spark arrester; section showing fire-box and tank
arrangement for the use of oil as fuel; fuel oil burner; side view
of tender with water scoop dropped; section of tender show-
ing water scoop in track tank; front view of tender with scoop
in track tank; rear view of tender; equalizer, side view; sand
pipe of locomotive, supplemented by steam or air blast; steam
whistle; cylinder relief cocks; side view of locomotive; eight
wheel passenger locomotive; chart of standard American loco-
motive.

Notwithstanding the exceptionally large number of engrav-
ings in the volume Railway Equipment, I have had many orig-
inal engravings of a more special character prepared for this
edition of the Manual. Hence it is that I feel justified in think-
ing that, while many so-called catechisms and progressive ex-
aminations have been published and are very well in so far as
their limited scope permits, the combination of this Manual to-
gether with the other volumes comprising the Science of Raul-
ways, will be of untold advantage to students of railway mat-
ters.

The book Railway FEgquipment also contains a technical
and exhaustive account of the working of the air brake, illus-
trated by thirty-two expressly prepared engravings. It also
further contains a detailed and scientific account of the prac-
tical application of electricity as a motive power to general
transportation, illustrated by eighty engravings prepared ex
pressly for the volume in question.

In the event the injector (179) should not work
while on the road, what action would you take?
If the tank valve was open and the tank con-
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tained water, I should look for the stoppage in
the hose (287) or strainer. If I found them all
right, I should conclude there was something the
matter with the injector (179) and act accord-
ingly.

What should be done in regard to the water
level meanwhile? It should be watched, and the
fire-box door opened so as to prevent the engine
blowing off. If the water should get low, I would
bank the fire.

To what cause, as a rule, is the failure of the
left-hand injector to be attributed? Non-use.

What should be done to obviate this? Both
injectors should be used daily.

In what way can both injectors be kept in good
order? By their alternate use, say, one used on
the out-trip and the other on the return trip, or
by using one at terminals and the other while
running.

What is the difference between “priming” and
“foaming” of a boiler? Priming is caused by
contracted steam space or the boiler being too
full of water. Foaming is caused by foreign sub-
stances, such as oil, soap, ete., getting into the
water.

What would you do in the case of foaming? I
would shut off the throttle and injectors and as-
certain the true level of the water, by allowing
it to settle; then I would open the fire door so
that the engine would not blow off. If the water
should drop too low, I would open the throttle
and apply the injectors. If there was a surface
cock, I would open it, if there was none I would
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handle the engine carefully until reaching a point
where the boiler could be washed out.

What would you do if you discovered that the
water in the tank contained oil? I would pro-
ceed as in the case of foaming, until I reached a
water station, when I would flush the tank, using
the heaters in the tank to bring the oil to the
surface. *
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Check valve, for preventing water from running.

What attention should be given to boiler at-
tachmenfs, such as the gauge cock (219), water

*Hrown sugar putinto the hose and forced into the boller will generally
counteract the effect of the oil.
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glass, ete.? They should be looked after to see
that they are in good working order and are not
clogged or filled up.

What should you do if a wash-out plug (104)
was blown out, or a blow-off cock could not be
closed or was broken off? I should dump the
fire, plug up the hole and re-fill the boiler. If I
found it impossible to plug up the hole, I should
send for assistance to take the engine to a place
where it could be repaired.™

If the check valves (Fig. 9') remain open
after the injector stops working, how would you
proceed to close them? 1 would tap the valves
gently on the top or bottom of the valve case,
preferably with a piece of wood, being careful not,
to hit the sides of the valve if it is made of brass.

If you eould not re-till the boiler, what would
you do? 1 would disconnect the engine and
arrange to have it hauled to some place where it
could be repaired.

What parts would it be proper to disconnect ?
It would be proper to disconnect the valve stems
(49) and take down the main rods (92).

How can a disconnected tank valve be opened
without stopping the engine? By closing the
water valve (185) and injector overflow (180)
and blowing steam through pipe (236) and hose
(237) suddenly.t
~ *Blow-off cocks are located in parts of the boiler where mud
or other incrustating matter is liable to settle. By their means
such sediment is ejected from the boiler.

1This will generally blow the tank valve out of its seat,

but steam should be shut off quickly to prevent bursting the
hose (2387).
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What would you do if you stopped the engine
working and the water in water glass dropped
out of sight? I would open the throttle so as to
raise the water above the crown sheet, deaden
the fire if necessary, and immediately set both
injectors to work.

What should be done in the case of a discon-
nected throttle ?* If the throttle becomes discon-
nected and remains open, the steam pressure
should be reduced so that the engine can be han-
dled with the reverse lever (217). The trainmen
should be notified of the mishap and a report
made of it at the first telegraph office. If the
throttle becomes disconnected and remains closed
the engine should be disconnected.

—Allen Ported Valve ~
~ CentralPosition ~~

What should be done with a flue (122) that
leaked badly or had burst? It should be plugged,

*A disconnected throttle signifies that either the throttle
valye (195) has become disconnected from the throttle bell erank
(196) or that the latter has become disconnected from the throt-
tle stem (197). It will readily be seen that in either event the
movement of the throttle lever (215) will not open or close the
throttle valve.
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and the engine should be provided with tools
suitable for that purpose.

What should be done if the whistle (202) orone
of the safety valves (201 ) blowsout? They should
be plugged with soft wood, tied or otherwise
secured.

What would you do if the engine was stalled
in the snow and the water in the tank was low?
[ would shovel snow into the tank and melt it
with the heaters.®

~~Allen Valve ~=
*'*.Eur’lyAamiuipnPea-iod —

How low would you allow the water in the
tank to get before shoveling in the snow? Not
lower than one foot.

Can the boiler be filled with water through
the injectors by towing the engine with another
locomotive? Yes.

How is this done? Close all openings from the
boiler except those from the tender, open the
engine throttle and both injectors, leaving the

¥The term *‘heater,”” as usually applied to a locomotive, sig-
nifies the supplying of steam to the tank through the feed pipe
(286) and hose (237) from the injector (179) after closing the
heater valve, as shown in the supply pipe (119) above the
overflow (180).
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reverse lever in the ordinary position for that
direction in which the engine is being towed.
The pistons will form a partial vacuum in the
boiler, and water from the tender will be drawn
in. It is evident that any air suection valves
(Fig. 8) on the steam chest must also be closed
in some way.

[f the throttle was closed and steam still came
out of the eylinder cocks (68) what would you
do? 1 would see if the oil pipes (123) from the
lubricator (224 ) were closed, If they were, then
I should report that the throttle (195) leaked.

How can you distinguish a leaky throttle (195)
from a leaky dry pipe (191)? If the water in the
boiler is high enough to submerge the dry pipe,
steam issuing from the eylinder cocks (68 ) would
indicate a leaky throttle. Water and steam
would indicate a leaky dry pipe. If the dry pipe
is not submerged, the location of the leak cannot
be determined.

How should a hot bearing be treated? It
should be lubricated and packed, and cooled so
far as practicable before going ahead.

How would you proceed with a eracked steam
chest (44)? I would loosen the steam chest cover
(43) and insert iron wedges or nails between the
steam chest bolts and sides of the chest, and
fasten down the steam chest cover.

How would you disconnect if you had a broken
steam chest (44)? I would disconnect the valve
stem (49), cover the admission ports (56), take
down the main rod (92) and block the cross-
head (96).
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How are the steam chests and covers usually
ruptured? By reversing the engine at high speed
without opening the throttle.

With a totally demolished steam chest and
cylinder on one side, what would you do? 1
would put out the fire, disconnect both sides of

Liink Blocked T
for ~
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the engine and ask to have it hauled to the shop.
Repairs might be made by putting a solid gasket,
in the steam pipe, but as a rule this is not
practicable.

What can be done if the lifting shaft (112),
reverse lever (217) or reach rod (118) break?
The links (105) can be blocked up to the point
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at which the engine should cut off, as illustrated
in Fig. 12. It must be remembered, however, that
it is impossible to reverse until the block is
changed.

[f the piston (60 and 61), crosshead (96),
connecting rod (92) or crank pin were bent or
broken, what would you do? I would disconnect
the engine. If the crank pin was bent or broken,
I would take down both side rods.

What should be done with a hot piston rod
(60)? Tt should be cooled off with oil, the engine
being kept moving slowly meanwhile. Water
should not be used in cooling a piston rod.

[f a piston rod (60 ) should break and knock out
the forward eylinder head (64 ), how would you
disconnect? 1 would disconneet the valve stem
(49% at the connection (51) and cover the ports
(56) and remove the broken parts.

Why would you not take down the main rod
(92)? Because there would be no harm in leav-
ing it up.

What should be done if one of the glands that
holds the piston rod packing (59) in place was
blown out, thereby breaking off one lug and one
bolt? The piston gland should be blocked or
secured, if possible; if not, the engine should be
disconnected on that side.

What will indicate that an eccentric (BB Fig.
12) has slipped on the axle (A4)? The irregular
sound of the exhaust.

How can you determine which eccentric has
been displaced? By running the engine slowly
with the link first in full forward motion, then

OF THE LOCOMOTIVE ENGINEER

Fc:q. 13.

END VIEW.

SIDE VIEW.

ECCENTRICS, STRAPS AND REVERSING GEAR.
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Eccent ric oil-cups.

S—Reversing or tumbling shaft.
Y—Frame of engine.

T—Reversing shaft box.
U—Reversing-arms,

V—Reach-rod.
‘W—Spring counter-balance.

R—Valve rod.
XX—

KK—Reversing-link filling pieces.

L—Reversing-link saddle.

J—Reversing-link, back half.
M—Saddle pin.
N—Link-block.
O—Link-lifter.
PP—Rocker-arms.
Q—Rocker-shaft box.
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in full backward motion, and observing if the
steam is admitted at each end of the cylinder
just before the erank pin reaches the dead points.
The effect of a slipped eccentric on the valve is
either to increase or diminish the lead. If the
eccentric has slipped toward the crank pin, the
lead will be increased and steam will be admitted
to the cylinder sometime before the piston
reaches the end of its stroke. If it has slipped
away from the crank pin, the lead will be dimin-
ished, or taken away entirely, and steam will not
be admitted until after the piston has reached
the end of its stroke.® The admission of steam
is indicated by its escape from the cylinder cocks,
which must be left open.

