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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. Economic 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. 

(111) 



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 to 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, descriptive books, etc. 

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 I. 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. 
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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. I regret my inability to do 
it greater justice. 

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, I wish 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. 

MARSHALL M. KIRKMAN. 
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 REY 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 "SCIENCE OF RAIL-
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 describe particular branches of the ser-
vice, but quickly found that their connection 
with the others was so close as to render a de-
scription 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 LOCOMOTIVE 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 he 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 lie 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 
man who seeks preferment in either must under-
stand how governments are formed and how best 
carried on for the common good. Lie 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 I 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 public, 
without possessing it. This feature of the situ-
ation I have sought to explain in my books as 
conscientiously as I have the basis of rates, safe 
conduct of traffic, 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 itnpos-
sihle 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 perfunc-
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 timings 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 
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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 th►c 
greater freedom, as I am the editor, rather that, 
the author. 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 order 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 greatly 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 Engineer and Fireman 
pulsates with life, forming not only a magnifi-
cent picture in itself, 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 supremely 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. 

As the 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 
case 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 is 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 occupy him, it 
exceeds in value knowledge acquired at any other  

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. 

Usually 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 connec-
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  

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 lie 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, at a 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 th&r inquiries and stud-
ies so 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, lie is 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 
conscientious 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 mechanic 
above him is not willing to accept 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 
familiar with the time table, or not; also with the signals. The 

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 pass or 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 conducted 
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, perfect 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 mechanics, 
foremen and others for 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 critically 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 instruc-
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 railroads to maintain schools of instruc-
tion for the purpose of teaching train men, and  

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 companies in 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 throughout has been carefully 
instructed in technical 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- 



24 
	

DUTIES AND RESPONSIBILITIES 

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 

OF TEE LOCOMOTIVE ENGINEER. 

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 in ore 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 
knowledge. 

In reference to the answers to the various 
questions, it is not expected, as already inti-
mated, that applicants will restrict 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 

volS 	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. 
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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 TEE LOCOMOTIVE. 

Before formally taking up the examinations al-
ready referred to, it will be proper to preface them 
by a brief description of the simple and primary ap-
plication of steam to the locomotive. I know 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 instructive. 
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 be 
desires to maintain a place in the front ranks of his profession. 
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to say here, therefore, relates simply to the proc-
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 beating 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 
si filar 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 distinction 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  

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 natural 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 a locomotive 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 clouds 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 changed into gas by 
the action of heat. Accordingly, 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 Equipment," Vol. 1. 
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THE AMERICAN STEAM LOCOMOTIVE.-Prepared exclusively for Kirkman's "SCIENCE OF RAILWAYS." 

Particularizing the different parts  of the locomotive and giving the names by which they are known to those connected with the Motive Power Department. it is at once a Chart and an Encyclopaedia, each part of the locomotive being given a number so that it 

mar be recognized and aulekir referred to. 

PLATE I. 
DESCRIPTION OF TH 14: LOCOMOTIVE, AS PER DIAGRAM HEREWITH. 

127. Boiler Jacket. 
128, Jacket Bands. 
129. Hand Rail. 
130. Hand Rail Brackets. 
TIM Bell Stand. 
132. Boll. 

Boat. 134.133.  Sand Blol  
1135. Sand F.  . Sanii. Box Lever. 36   

In. Driving Wheel Tire. 
198 Driving pyinagn.Wheei Centers. 

Ash139.   
140. Driver Brakes. 
141. Driver Springs. 
142. Driver Spring Hangers. 
143. Driver Spring Equalizers. 
144 Driver Spring Hanger Brace 
145. Lower Rail of Frame. 
146. Pedestal Brace. 
147. Driving Box Shoe. 
148 Driving Box Wedge. 
149. Wedge Bolt. 
150. Driving Box. 
151. Driving Axle. 
152. Side or Parallel Rod. 
153. Rod Hush. 
154. Main Red Connection. 
155. Main Frame. 
156, Frame Brace. 
157. Frame Splice. 
158, Go Ahead Eccentric. 
159. Heel. Up Eccentric. 
160. (3-o Ahead Eccentric Rod. 
161. Go Ahead Eccentric Strap. 
162. Back Up Eccentric Rod. 
163. Back Up Eccentric Strap. 
164. Graie Shaking Rig. 
166. Rocking Grates. 
166. Expansion Pad. 
167. 1•lxpansion Link. 
186. Running Beard. 
169. Air Cylinder Brake Pump. 
170. Steam Cylinder Bra.ke 

Pump. 
171. Air Strainer. 
117732 DDreilviveto.eyotto DDrum. 

174. Pump Piston Packing. 
17!. Pump Exhaust Connection. 
176.7ver no  Pumpgtre.  am connection. 1  

6
7 In 

ton  Pump ValveCase. 

11 8801: Winajeteetropr itree.rnow. 

182. Steam Pipe. 
163. Steam Valve. 
184. Primer. 
163. Water Valve. 
166. Fire Box. 
187. Tube Sheet. 
185. Radial Stay Bolts. 
189. Sling Stay. 

190. DStary1P131peolt.s. 

192. Stand Pipe. 
193. Dry Pipe Hangers. 
194. Throttle Pipe. 

1110711[6.  6.. TT h. r hh rrr oo°  tLt eee R eV  11 
Stem. 

 rank. 

1911 Dome. 
199. Dome Cap. 
2(8l.. Dome Casing. 
201 Safety Valves. 
202. Chime Whistles. 
203. Whistle Rig. 
204. Ventilator. 

206 Air
2°5; Cab. 
2331. 	Lubricator. 
207. Air Gauge. 
208. Steam Gauge. 
209 Steam Turret. 
210. Injector Throttle. 
211. Blower Cock. 
212. Gauge Lamp. 
213. Signal Whistle. 
214. Air Pump Throttle. 
215. Throttle Lever. 
216. Sand Lever. 
217. Reverse Lever. 
218. Engineer's Brake Valve. 
219. Gauge Cocks. 
220. Quadrant. 
221. Cut out Valve. 
2..n. Fire Door. 

Cylinder Cock Lever. 
224. Sight-Feed Lubricator 
22. 

°iH al  nCda  osirr. 
227. Shake Lever Stub. 

Ash Pan Damper Handle. 
Whistle Signal Valve. 

:M. Brake Valve Reservoir. 
231. Train Pipe. 
2.1.12.12. sTraigninalPii,lpepeHose. 

234. Signal Pipe Hose. 
235 Feed Pipe Hanger. 
236. Feed Pipe. 
237. Feed Pipe Hose. 
288. Tail Piece of Frame. 
23a. Cab Bracket. 
240. Counter Balance Weight. 
241. Engine Brake Triple Valve. 
242. Engine Brake Auxiliary. 
248. Connection to Truck Brake 

244. DreYlvelirnladerark.  e Cut Out Cock. 
245. Truck Brake Cut Out Cock. 
246. Bell Ringer Valve. 
247. Air Pipe to Boll Ringer. 
248. Air Pipe to Governor. 
249. Male Reservoir Connection 

to Air Gauge. 
250. Train Line Connection to 

Air Gauge. 
M. Glass Water Gauge. 
252. Main Crank Pin. 
22171.. 13pailcokt  CBrraarike_  Pin. 

DITTIES AND RESPONSIBILITIES OF 
ENGINEERS. 

FIREMAN'S FIRST EXAMINATION. 

How long have you been in the service?* 
How long have you