Having determined which eccentric has slipped,
how would you proceed to reset it? I would
place the engine on the forward center. If the
forward motion eccentric (B Fig. 13) had
slipped, I would put the reverse lever in the back
noteh of the quadrant (220) and seratch a line
on the valve stem (49) close to the packing
gland. Then I would place the lever in the for-
ward notch of the quadrant and move the eccen-
tric around by hand until the line on the valve
stem appeared; then I would tighten the screws
that fasten the eccentric to the axle. If the back-
ward motion eccentric (B Fig. 18) had slipped, I
would proceed in the opposite manner,

#This applies to indirect valve motion, as shown in Figs, 13,
14 and 15. With direct valve motion, as shown in Fig. 123, the
reasoning would be the reverse,
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What is the position of the eccentric when the
crank pin is on the forward center? With the
standard type of rocker arm (), which gives in-
direet valve motion, the forward motion, (go-
ahead) eccentric always follows, and the back-up
eccentric always leads the crank pin at right
angles, less the amount of lap and lead, when the
engine is moving forward, see Skeleton Fig. 15.

IYOURECT VALYVE MOTION
IHITH " [ROCHER AR

[

In the event of a valve (47), valve yoke (48),
or stem (49 ), becoming broken inside of a steam
chest (44 ), how can the breakage be located ? To
test one side, place the piston at half-stroke and
admit a little steam to the eylinders, then move
the reverse lever (217), from full forward to full
backward gear. If the steam escapes alternately
from both cylinder cocks (68 ) it may be concluded
that the defect is in the opposite steam chest.

Having located the defect, how would you put
the engine in safe running order? By taking off
the steam chest cover (43 ), and blocking or fasten-

ing the valve (47) centrally as shown in Fig. 16,
6 vol 12
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or by plugging the ports (56) with soft wood
boards if the valve was broken. The defective
side should then be disconnected and the cross-
head (96) securely blocked.

If the valve seat (52)is broken, what should be
done? Take off the steam chest cover, cover
both steam ports (56) as shown in Fig. 16 and
disconnect the engine.® In some cases the false
valve seat may be removed.

[s it necessary when disconnecting to block the
crosshead (96)% Yes. It is the safest thing to
do in case the ports (56) become uncovered.

How and in what position is it best to block the
crosshead ¢  Put the crosshead at one end of the
stroke and place a block between it and the guide
blocks, securing the blocks by strong cord or wire,
to prevent their falling out, as shown in Fig. 17.

Does it make any difference at which end of
the stroke you block the erosshead? Yes. On
engines where the forward driver is opposite
the guides, the crosshead must be blocked clear
ahead so that the forward crank pin will not
strike it.

If a disabled engine is being handled on one
side, what is the best method of stopping so that

*Disconnecting one side of an engine, as in this case, means
the removal of the main rod or rods on one side, securing the
crosshead (preferably at the back end of the guides (89), as shown
in Fig.17, if it will clear the erank pin in that position) by means
of a erosshead clamp or hardwood blocks, well secured, and set-
ting the valve in a central position so as to cover all stean ports,
and securing it there by a valve stem clamp or by cocking
the valve stem gland and setting the gland nut tight on oneside,
An engine may still be operated if only one side of it is discon-
nected.
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the side that is working will not stand on center?
Shortly before coming to a stand, release the
brakes, reverse the engine and open the throttle
slightly.

Why will this prevent the engine from stop-
ping on center?! The final power for stopping
comes from the back pressure against the pistonand
this acts against the rotation of the driving wheels
only when the engine is off the center.

How can you distinguish between a valve blow
(47) and a cylinder ]_)lthIl packing blow (62)1?
valve blow is generally continuous and a eylinder
piston packing blow intermittent. If it arises
from eylinder packing it will blow the strongest
at the commencement of the piston stroke.™

Do you fully understand the difference between
piston rod packing (59) and ecylinder packing
(62)? The piston packing rings (62) are termed
“eylinder packing,” to avoid confounding them
with the piston rod packing (59).

What should be done in the case of a broken
eccentric strap or blade (160 and 162)? Take
down both eccentrie straps and blades on the side
where the break was located, and disconnect that
side of the engine.

How would you disconnect if a lower rocker
arm (116) became broken? I-would cover the

ports (56), eclamp the stem (49 ), disconnect the

main rod (92) and block the crosshead (96).

*A wasteful escape of steam through the engine exhaust
nozzle is termed a “blow” in contradistinetion to the usual
“exhaust.”
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the broken lower arm did not strike anything I
would allow it to remain as it was.

What can be done in case a link saddle pin
(107) breaks? The hanger (111) can be taken
down and the top of the link (105) blocked up
with a piece of wood to the point at which you
wish to cut off.
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If the link hanger (111) or lifting arm (112)
should break, what would you do? I would do
the same as in the case of a broken saddle pin.

Would you reverse the engine under these con-
ditions? No.

If you should lose a rod key, what would you
do? If it was a main rod key, I would substitute
a side rod key, if the engine had one, and put a
wooden key in its place.

How would you disconnect in the case of a
broken crosshead (96)? The same as for a broken
cylinder head. T would disconnect the engine on
the side on which the break was located.
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If the engines have six or more connected driv-
ing wheels, what side rods should be taken off, if
opposite ones are broken? If the knuckle is back
of the pin, as in Fig. 18, and the back section is
broken, the corresponding side rods on the
opposite side should be taken off. If the forward
section is broken, all side rods should be taken off.

How would you disconnect if you broke a main
crank pin close to the wheel? I wouald take off
all side rods (152) and disconnect engine, and
fasten the crosshead (96) and valve (47) (with
steam ports (56) covered) on the broken side.

AMain Conmaation

~FRoads &e.~—
~ForMognul orTen-Wheol Engine—

Which are the main drivers of a locomotive?
That pair of wheels to which the main rods are
attached.

On which axle is it customary to place the
eccentrics, and why? On the main axle, so that
the engine can be run, even with all the side rods
taken down.

Deseribe the difference between a standard,
mogul, ten-wheel and consolidation engine. A
standard engine has four drivers, connected, and
a four-wheel truck. A mogul has six drivers, con-
nected, and a “pony’” or two-wheel truck. A ten-
wheel engine has six drivers, connected, and a
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four-wheel truck. A consolidation engine has
eight or more drivers, connected, and a “pony” or
two-wheel truck.

If one of the forward tires (187) of a ten-wheel
engine should break, what would you do? 1
would run the wheel with broken tire up on
wedges (see I'ig. 9) placed on the track, so as to
raise the tire above the rail and insert in place

Fig.19
C J

Wheel Blocked Up

ForBroten Tire orAxle~=~

of the cellar a block thick enough to hold the tire
off the rail, as shown in Fig. 19. Then, if the
rods were not sprung, I would go ahead with the
train,

What would you do in the case of the tire on a
rear driving wheel breaking? I would proceed
as in the case of a broken front tire, running very
carefully, especially around curves.

What would you do in the case of a broken
main driving wheel tire (187)? 1 would block up
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the wheel to the thickness of the tire, loosen the
side rod keys and proceed carefully without the
train.

How would you proceed to run a mogul engine
with the back tire off? I would remove the cel-
lar and insert a block between the pedestal and

M.Driv’iuy.ﬁxuﬂro)ccn Ouitside theBox ~~

journal so as to hold the wheel center off the rail
and then take off both back sections of the side
rods.®

*The cellar of a journal is a hollow, box-like casting placed
beneath the journal. In conforming as nearly as possible to
that portion of the journal not covered by the brass, it serves a
double purpose—to keep dust and dirt from the journal, and,
being packed with waste, wool, hair or other similar substance
saturated with oil, greatly assists to a proper lubrication of the
journal. The bolts or keys that secure it in place are termed
cellar bolts.

The pedestals arve the jaws of the frame of a locomotive, be-
tween which the driving boxes (150) are held.
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What would you do under similar circum-
stances with an eight-wheel standard engine?
[ would endeavor to run the engine to the shops,
by placing wedges between the tank and engine,
thereby blocking up the engine so that the
weight will be against the flange of the good
wheel.

How fast would you run in that condition?
Not exceeding five or six miles per hour, and
very slowly on curves and switches.

Tig.21.
~—ForBroXenEngTrick Wheel orAxle—

If the back tire of an engine were off, how
could you fix the engine so as to safely back
around curves, if necessity required? With
standard (eight-wheel) engines, by blocking as
for broken rear tire on a mogul; that is, relieve
all possible weight from rear drivers. With a
mogul, you would have to block with soft wood
between engine and tender on the inside of the
curve.
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In case the axle of a driving wheel should
break, how should the axle be blocked up and
part of the weight relieved from that box? Hard-
wood blocks should be used to block the axle up
level; blocking under the spring saddle will take
part of the weight from the box, as shown in
Fig. 20.

What would you do in the case of a totally
demolished tank truck? I would go to the near-
est siding and send for help. In case of necessity
I would substitute a car truck.

What should be done if an engine truck wheel
(71) or axle (73) breaks? Remove the broken
wheel or axle and chain the truck frame to the
engine frame, as shown in Fig. 21.

How should a broken tank truck, wheel or axle
be treated? By removing the broken wheel and
axle, placing a cross tie on top of the tank and
suspending the truck to it with chains, afterwards
proceeding slowly to destination.

What is the object of equalizers and springs’?
(See Figs. 22, 23 and 24.) To distribute the
weight of the locomotive more equally upon all
the bearings and to make the engine ride easier,
thereby lessening the wear and tear on the ma-
chinery as well as affording greater comfort to
the enginemen.

When the springs and equalizers are in order,
where is the weight of the engine carried? The
frame and the boiler resting upon it is supported at
the engine truck center in front and at the ful-
crums of the equalizers and, from these latter
points of suspension, the weight is transferred

OF THE LOCOMOTIVE ENGINEER.
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through the equalizers and springs to the spring
saddles resting directly upon the driving boxes.™

How is the weight carried when an engine is
blocked up on top of the boxes? On perfectly
smooth track there would be little difference, but
on rough track there would be times when the
whole weight of one side would come upon the
box that is rigidly blocked.

What makes the best blocking for use between
the driving boxes and the frame? Good hard-
wood, because of its greater elasticity than metal
and it also remains in place better.

What should be done if a driver spring (141),
spring hanger (142) or equalizer (143) breaks?
With heavy engines such as those in use, en-
gineers are not expected to jack up the engine.
Even if the engine is small, the quickest way is
to raise it by placing wedges (see Fig. 9) on the
rvail, if possible, as time is an important consid-
eration; but this should be done carefully, as
other springs or hangers may be broken or the
engine may be derailed. If a forward spring
or hanger should break on an eight-wheel en-
gine, a fish-plate or other piece of iron should be
placed between the top of the back box (150)
and the frame (155) on the broken side. This

*Locomotives having the springs above or below the frame
are said to be over-hung or under-hung, as the case may be.
There is no difference in the principle, but simply in its prac-
tical application to the various classes of engines. Plate I. and
Figs. 22 and 23 show engines under-hung, Fig. 24 shows springs
over-hung, while in the engraving on p. 114 of Railway Equip-
ment (Vol. 1.) the back springs are shown under-hung and the
forward springs over-hung.
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will save raising the wheel that much higher and
will permit the use of a smaller wedge. Then a
wedge should be placed on the rail and the back
wheel run up on it. This will take the weight
off the forward box. I would then block solid
with wood between the top of the forward box
and the frame and remove the spring saddle, if
necessary, as in Iig. 25; then let the engine
down, remove the fish-plate from the back box
and run the forward wheel up on to the wedge,
which will take the weight off the back box and

relieve the equalizers (143). T would then pry up
the front end of the equalizer and block it solid, as
in Fig. 25, and let the engine down and remove all
loose parts. If the back spring or hanger is broken,
the reverse should be done. If it is a mogul or
ten-wheel engine, I would run the forward wheel
up on the wedge in order to raise the weight off
the main wheel, or run the main wheel up in
order to raise the weight off the forward wheel.
If it is a mogul engine, and a forward spring
or hanger breaks, it may be necessary to re-
move both forward springs and block on top
of both forward boxes; but if it is only a
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hanger that is broken, a chain may replace it,
as in Fig. 26. When both forward driving boxes
are blocked, the intermediate equalizer to the
truck should also be blocked. When the
springs and hangers are below the frame, I
would proceed in the same manner, and then
block or chain up the equalizer (143) until level
and remove or secure the broken springs or hang-
ers. When the spring hangers (142) straddle

.Fz'y. 26.
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the frame (155) it is sometimes possible to
block between the hanger and the frame. If
the large spring (141) below the frame (155) and
between the drivers (138) should break, I would
block the top of both boxes (150) or block be-
tween both long hangers and the bottom of the
frame, securing or removing the broken parts.
If the small coil spring back of the rear drivers
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breaks, it may be necessary to remove one of the
small equalizers which ride the box. If it is neces-
sary to do so, I would block on top of the box.
If it is not necessary to do so, and the spring
hanger cannot be held in any other way, I would
chain the back end of the small equalizers to
the frame; otherwise I would let the frame ride
the box and run the engine very slowly. With
equalizers broken, I would raise the engine the
same as in the case of a broken spring or hanger
if it is possible to do so. If an equalizer ora stand-

Fig. 26~

Side View of American Bogie (or Pony) Truck, supporting
forward end of locomotive.

ard cn an eight-wheeled engine breaks, I would
block on top of one box and block up the loose end
of the equalizer the same as fora broken spring or
hanger, if possible; if not, I would block on top of
the driving boxes. If the forward equalizer on a
ten-wheeled engine breaks, I would block on top
of the forward and main boxes and block up the
forward end of the back equalizer.

What should be done if the pony truck center
pin or long equalizer of a mogul engine is broken?
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If it is the eross equalizer on a mogul, block on
top of both forward boxesand block on top of the
back end of the long intermediate equalizer that
goes to the truck; if it is an intermediate equal-
izer, block hetween the boiler and cross equalizer;
if itisthe cross equalizer on a four-wheeled pony,
block on top of both forward boxes. If the equal-
izer is below or between the frames, it might be
possible to block between the hangers and the
frames. If it is 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 the truck equalizer, block on top of the truck
boxes between the box and the truck frame. All
loose parts should be removed or secured. If a
pony truck center pin breaks, replace it, or block
between the cross equalizer and the Loiler.

If the front end (18) should break, what should
be done? Board it up, using the studs (bolts
with threads cut on both ends), if possible; other-
wise brace it. A wet blanket will do for a short
time.

If you lost the smokestack (88) of your engine,
what would youdo? Substitute something that
will create a draught, such as a barrel or long
box.

How can you make temporary repairs to a hole
punched in the engine tank, so that the engine
‘an run to shops? By stopping the leak with
burlaps, waste, or cab curtains used as a gasket,
secured by means of boards inside and outside.

Why should the bottom joints (13) of a cinder
hopper be kept tight? To prevent the air from
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getting into the front end and causing the cin-
ders to ignite; thus cracking or otherwise injuring
the front end of the engine and weakening the
draught.

If the grates (165) were burnt out or broken,
while on the road, how would you manage? |
would block them with brick, wood, the water
pail, or other available substance, if they were not
too badly burnt or broken.

Which is generally considered to be the better
direction to move a derailed engine in order to get
it back on the track? Retracing the path it took
in leaving the rails.

What precautions should be taken to prevent
the engine from emitting live sparks from the
smokestack? Care should be taken to see that
the netting (26) is in good condition, and that
the ash-pan and its protecting screens are also in
good condition. If an engine throws fire, it
should be worked as light as possible and slipping
the driving wheels avoided. The matter should
be reported to headquarters at once.

After the train has started, why should the
reverse lever (217) be hooked towards the center
of the quadrant (220)? To cut off the supply of
steam from the boiler to the eylindersat a shorter
point of the piston stroke.

What is meant by working steam expansively ?
Allowing the steam that is in the eylinder (-)?)
when the supply is cut off to perform the remain-
der of the stroke by its expansion, Saving of
fuel is thus effected.

7 vol 18



90 DUTTES AND RESPONSIBILITIES

What is meant by the “lead” of a valve (47)?
The width of the opening of the steam port (56)
when the piston is at the beginning of its stroke.
When there is no “lead” an engine is called
“blind.”

What 1s meant by “outside lap”? The dis-
tance that the valve (47) projects over the outside
edge of the steam ports (56) when it is in the
center of the seat. See Fig. 27.

Fig.27.
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Why are locomotives given lap? For the pur-
pose of enabling the engine to work steam ex-
pansively: thus the steam is held in the eylinder
and expanded while the valve is traveling the
distance of its lap.

What is meant by “inside lap”? The distance
that the inside edges of the exhaust cavity of a
valve overlap the outside edges of the bridges
when the valve is in the center of its seat; nega-
tive inside lap is termed “clearance.” See Fig. 27.
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What effect would be produced on the lap and
lead by changing the length of the eccentric
blades (161 and 163)? The total lap and lead of
both ends would be unchanged: what would be
taken from one end would be added to the
other.

Why are the eccentric blades (161 and 163)
made adjustable? Inorderto equalize the travel
of the valve (47).

Does lead increase by “hooking up” the engine,
or shortening the eut-off, when the ordinary link
motion is employed? Yes, the earlier the cut-off.
the more lead.

How can the total lap of a valve be changed ? Only
by cutting off or adding to the edges of the valve.

How can lead be changed? Only by moving
the eccentrics on the axle.

If lead can only be changed by moving the
eccentric on the axle, how does “hooking up” an
engine increase the lead, as stated above? Be-
cause hooking up throws the whole motion back
around the eccentric, which acts the same as
throwing the eccentric ahead through the
motion.

Is it the engineer’s duty to adjust the valve
motion of an engine? No, except in case of de-
rangement on the road; at all other times it
should be done by shopmen.

What work about the engine should the engi-
neer do before the engine in attached to the train ?
See that the wedges, nuts and bolts are tight,
tighten the rods by means of the wedge keys, see
that the journal oil boxes are well packed, see
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that all frictional parts of the engine are properly
oiled and look after the headlight.

How would you proceed to tighten the driving
box wedges (148)? I would block the tank wheels
and place the engine on upper back eighth (see
diagram ) on the side to be adjusted.* 1 would
then push the lever ahead once or twice, leave
the lever forward with the steam behind the
pistons and then push the loose wedge up. 1
would commence at, the main drivers.

What are the proper positions in which to key
up the main rod? The positions in which the
wrist pin is the largest through the length of the
main rod.

What is the necessity of keeping the brasses
keyed up properly? If they are not thus keyed
up, they will become loose in the straps and pos-

*For the purpose of particularizing the various positions of
the driving wheel erank (when ocecasion requires), the 360
degrees through which
it passes are divided into
eight parts; the “‘upper
quarter’’ represents the
cerank pin when directly
above the main axle; the
“lower quarter” when
directly below it; the
“forward center’ lo-
cates the erank pin on a
straight line between the
main axle and the eylin-
der, the *“back center"
180 degrees from there.

Fia. 28. The “‘eights” are the up-
per, lower, forward and back, as shown by diagram,
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sibly break, as well as loosen everything about
the engine.

How would you proceed to key up the side rods
(152) on a mogul and a consolidation engine? 1
would first see that the wedges were properly
adjusted, then place the engine on forward cen-
ter on the side to be keyed, loosen all the keys
on that side, key the main connection (See Fig.
18) first, and then adjust the front and back ends
in the same manner.

Why is it necessary to place the engine on
dead center while keying up the side 1ml.-? In
order to insure the keying of the rods at the
proper length and to avoid a strain in passing the
dead centers.

Why should the side rods of a six-wheel con-
nected engine be keyed from the main connec-
tion first? In order to get the proper length of
all the rods.

Can the length of a side rod of an engine be
altered by keying in any other position than on
the center? Yes, but any other position might
throw the engine out of tram.

What provision should be made in the rods for
the uneven movement of the boxes on the pedes-
tals? The rods should be made as long as pos-
sible, but still remain free on the erank pins dur-
ing a full revolution.

If an engine pounds when steam is shut off,
what does it indicate? That something is wrong
—that the drivers are flat; that the main wds
are too long or too short, or that the follower
bolts (i. e., bolts for holding together the parts
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of the piston on the front side of the packing
rings) or something in the cylinder is loose.™

Why will engines usually pound worse in full
gear than when hooked up? Because in full gear
the lead is the least and there is very little cush-
ioning of the pistons.

What are most frequent causes of pound-
ing? (1) Broken or loose driving boxes or (2)
driving box brasses; (3) loose or broken main-rod
brasses or (4) side-rod brasses; (5) main-rod too
long or too short, causing either the crossheads
or pistons to strike; (6) worn guides; (7) spider
loose on the piston-rod; (8) follower bolts loose;
(9) piston rod loose in the crosshead; (10) flat
spots in the driving wheel tires.

What would you do in order to locate a “pound-
ing” in the driving box (150), rod-hrasses, ete. 1
would place the engine on the top quarter (see
diagram ), block the driving wheels on the oppo-
site side, stand down by the side of the engine,
and have the fireman work the reverse lever back
and forth by the center, with steam in the cylin-
der. Then I would try the opposite side in the
same way.

In what manner would you give an engine a
thorough inspection on arrival at your destina-
tion? I would inspect the bearings, wheels,
eccentries, springs, hangers, and all parts of the
engine that could be seen. If any defects existed
I would notify the proper parties of the fact in
writing.

*The blow felt on an engine from flat wheels, loose brasses,
ete,, is termed a “pound,”
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What is meant by friection? The resistance
of two bodies in contact with each other; that
which in any way opposes the mechanical motion
or sliding of one upon the other.

Upon what does the amount of friction depend ?
It depends upon the pressure of one body bearing
upon another, independent of the area in con-
tact; the nature of the materials brought into
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contact; the efficacy of the lubricant used; speed
and temperature.

What is the effect of introducing oil or any
other lubricant between frictional surfaces? The
generation of heat is prevented, and the surfaces
between which there is friction are prevented
from coming together, thus minimizing the fric-
tion.

What rule should be observed in regard to
oiling an engine? All parts requiring it should
be oiled, using no more oil than is necessary. The
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amount of work the engine has to do, the tem-
perature and the weather must to be taken into
consideration.

How great a distance should an engine run to
a pint of engine oil, or a pint of valve or c¢ylinder
oil, and how should an engine be oiled to effect
the greatest economy? The best record made by
any engine of a similar class and doing similar
service should be equaled or excelled.

Deseribe the manner in which a sight feed
lubricator (224) operates? The steam is con-
densed into water and flows down into the
reservoir, as water is heavier than oil. The oil
rises and then passes through a tube down into a
cavity in the bottom of the lubricator, and then
through the sight feed glasses, which are filled
with water. There it is caught by a jet of steam
from the equalizing tube and is taken into the
oil pipe (123) leading to the eylinder (57).

Describe the principle upon which injectors
(179) work? The action of injectors is due to
the fact that the velocity of steam escaping from
a boiler at a certain pressure greatly exceeds the
velocity of water under the same pressure, and
consequently, when the water is brought in con-
tact with the steam, the steam imparts its veloe-
ity to the water, and, by mixing with it, is con-
densed.

The following explanation of the accompany-
ing engraving of a rudimentary injector, Fig. 31,
will make clear the principle: In Fig. 31 the
steam pipe terminates in the nozzle N, inside of
a cone C on the end of the feed pipe. When
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steam is admitted through valve V to the steam
pipe it escapes through the nozzle N and the cone
(', and this current of steam produces a partial
vacuum in the latter and in the feed pipe, thus
drawing water up from the water tank into this
cone (), where it encounters the jet of steam

H]
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DreZivoryPipe

Iig.31.

Znjeclor Principle

from the nozzle N, both escaping at 4. But
when the water mingles with the current of steam
in the cone ' the steam is condensed, imparts its
velocity to the water, and the jet escaping from
C consists of water only. This at first overflows
at A, but after a few seconds its velocity has be-
come so great that the momentum of the water
forces the check valve open and flows into the
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ATR BRAKE EXAMINATION.

Note.—In the book on Railway Equipment great pains have
been taken to describe the air brake and how it is worked: It
was intended to be exhaustive or at least more complete than
anything hitherto written on the subject. What follows is em-
bodied here, because it forms a part of an examination of
“‘would-be" engineers that I am describing for the benefit of
those concerned. The account of the air brake in Railway
Equipment, referred to above, covers nearly a hundred pages
and is profusely illustrated. I would recommend it to firemen
who seek to be engineers, and all others who wish to post them-
selves in regard to the construction, maintenance and operation
of the air brake.

In regard to the particular air brake referred to (the West-
inghouse), I adopt that, not because I have any interest what-
ever in the brake or its owners, but simply because it is more
generally used than others, and is therefore of greater general
interest. To understand it thoroughly will enable the student to
quickly familiarize himself with other forms, because while de-
tails differ in many essential things, yet the object and general
means of attainment are the same. M. M. K.

Can you trace the air through the air brake
system? Yes. The air is received from the atmos-
phere through the air e¢ylinder (169 ) of the pump;
from there it is carried through the discharge
pipe (172) to the main drum (99); then through
the engineer’s valve (218)to the train line (231);
through the branch pipe, cut-out cock and triple
valve to the auxiliary reservoir (to charge the
cars); then through the triple valve to the brake
cylinder (to set the brake); then through the

(100)
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triple valve to the atmosphere (to release the
brake). When a retainer is used, the final exhaust
has to go through the retainer.

Are Westinghouse air pumps single or double
acting? They are double acting.®

Under what circumstances will a pump com-
press air in but one direction? When any one of
the four valves in the air cylinder are fast or
broken.

How should an air pump be started and lubri-
cated? It should be started slowly and should be
lubricated by putting eight to ten drops of eylin-
der oil in the steam eylinder (170 ) as soon as thb
water has worked out. The harder the pump’s
service the greater should be the amount of oil
supplied thereafter.

At what speed should a pump be run? It
should be runat a uniform medium speed not suffi-
cient to cause excessive heating.

What kind of oil, if any, should be used in the
air cylinder (169) of a pump and where should it
be applied? Engine oil should be used, and it
should be applu,d through the cup on top of theair
cylinder and not through the air valves. If a
pump becomes very hot, it may be necessary to
use valve oil for temporary relief. The pump
should be cleaned out with lye at the end of the
run. The best method for cooling it is to allow
it to draw in some cold water through the air sue-
tion ports, and then a teaspoonful of engine oil.
1f necessary. The oil and condensed water drained

*See full explanation and illustration of Air Pump, Appen-
dix B
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from the steam ecylinder (170) of a pump while
it is being started are good for the air cylinder
(1{}‘:1) if it does not contain too much oil. The
air eylinder, it may be remarked, is a very im-
portant, matter, as the sensitiveness of all the air
parts of a locomotive depends upon the proper
treatment, of the air cylinder.

What objection is there to the use of kerosene
or valve oil? Kerosene is liable to explode and
valve oil gums that with which it comes in
contact.

Should a swab be used on a pump rod? Yes,
metallic packing should always have a swab.*

Whet causes water to get into the main drum
(99)? Compression of the atmosphere (contain-
ing moisture) causes precipitation of water.

How often should the main drum and tender
drain cup be drained? Daily in freezing weather;
at other times, every few days, according to the
weather,

What damage does water do? Insummer it
rusts the pipes, and the scale falling therefrom
stops the strainers and cuts the valves. In win-
ter, if the water freezes, it bursts the pipes, or
they are clogged with frost, thus preventing the
working of the brakes.

What train-line pressure should be carried on
an engine? That which the rulesand regulations
prescribe. Seventy pounds, ordinarily, is the rule.

*A “swab” is the term applied to the cotton wick or other
absorbent material wrapped around a piston rod or valve rod
for the purpose of lubricating the rod in its packing gland.
This “swab’ is kept continually saturated with oil.
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The engineer is responsible, although the engine
may be in his charge for only one trip.

How is the train-line pressure regulated with
an 1889 valve (D 8) on an engine? By means of
the governor (177).*

How is it 10;.{ulated with an 1892 (D 5, E 6 or
F' 6) engineer’s valve? By means of the feed
valve, when the governor is set above the re-
quired train-line pressure.+

What is excess pressure? The amount of
pressure in the main drum over the train-line
pressure.

When should excess pressure be carried? At
all times, except when charging a train at termi-
nals or recharging on heavy grades.

What is the value of excess pressure? It
insures prompt and certain release of the brakes,
especially on long trains. It is also used to
charge cars quickly.

How much excess pressure would you carry
with an 1889 valve? Fifteen pounds for a passen-
ger or short train, and twenty pounds for a
freight or long train.

*The 1889 valve is so designated to avoid the confusion of
letters and numbers. I call it thus because it was introduced
in 1889. It ismore generally known as D 8. In 1892 another
valve was introduced, and this is also designated by letters and

numbers. I designate one the valve of 1880 and the other the
valve of 1892.

tThe 1892 valve is variously designated in different cata.
logues. The reason I designate it as the 1892 valve is because
it was introduced in that year, and in order to avoid the confu-
sion that the various numbers and letters cause to railway men,
In some cases it is called the 1892 valve in others D 5, I 6, or
F 6. They all refer to one and the same valve.
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How much excess pressure would you carry
with an 1892 valve? 'T'wenty pounds for a pas-
senger or short train, and twenty-five to forty-
five pounds for a freight or long train.

Why would you carry a different amount of
excess pressure for a freight than for a passenger
train? Because freight cars have a larger train-
line piping, and there are usually more cars
than in passenger trains. Consequently, to insure
prompt release, more excess pressure is necessary.
Besides uncharged cars are often introduced
(picked up) by freight trains; such trains also
frequently break in two, necessitating a large
quantity of air to release the bhrakes.

How do you regulate excess pressure with each
kind of engineer’s valve? With the 1889 valve
in running position, the excess pressure is regu-
lated by the tension of the spring in the excess
pressure valve; with the 1892 valve, if the feed
valve is properly set, the excess pressure is regu-
lated by adjusting the governor.

What does air blowing out of the little hole in
the neck of the top of the new governor indicate?
It indicates that the pin valve (or diaphragm
valve) is off its seat, either on account of dirt or
on account of the tension of the governor spring
having been reached.

If the pump stops before the maximum pressure
is attained, what should be done first? Shut the
pump off entirely for a minute, and then open it
quickly; if it then fails to start, it is probable
that the main valve is broken and cannot be
fixed without protracted delay. If the pump
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starts, but stops frequently, remove one of the caps
of the pump (the side one preferably) and put in
some cylinder oil, replace the cap and start the
pump slowly. If this does not suffice, remove the
reversing piston (side cap) and ascertain if the
packing rings are broken. If they are, remove
the broken pieces and wrap with candle wicking
and oil. Next remove the center cap, pull out
the reversing valve and stem, noticing as you do
so that the reversing plate is not loose.

If these parts are found to be all right, put them
back (being careful to put the valve in facing the
reversing piston ), and push the stem completely
down, replacing the cap. Then if the pump
starts and makes one complete stroke, up and
down, the trouble is with the reversing valve
plate (to get at which 1t is necessary to remove the
top head of the pump,) or with the air piston
—the piston nut has probably worked loose—to
remedy which, remove the bottom air head.

Nore.—If rubber or asbestos gaskets are used instead of
copper to connect the pump, pieces of them lodged in the small
ports in the top head will stop the pump. When the side cap is

off, it is a good plan to turn on some steam in order to test some
of these ports.*

Should the conductor be notified if the pump
doesnot work? Yes, at once, even if the engineer
expects to get the pump working before the next
stopping point is reached.

*The above description only applies to the 93%-inch pump
where it has parts in common with the 6-inch or the 8:inch
pump. See Appendix B.

8 vol 12
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What are the essential parts of the automatic
brake for cars? The train-line, the triple valve,
the auxiliary and the eylinder.

How can you distinguish between the two
kinds of triple valves? The plain triple valve has
a cut-out cock in the triple valve casting, or has
one-half inch piping. The quick action triple
valve has no cut-out cock in the triple valve cast-
ing; it is in the large one-inch or one and one-
quarter-inch branch pipe.

What are these cocks for? They are to cut in
or cut out the brake—that is, they are used to let
the air enter a particular brake apparatus or to
cut out such brake. Inthe case of the four-way
cock in the old style triple valve, it also may be
used to eut in to straight air.

Where is the compressed air kept stored for
use? Forall purposes, in the main drum, train-
line and auxiliaries; for applying brakes, in the
auxiliary, and (with the quick action triple valve )
in the train-line.

How does it get there? The answer to the
first question in the air brake examination
deseribes this, also.

How rapidly does an auxiliary charge? At the
average rate of about half a pound a second,
when the train-line is kept at its maximum.

When should you bear this in mind particu-
larly? When charging uncharged cars, or when
recharging on descending grades.

How can you tell the pressure in the auxiliary?
In a practical way by lapping the valve (position
3) and noting the black hand of the air gauge
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when it stops dropping—. e., with the brakes
not set.  When the brakes are applied the train
line and auxiliary pressures are equal if an over-
reduction has not been made.

Where does the air that enters the brake cyl-
inders come from? It comes from the auxiliary,
if service application is used; and from the train-
line and auxiliary if emergency application (with
quick action triple valve only) is used.

What is the office of the triple valve? It
charges the auxiliary and sets and releases the
hrake.

How is the automatic brake applied and
released? By the triple valve, which allows the
air to enter and leave the brake cylinder. The
triple valve is moved by increasing the train-line
pressure above, or decreasing it below the aux-
iliary pressure.

When the train-line pressure exceeas that of
the auxiliary, what is the effect on the brakes?
They are released by the triple valve.

When the auxiliary pressure is higher than the
train-line pressure, what is the effect on the
brakes? The triple valve sets them.

In making a service application with any given
pressure, what proportion of it should you reduce
to get a fully applied brake? One-fourth of the
auxiliary pressure, for the standard piston travel
of eight inches. This because the cylinder is at
that travel about one-third of the standard aux-
iliary’s capacity.

How much should the first reduction be? From
four to eight pounds, according to circumstances.
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Up to ten cars of air, four or five pounds; from
ten to twenty cars of air, five or six pounds; above
thirty cars of air, seven to eight p()undq

Why are there leakage grooves in cylinders?
To prevent a slight 1(.,‘1.1( from applying the
brakes. Driver brll\e‘-. have no leakage grooves.

How long are these grooves? They are long
enough to allow the piston to move three inches
before covering them.

After making a full service application, how
much pressure is there in the cylinder? The
same as in the auxiliary, i. e., three-fourths of
what the auxiliary had before thb brake was ap-
plied, for standard eight-inch piston travel.

When and how can you obtain greater pressure
than this? By using emergency (with quick
action triples) before you have made much or
any service application.

What is meant by an over-reduction? The
further reduction of the train-line pressure after
the pressures of the auxiliary and cylinder have
equalized (that is, become equal)

What is the result of making an over-reduc-
tion? It is a useless waste of air and results in
an irregular and oftentimes difficult release of
the brakes.

[f you do not make an over-reduction, how
much air is it necessary to restore to the train-line
in order to release all of the brakes? If an over-
reduction is not made on any car, the brakes will
all release together by a sudden increase of but a
pound or two, even though the cars have an
unequal piston travel.
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How many applications are necessary to make
a stop? One, usually, but not more than two.

What is the objection to more? Each applica-
tion reduces the reserve pressure in the auxiliary
reservoir.

When would you make more than one applica-
tion in making a stop with a passenger train?
When at yard limits, draw bridges, railroad cross-
ings, meeting points, or other places of danger;
also when a slippery road crossing is reached just
before a stop is to be made, or at a place where
sand cannot be depended upon.

Why is it dangerous to repeatedly apply and
release the brakes? Because each application
reduces the auxiliary pressure, and, if there is not
sufficient time between the applications to re-
charge, the braking power is gr eatly weakened.

How would you handle the engineer’s valve in
releasing the brakes ordinarily? I would move
it to full release (position 1) and bring it imme-
diately to running position (position 2) before
removing my hand from the handle.

What separates the main drum from the train-
line pressure? The rotary valve of the engineer’s
valve when the handle is at any place except on
full release. Also the feed valve of an 1892

valve or the excess pressure valve of an 1889
valve separates these pressures in running posi-
tion only.

Explain the effect of a cut or leaky rotary valve
or seat? It generally causes a loss of excess in
running position and releases the brakes on lap.
While a rotary valve might be cut in many ways,
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usually the leak is from the main drum to the
train-line, as the seat between the two is only a
quarter of an inch broad.

How would you do good braking with a leaky
rotary?  “Good '—the word is comparative.
Rough handling of the train or jerking could be
avoided if the train-line exhaust was allowed to
blow out as much air, or more than the leaky
rotary was putting into the train-line.

[s a leaky rotary considered dangerous? Yes,
and a proper test before taking the engine
out of the house would have determined the
defect.

Why is it necessary to keep the rotary, feed and
excess pressure valves clean? Because gum or
dirt will cause them to open or leak when they
should be closed, or will cause them to close
when they should be open. Excellent work can-
not be done if these valves are not kept clean.

Where are these valves located? The rotary
valve is located under the handle key of both
engineer’s valves. The feed valve is located on
the side of the 1892 engineer’s valve. The excess
pressure valve is located on the side of the 1889
engineer’s valve.

What is the purpose of the engineer’s brake
valve drum? It enlarges the cavity above the
equalizing piston without taking up space inside
of the cab and making a bulky valve. This space
being large, permits a preliminary exhaust open-
ing large enough not to become easily stopped
up, and yet a very slight reduction in the pressure
can be had.
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If this drum should spring a leak on the road,
what would you do to accomplish good braking?
I would plug the connection to it, plug the train-
line exhaust, and use the handle in direct appli-
cation (position 5), opening it carefully so as to
avoid quick action, and closing it slowly so as to
prevent the surge of airahead from releasing the
head brakes.

State the different positions of the engineer’s
valve. Full release (1), running (2), lap (3),
service stop (4), and direct application or emer-
gency (5).

What harm is causea by ieaving the 1889 en-
gineer’s valve on lap a long time and then releas-
ing? With this valve the governor will allow a
high main drum pressure to accumulate, if the
train-line is below standard when the handle is
on lap. Putting this into the train-line upon
releasing, a burst hose will result, auxiliaries be
overcharged and governor injured.

Would you run a pump fast with an 1889 valve
when on a grade? Not unless there was a long
train which had to be recharged frequently on
account of leakage.

What is the function of the air pump governor?
It automatically shuts off the supply of steam to
the pump when the maximum air pressure has
been obtained and readmits steam to the pump
when the air pressure it is regulating falls below
the standard amount.

What might prevent the governor from shut-
ting off the steam when the maximum pressure
had been obtained? The drain or waste pipe be-
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ing stopped or frozen up; stoppage of the relief
port in the spring cap; too long adiaphram valve;
excessive leakage by the governor piston or
above it; with new governors; the spring under
the diaphragm valve head, broken or missing.

[f the governor became inoperative,what would
you do to get it in working order? I would try
to adjust it by adjusting the spring. Then if it
failed to work, I would relieve it of pressure and
clean the diaphragm valve and valve seat with
soft wood or something that would not scratch or
cut them.

What would you do if the governor did not
allow you more than thirty or forty pounds of
air, although you had adopted the above means
of repair? 1 would disconnect the air pipe lead-
ing to the governor and plug it up, using the
pump throttle to regulate the pump for the
remainder of the trip.

What is the cause of gum or dirt in the gov-
ernor? Oil from the air eylinder, or the running
of the pump over an ash-pit or other dirty or
dusty place.

Why should the brakes on a passenger train be
released before the train is brought to a full
stop? To avoid the disagreeable lurch which is
caused by the trucks being tilted when the train
stops. The greater the amount of air in the
brake cylinder at the instant of release, the
longer it will take it to escape, and this must be
allowed for in order to get a release at exactly
the right time.

——
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Why should you not release the brakes on a
freight train before coming to a full stop? It is
not necessary to do so, because the brakes on
freight cars are generally hung differently from
those on passenger cars, and the train may break
in two.

When would you use the emergency applica-
tion of the brake? Only when necessary to pre-
vent the loss of life or property.*

Does the emergency jerk most when going fast
or when going slowly? When going slowly.

How should the brakes on a freight train, with
only a part of the cars having air brakes, be
applied and released? They should be applied
lightly at first, increasing the pressure when nec-
essary. They should not be released until the
train has stopped.

If necessary to release a part air brake train
when moving, how do you handle the engineer’s
valve? Place the handle in running position
(2), and then move it back to lap quickly, repeat-
ing this several times until nearly all of the
brakes have been released, each time leaving
the handle in a running position a little longer
than the previous time; finally, throw the handle
to full release and then back to running position.

When should the hand brakes be set on the
rear of a train? Only upon a call for brakes, or
when a part air brake train is backing up. Inthe
latter case, most of the braking should be done

*Reference to Appendix A will show that a locomotive should
not be reversed after applying the brakes in emergency.
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by using the hand brakes at the rear. When the
engineer requires assistance, because of too few
air cars, the hand brakes immediately behind the
air brake cars should be used.

If you find the brakes dragging, how can you
release them? By using excess very quickly, if
you have it. If not, by setting the brakes enough
to get excess, and tlien releasing qmcklv

Why is it necessary to test the air brake appa-
ratus before starting? To insure the safety and
celerity of trains upon the road.

Describe the proper method of testing brakes
on a train. Beginning at the rear, the brakeman
should couple all the hose, open all the angle
cocks except the one at the rear, see that all thc
cars are cut in (except such asare marked defee-
tive), see thatall the hand brakes are off, and the
retainers open, with the handles pointing down.
The engine should be cut in last. While the
engine is charging the cars, the brakeman should
pass along the train and inspect it carefully to
ascertain if there are any leaks. In charging a
train, the pump should be run according to the
temperature of the weather, in order to charge
the train reasonably fast without overheating it.
Where there are the average leaks, an eight-
inch pump should charge a train in about one-
half as many minutes as there are cars; a
nine-and-one-half-inch pump twice as quickly.
After the train is charged and the engineer is
satisfied that it is reasonably free from leaks,
the head brakeman (stationed at the head air
brake car) should signal the rear brakeman
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(stationed at the rear air brake car), who should
repeat the signal. After the engineer gets the
signal from the rear man, he should apply fifteen
to eighteen pounds in service application and
place the engineer’s valve handle on lap. The
brakemen should now walk toward each other,

inspecting each car, to see that it sets and h()]db
—noting the piston t1 avel as well. After this has
been done, they should signal the engineer to re-
lease. Then the brakemen should pass each to
his respective end of the air brake cars to see
that all the brakes have been released, and, in
winter, see that no shoes are frozen to the whebls.
The head brakeman should then advise the en-
gineer as to the number of air cars that are in
good working order, and the tonnage or length of
the train.

In testing brakes, why is it not advisable to use
the emergency application? Because the use of
service application is the ordinary method of
stopping a train. Some defective brakes will set
in an emergency application that will not set in
service application.

Why should a full reduction be made, and not
five or six pounds? Because some cars may
charge five or six pounds faster than others, if
charged rapidly. A proper test must insure the
setting of every car that is in fair condition.

In making a test with a train standing, if any
brake in the train sets quick action, how can it be
detected? By noticing the train-line exhaust
from the engineer’s valve. If it stops suddenly
while the brake valve is in service position (it
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may start again or not, according to how much
reduction is made), it shows that the train-line
pressure has suddenly dropped faster and lower
than the pressure above the equalizing discharge
piston. Emergency does this by venting the
train-line pressure directly to the brake cylinder
suddenly.

How would you proceed to ascertain in which
car the trouble was? One method is to set about
five pounds in service application and then find
out which cars having the quick action triple
valve are not set; have some one watch each car
while increasing three to five pounds more in the
service application. The car that sets in quick
action first is the defective one, but as emergency
travels at the rate of about twenty-three cars per
second, it is best to ceut out one of the cars that did
not set at the first reduction, and have the appli-
cation continued; if this proved not to have been
the one thus defective, test the train again,
cutting out another car that failed on the first
application, until the defective car is located.
Another and ordinarily shorter method is as fol-
lows: Cut the air cars in two equal sections and
repeat the test for trying brakes. This will tell
which half of the train is defective. Then take
one-quarter or three-quarters, according to
whether the defective car is in the front half or
back half of the train, and continue in this way
(never trying with less than three car lengths
of piping) until the defective car is found and
cut out. A broken graduating pin in the quick
action triple valve will cause a brake to set quick
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action, and although this rarely occurs, no train
should be taken out of the station until the de-
fective car is located and cut out. It should be
done before damage oceurs.

If one triple valve goes to emergency, will the
others follow? Yes, if it is a quick action triple,
all the other triples of either kind will go to
emergency. Rare exceptions to this rule may
occur where a large number of plain triples or
-ars having brakes cut out are placed together in
a train.

Before starting from a terminal station, or
where a change is to be made in a train, is it
the engineer’s duty to find out how many cars
there are in his train with and without air
brakes? Yes, it is his duty to find out how
many cars there are with air brakes. To know
the tonnage of a train is more valuable than to
know the number of cars.

In making a careful test, why is it ne('esq.u'y
to hold the brakes applied for a minute or longer?
Because the longer the brakes can be left applied
the more certain it is that they will hold for a
long and difficult stop.

Where else, except at starting points, should a
terminal test be made? When changing engines,
or adding a double header (another engine ) after
long delays have occurred on the road, and at the
summit of very heavy descending grades. When
air brake cars are added to a train, a terminal
test of such cars should be made by the forward
hrakeman, while the rear brakeman should see
that the rear air brake car can be applied and
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released from the engine. When the engine
is cut off, or the train cut in two at a erossing, or
elsewhere, it should be ascertained that the en-
gineer can set and release the rear air brake car.

When the brakes apply suddenly without the
action of the engineer, what is the cause? The
train has parted, the hose has broken, or a valve
has pulled open.

What should be done in such a cas¢? The
engine throttle should be shut off and the air
brake handle should be put on lap (position 3) as
quickly as possible.®

If you find that the train has broken in two,
what would you do so as to be able to get under
way again promptly? When the train has been
brought to a stop, I would place the handle in
running position to see if the train pipe is still
open. If I thought it was a burst hose, I would
keep the handle moving from lap to running posi-
tion and back, so that the trainmen could hear
the air escaping from the burst hose. If I find
that the black hand is gaining in running posi-
tion, I would know that the trainmen had found
the defect and had closed the angle cock ahead
of it. I would then release the head brakes and
lap the valve so as to pump up excess ready to
release the rear cars when the hose had been
replaced, or the train recoupled if it has been
parted.

*No attempt should be made to get away from the near por-
tion of the train. Increasing the distance of separation between
the parts will only increase the violence of their finally running
together,
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If, after recoupling, you could not release all
the brakes at once, how would you handle the
engineer’s brake valve in order to do so the most
quickly? I would lap the valve and, after get-
ting about twenty pounds of excess, I would try
to release with this, repeating the operation until
all the brakes were released. I should never
leave the engineer’s valve handle in release posi-
tion expecting the action of the pump to release
all the brakes.

How should you handle the engineer’s valve in
backing up a train where a “tail hose” is being
used at the rear end?* Leave it in a running
position all the time, running the pump a little
more slowly than usual. Before backing out of
the yard, as a test, the rear man should set the
brake while the train is moving, and stop it
against the working of the engine.

When two or more engines are coupled to-
gether, which engine should do the braking?
The forward engine.

What would you do on the other engines? 1
would close the stop cock in the train-line under
the engineer’s valve and run the pumps, keeping
the engineer’s valve handles in running position.

*A ““tail hose' or “back up hose’ is a long hose to be coupled
to the rear air brake hose of the last car, and has on its extreme
end a valve by which the trainman operating it may allow air
to escape from the train-line to apply brakes. This hose is
used where passenger trains are backed any considerable dis-
tance. In conjunction with the valve, it frequently has an air
whistle with which to sound warnings on approaching street
crossings, ete. The tree end of the ‘tail hose’ is fastened to

the platform hand railing, so as to be readily accessible to the
operator from the platform of the rear car.
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All the engines should be equipped with such
stop cocks.

Would you do any differently in cold weather
than you would in warm weather? Yes, in winter
the pump on the rear engine must be kept mov-
ing, even if it is necessary to break some pipe
joint to cause a leak.

What variation is allowable in the brake piston
travel on cars, tenders, drivers and engine truck ?
Generally speaking the piston travel should be
kept between one-half to three-fourths the length
of all kinds of brake ecylinders except drivers. It
is advisable, however, that freight cars be taken
up to five inches when empty and drivers are best
kept between two and four inches. It occurs in
the practice of some companies, that engine
trucks and ore cars or other cars of special con-
struction have eylinders but eight inches long.

How is the slack taken up in each case? In
passenger cars it is taken up by the turn buckles
or dead levers. In freight cars and tenders it
is taken up by the dead levers, or bottom rods
for inside connected brakes. In cam driver
brakes, it is taken up by lengthening the arms,
and in truck brakes by lengthening the outside
arms,*

How can brake shoes be kept from rubbing
against the tires continually on eight-wheeled
miving brake is placed between two adjacent driv-
ing wheels--mainly on locomotives having but two pair of
drivers. Formerly it was largely applied to the two rear driv-
ers of moguls and ten-wheel engines. The more modern form

is “the outside equalized brake'’ as shown in the chart of the
Standard American Locomotive (Plate I.).
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engines? By adjusting the screws of supporting
rods or by adjusting springs.

How are the outside equalized brakes adjusted?
Both the steam and air brakes are adjusted by
tightening the adjusting screw located near the
rear driver on each side.

How does the variation of piston travel affect
the braking power? The braking power is
increased by the shortening of the piston travel,
and wvice versa.

With the same piston travel, can loaded and
empty cars be stopped alike ? No, they will neither
hold nor stop alike on account of the variation
of weight to be stopped, but the brake itself
exerts about the same force in both cases.

Why should the brakes be released before
uncoupling from a train? In order that the cars
can be switched and car repairers can tap (test)
the wheels or jack up a journal box; also to pre-
vent the shoes from freezing to the wheels, and
especially because a brake that isapplied leaks
so rapidly that in changing engines it may be
found that much of the air has escaped.

What should be done with the air hose at each
end of an engine before coupling to the train?
Air should be blown through them, or they should
be shaken out by hand to clear them of dirt and
dust.*®

What is the pressure retaining valve? It isa
weighted valve which the triple exhaust has to

*The rules of some roads require that whenever air hose are
not coupled together they shall be hung up in dummy couplings
provided for that purpose,

9 vol 12
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raise in order to escape it when the retainer
handle is turned up, and has to be turned up
before the brake is released.

What is its use? It retards the release and
finally holds from fifteen to twenty pounds of air
in the brake cylinder while the auxiliary is being
recharged,

In descending a grade, what is the best way to
keep a train under control? The best way is to
apply the air lightly while the train is moving
siowly, keep the trainat a slow speed, and the
train-line pressure as high as possible all the
time. To do this, if it is necessary to recharge,
reduce the speed below the average just before
recharging. To recharge, handle the train as
though a flagman had been sent half a mile
ahemd, 1. e.,, go slow and exercise caution.

In switching with an air brake train and pick-
ing up uncharged cars, how should the engineer’s
valve be handled? As a high main drum press-
ure will release a low auxiliary pressure, this
condition should be obtained before coupling to
the uncharged cars. Then the pressure should be
released, and the handle left in full release until
the pointers of the air gauge commence to
rise.

Do you consider a good light on the air gauge
as important as on the steam gauge? Yes, more
so, as steam is indicated by the working of the
engine, while, until ready for its use, there is no
certain indication of the amount of air pressure
except by the gauge, which must be clearly seen.
Clear vision of the air gauge at night is very im-

——y
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portant and should be given proper attention;
the light from the fire-box when the door is open
is not sufficient.

How often should the air gauge be observed?
When whistling for road crossings, or similar
places, and about two miles from all dangerous
places or places where the train is to stop.

Can one tell approximately how many air
brake cars are attached to the engine by a five or
six pound reduction? Yes, the length of the
blow from the train-line exhaust indicates this
approximately. It is easy to discern a few from
many cars.

How far from important stops, meeting points,
railroad ecrossings, ete., should the th brake
application be made? Not less than a mile on
freight trains, and on passenger trains the dis-
tance should be far enough to insure safety in
case the brakes fail to work satisfactorily.®

For what purposes and in what way is air taken
from the main drum? For many purposes. It
is taken by the train-line, air signal, air bell
ringer, air sander, air blow-off cocks, and air
flanger.

Will a ten pound reduction from seventy
pounds set a brake any harder than a ten pound
reduction from fifty pounds initial train-line
pressure? No, not with a standard piston travel,
or greater than the standard.

If you had but forty pounds of air, lmw much
would you reduce to obtain full power? One-

*L-mma railroads require a running test at least two miles from
all such points and at the summit of heavy grades.
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fourth with standard eight-inch piston travel
would be a full application.

Why is it important to keep the driver brakes
in good order? Because they are the most power-
ful brakes on the train and the most costly. They
keep the tires worn down, prevent the engine
from pulling away from the tank, and prevent
the train from parting near the head end.

How do you test for leaks in driver breaks?
First, apply them. (Emergency application will
hold longer than service application and the
straight air will supply loss from leakage.)
Everything from the triple valve to both eylin-
ders, and all the parts of both cylinders should
then be examined with a torech. A gauge screwed
into the oil hole of the cylinder also affords an
accurate test.

When do wheels generally slide, at high or at
low speed? At low speed.

Which is the more likely to slide, a freight or
a passenger car?! A passenger car, as it has a
braking power of ninety per cent of its weight
under quick action, while a freight car has seventy
per cent or less.

How would you stop a passenger train when
the track was slippery? Apply the sand a train
length before applying the air, and only shut off
the sand when the train had come to a stop.
Less air should be used than at other times, as
the sand helps the brake shoes to hold as well as
the rail.

When is the rail most slippery? When there
is a frost, or the rail is lightly sprinkled. When
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cinders or coal screenings are used for ballast,
the rail is rendered more slippery.

If it is impossible to depend upon sand, as in
the case, say, with a side wind, or if the sand
pipes should stop up, how should the braking be
done? To make a sudden stop, from ten to fif-
teen pounds should be applied about the same
distance from the stopping point as in the case of
a good rail. When the train is reduced to a
speed of from fifteen to eighteen miles per hour,
all the brakes should be released and then five to
eight pounds applied, or not enough pressure to
make the wheels slide.™

Does the black hand of the air gauge show the
train-line pressure at all times? No; only in
full release or running position, or on lap at the
instant the train-line exhaust starts or stops. It
always shows the pressure in the cavity (and
little drum connected thereto) above the equal-
izing discharge piston.

Are the train-line pressure and the auxiliary
pressure always the same? No. While releasing
or charging, the train-line pressure is greater
than the auxiliary pressure. While setting, o
after making an over-reduction, the train-line
pressure is less.

With an 1889 engineer’s brake valve can you
supply a leak in the train-line with the handle
in running position? Yes, if in releasing after

*The speed curve in Fig. 82 shows clearly that it is the reduc-
tion of the high velocity that requires the severest application,
while a low speed can easily be overcome by a light application,
and it is then that wheels are most liable to slide.
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brake applications you move the handle to full
release and bring it immediately to running posi-
tion before letting go of it.

What is the result of leaving the handle of the
engineer’s valve in full release too long and then
returning it to running position? Any leak in
the train will set the brake, and the engineer’s
valve is not ready to overcome it.

What is indicated by noticing the discharge
from the train-line exhaust nipple? About the
number of cars in the train; also, when applying
service application it will indicate whether the
brakes will act with emergency application or
not. When the handle is placed in release posi-
tion, a blow from the train-line exhaust indicates
few or no cars.

If the air signal whistle blows every time the
brakes are released, what is wrong? The press-
ure reducing valve needs cleaning, as it does not
reduce the main drum pressure.

When the weather is cold is it desirable you
should examine the tank wheels before starting,
to see if the shoes are frozen to them, and, if so,
to effect their release? Yes, particularly so, as
there is great liability of water dripping from
the tank.

Should a passenger train going at high speed

be steadied by the brakes while on a curve or

rough place?! Yes. The brakes should be applied
a little before reaching the place, and held on
until the whole train has passed.

If short of air, how can you distinguish whether

the trouble is with the pump or with the gov-
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ernor? By reducing the pressure that the gov-
ernor regulates or by letting it all out. Then, if
the pump works all right, the trouble is probably
in the governor. If the pump does not work all
right, the trouble is probably in the pump.

Would the air brake on a car work properly
with the retainer broken off? Yes,if not plugged
up.

How many air-brake cars should be operated
by one engine? To the extent of the train-limit.
If the brakes leak, complaint should be made
forthwith and the defects remedied.

With an independent brake on the engine, if
you were backing up, which would you apply
first, the automatic brake, or the independent
brake? The automatie train brakes.

How often should you report defects in the en-
gine, that need repairs? Daily, and at every
roundhouse your engine enters.

Do you appreciate the fact that the proper
handling of the air brake on trains is one of the
most difficult tasks that an engineer has to per-
form, and that its proper handling so as to secure
the comfort of passengers and the safety of life
and property requires close attention and the
exercise of good judgment? Yes.

Is it not a fact that the failure of the air brakes
to work is almost invariably due to the neglect
of some one to do the right thing at the right
time? Yes.

Is it the duty of an engineer to observe and
study with painstaking care any and all new fix-
tures and appurtenances introduced from time to
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time in connection with the air brake or other Il
features of the engine? Yes; his imperative
duty.*®

*In closing this examination the attention of the reader is
again respectiully called to the detailed description of the loco-
motive and the air brake, together with the numerous engrav-
ings illustrating the same, to be found in the book on Railway
Equipment. The information in question will prove of value
to all students of the subject treated on.
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OTHER MATTERS RELATING
TO THE DUTIES AND RESPONSIBILITIES
OF ENGINEERS.

The foregoing examinations, with what follows,
prepared with a view to ascertaining the fitness
of firemen to become engineers, treat of things
that it is desirable engineers should know-—should
have at their fingers’ ends—in order to fill their
places to the best advantage. If they are not
familiar with them they should lose no time in
becoming so. They are primary in their nature.*

The vast resources at the engineer’s disposal,
the result of experience, while much of it may be
particularized in print, much of it cannot be.
The beginner does not possess this fund of infor-
mation and it is not expected of him. He is,

*While we must believe that it is desirable that the engi-
neer should not only understand his own duties perfectly, but
those of the fireman as well, it is nevertheless true that this
universality of knowledge is not possessed by all engineers,
This renders manuals all the more necessary. One reason why
engineers do not possess the knowledge in question is that
methods change after they cease to be firemen; thus we will say,
the kind of fuel may have changed, from wood to coal. What-
ever the occasion of the lack of knowledge, the lack exists and
is recognized by railroad companies and excused because
unavoidable, but in so far as engineers are deficient in the
knowledge of the duties of firemen, manuals that throw light
on the duties of the fireman are not only of value to the latter
latter but to the engineer as well.

(133)
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however, expected to attain it as quickly as pos-
sible. If he is ambitious and adaptable he will
soon acquire it. The time required will be
dependent upon the thought that he gives the
subject and his ability to learn. Nothing con-
nected with his business will be too small to
escape his observation; nothing too trifling if it
affords him information; he will avail himself of
the literature, however scant, that dwells upon
his duties or that has any relation to the train
service; he will observe and study the actions of
those about him; question with untiring zeal, all
from whom he can gain light. He will not be
satisfied with the fact that he has been found
worthy to have charge of an engine; he will not
stop until he understands the anatomy of his
machine and its working as the surgeon does that
of his patient.

After his examinations he will go on with even
greater zeal than before, because his ambition
will by this time have led him to aspire to even
higher things. For these and other reasons I
have thought it well to supplement what I have
said with other things that relate to the respon-
sibilities of engineers, and that must be known
to firemen in order to enable them to run an
engine. What I add is not new nor especially
ingenious. It is, however, useful to engineers
and a help to others. I cannot ¢laim to be more
than the compiler and editor, for others before

me have given it expression in one form or

another. It is of the common sense kind, and
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partakes, like all corporate regulations, of a prac-
tical nature. I shall try to avoid as much as pos-
sible repeating anything concerning the duties
and responsibilities of engineers already given.*

With this explanation, I proceed to enumerate
such things as occur to me at this time as form-
ing a part of the subject.

To begin, then, it may be said of engineers, that
amiability, quickness of perception, skill and
promptness of action mark those of the highest
attainments. The fireman who hopes to become
a good engineer must possess similar character-
istics.

It is also a characteristic of such engineers that
they are stirred by an ambition to excel in every
way.

While the fireman is the subordinate of the
engineer, the latter should seek to further his
advancement by teaching him everything con-
nected with the construetion, maintenance and
operation of the locomotive that his time and
capacity for learning permits of.

The fireman on his part should show his appre-
ciation of the kindness and interest of the engi-
neer by his industry, amiability and willingness
to obey orders.

The engineer and fireman must work together,
each recognizing his dependence upon the other,
if the best results are to be attained.

*I shall, however, be only partially successful in this, but
while there will be move or less going over ground already
traversed, it will be in connection with new ideas and a fuller
development of old ones.
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In reference to details, it is becoming more
and more the practice for the engineer to have
charge of both injectors. This notwithstanding
the efficiency of the fireman in this direction. If,
however, the fireman miscaleulates in regard to
the requirements of the engine, and, in conse-
quence, finds his fire too low, and the steam press-
ure dropping unduly because of it, he must call
the engineer’s attention to the fact, that the in-
jector may be shut off and the supply of water
reduced so that the pressure may be the more
quickly regained.

It is a truism that economical firing is impos-
sible where the engine and injector are started
simultaneously, or both shut off at the same time
on approaching stations.

A fact to be remembered is that the cause of
leaky boilers is not necessarily the result of over-
working the engines, but too often due to poor
management of the fire and injectors, combined
with injudicious use of the throttle.*

It has been estimated that when steam escapes
at the safety valves, the loss amounts to about
one-fourth of a pound of coal each second, or a
shovelful of coal per minute, or, as an authority
ingeniously puts it, “It is the same, or worse,
than an engineer allowing the fireman to throw

*In relation to the promotion of a fireman to the position of
engineer, it is claimed by many experts that a fireman who has
beer out of freight service for several years should not be pro-
moted to the position of engineer without again firing a freight
engine for three or four months,
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a shovelful of coal off the engine each minute
without taking steps to stop the waste.” Severe
critics claim they have seen engineers sit calmly
by on such occasions and hear the escape of
steam from the safety valves with indifference.

In reference to the art of firing, there are two
systems of supplying coal to the engine. One is
the banking system, used principally with certain
grades of coal having few or no clinkers; the
other is the spreading system, which is followed
where anthracite coal and some grades of bitu-
minous coal, having more or less clinkers, are
used. Where the banking system is followed, a
large quantity of coal is placed in the rear of the
fire-box until the gases and hydro-carbons have
been expelled and it becomes a coke. Then it is
pushed forward onto the incandescent coals by a
slash bar or rake and a fresh supply of coal placed
near the door. This method is little used and
does not require much skill. Where the spread-
ing system is used the coal is broken into pieces
not larger than an apple. While many compa-
nies require that the coal shall be thus broken
before being placed on the tender, it is, perhaps,
more generally the custom to have it broken by
the fireman. However this may be, he is ex-
pected to see that it is so prepared before being
placed in the fire-box.

Coal broken into pieces of the proper size
offers greater surface area to the heat and per-
mits of being scattered more uniformly over the
fire

10 vol 12



138 DUTIES AND RESPONSIBILITIES

Except in very cold weather coal should be
wet to prevent dust and dirt. This gives in-
creased weight to the fine particles which other-
wise would be drawn directly into the flues,
ausing not only a waste of fuel, but stoppage of
the flues.

At starting, the fire should be sufficient to
carry the train out of the vard, so as to permit
the fireman to give his attention wholly to the
signals and switches.

If the locomotive is supplied with a smoke
burner, it should be carefully looked after, and if
there are any flues in the sides or rear of the
fire-box for admitting air above the fire, they
should be kept open, as it will tend to more
perfect combustion and help to abate the smoke
nuisance.

When the train is under way and normal
pressure of steam has been attained, two or
three shovelfuls of coal should be placed in the
fire-box at a time, but in doing this the fire-box
door should be kept open only so long as may
be absolutely necessary. The coal having been
broken in advance, the shovel should be filled
and drawn forward within reach ready for the
coal to be placed on the fire; this before the fire-
box door is opened.

In firing, coal should be placed along the sides
of the box and in the corners thereof, so as to
exclude the cold air, which has a tendency to
lower the temperature and chill the flues an:l
fire-box.

===
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Care should be taken not to throw the coal so
that it will strike the flues or fall on top of the
arch, if the engine has one.

A fire requires to be frequently replenished
with small quantities of fuel in order to keep it
bright. Heat is greatest when there is a rapid
state of combustion. If there are clouds of
smoke in the fire-box, heat will not readily pene-
trate them, and so poor results will be attained.

In case it is found necessary to maintain a
very heavy fire in order to generate sufficient
steam, it indicates that there is something wrong
with the front end of the engine; either the noz-
zle is too small or may have become choked, or
the draft appliances are not properly adjusted.

The temperature required to ignite carbon (of
which coal is chiefly composed) is about eighteen
hundred degrees. If, therefore, a large amount
of coal is placed on the fire at one time, the tem-
perature is reduced until the coal supplied can
be brought up to the required temperature. The
result is, first, contraction of the metal surround-
ing the fire-box, followed by expansion, thus sub-
jecting the boiler to a great and unnecessary
strain.

The importance of making proper use of the
dampers is not always appreciated. With single
part ash-pans, one damper, and that ordinarily
the rear one, will be found most economical.
By opening both dampers when the engine is
working lightly with a thin fire, too much air
will be admitted, and as air drawn-through a fire
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in excess of the amount required for combustion
tends to cool the gases below the point of igni-
tion, waste of fuel results. Closing the dampers
prevents the admission of air through the fire.
This stops combustion and leaves the fire-box and
flue sheets to gradually cool off. Opening wide
the fire-box door will only partially prevent the
draft through the fire, while it admits cold air
directly onto the flues and sheets surrounding
the fire-box, thereby cooling them so suddenly as
to cause leaks.

In firing, the requirements of the service
should be anticipated. A heavy fire should not
be maintained when steam is to be shut off
wholly or partially., A hard pull, on the other
hand, should be anticipated.

[n starting, the coal should be well ignited so
that there will be no occasion for opening the
fire-box door until the train has gained con-
siderable headway and the lever has been
hooked up, with consequent lighter pull from
the exhaust.

On approaching a stopping point, the dampers
should be shut down, and if bituminous coal is
used, but little, if any, fresh fuel supplied to the
fire. If, however, fresh coal has been applied
through misjudgment or otherwise, the blower
should be opened and the fire-box door left
slightly ajar to prevent smoke and injurious
gases escaping.

Choking volumes of coal smoke and gases
often find their way into passenger cars, causing
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great discomfort, when careless or unskillful
firing is exercised.

It should be borne in mind, in approaching a
stopping place, that a saving of fuel will result
from letting the steam drop back a few pounds,
rather than to allow it to escape through the
safety valves. When it is found necessary to
reduce the steam pressure, the dampers should
be closed, rather than the fire-box door opened.
The injector may also be started if the boiler is
not already too full; if it is, the steam may, in
many cases, be utilized by turning it into the
tank to warm the water therein.*

The ash-pan (189) and the front end (14) should
be cleaned whenever opportunity presents itself.
A set rule cannot be laid down asto the frequency
with which these duties should be performed.
No great amount of labor will be required in
cleaning the front end of cinders if the draft ap-
pliances are good and there are no steam leaks.

In regard to the ash-pan, it will fill up more or
less quickly according to the grade of coal and
the amount used. With a poor grade of coal, it
may become necessary to clean the ash-pan on
the road. The better steaming of the engine
will more than compensate for time thus lost,
and it may result that failure to perform this
duty will necessitate the consumption of two or
three additional tons of coal on a trip.

When suflicient air is not admitted through
the body of the fire, there is a loss through the
smoke-stack of about two-thirds, or more, of the

*Practical experiment has demonstrated that every 11 degrees
{Fahr.) increase in the temperature of the feed water produces
about one per cent. economy in the locomotive boiler,
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heating properties of coal. This shows the im-
portance of keeping as thin a fire as is consistent
with the working of the engine.

While it is possible for a man to become an
adept without having studied the laws of com-
bustion, it is nevertheless true that if he be thus
skilled, he is obeying those laws. To such a one
the study of combustion may be more interest-
ing than beneficial, but to others study will open
up an avenue to the knowledge they should pos-
sess if they would serve their employer accept-
ably. Men ignorant of the laws of combustion,
who stumble into the right path, would attain it
much easier and more quickly by study. All,
therefore, should study the subject, and this
both practically and scientifically.

Extended observation leads to the knowledge
that lack of steam-making power in the engine
is too often the result of over-firing. Especially
is this true in the case of new firemen, or where
the engine has a reputation of making steam
poorly.

As already pointed out, perfect firing means
the admission of fuel and air in exactly proper
proportions, but as no fixed rule can be accu-
rately followed, the fireman may hope to ap-
proximate it by watching closely the results of
different methods of firing, remembering that,
in many cases, by saving the shovelfuls of coal,
the ton is saved.*

*While the foregoing instruetions in regard to firving apply
in the main to all classes of fuel, yet it is true they refer par-

]
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Among many other things appertaining to en-
gineers, the study of friction and the knowledge
of what is dependent thereon is essential. Eco-
nomical and effective use of oil cannot be attained
without it.

Aside from information relative to more prac-
tical things, the engineer and fireman must know
what elothing to wear, and the food best suited
to their requirements.

They must study particularly the best methods
of doing repair work: packing glands, cellars and
boxes; removing brasses; keying rods; setting
wedges, and work of a like nature about the en-
gine and tender.

No one is qualified, it may be said, to operate
an engine, who does not know in advance what
to do in every emergency of train service. He
must be able to act quickly and in the light of
the best practices. In the cases of delays and
mishaps, there is no time to study up questions
or sitnations. The man in charge must be able
to act instantly. There are, in the generality of
cases, preferred methods of procedure in the case
of break-downs and other mishaps. With these
the engineer should be familiar. He is also

ticularly, in several instances, to bituminous coal. Where
anthracite coal or wood is used therefor, modifications will be
requived according to the nature of the fuel and the class of
fire-box and engine. However, the general rule requiring that
the fuel shall be so used as to burn most freely and create the
maximum intensity of heat with the least fuel possible, applies
in every case. This is also true in regard to keeping the
grates free of clinkers and ashes,
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expected to be able to make such repairs on the
road as are possible under the circumstances; to
be able to temporarily adjust eccentrics or the
front-end appliances, set wedges, and disconnect
the engine; to be skillful in the treatment of hot
journals or bearings, and have an ear so trained
as to be able to detect and locate a blow or a
pound that may cause a break-down.

The faculty of observation is to be cultivated
by engineers and firemen. Some men, without
apparent effort, are ever conscious of what is
going on about them, while others see nothing.
It is necessary that the defect of the latter should
be corrected if they would become valuable in
their places. Everyone ambitious of preferment
should seek information from the better informed
men about them, and should not be rebuffed or
discouraged if replies to their questions are not
always courteous or direct. Practice and reading
will do the rest.

In the operation of railroads, men engaged for
years on a particular class of engine, have been
known to remain in ignorance of other classes
about them. This may be remedied by study
and observation. Certainly any engineer thus
handicapped labors under great possible disad-
vantages.

As it is becoming the custom of many well
managed roads to keep a record of the fuel and
other supplies used by each engineer and fireman,
questions of economy on such roads, it will be seen,
have a personal application not known elsewhere.
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It is a duty required of engineers, in many
cases, that they shall reach the engine-house
while their engine is over the pit, that they may
thus be enabled to examine it from underneath,
to better advantage. They are also expected to
inspect the packing of truck cellars, see that the
bolts and nuts are tight, look after the eccentries
and see that the oil holes are clear and oil cups
filled. As the engineer is responsible for the
fulfillment of the fireman’s duties, he is 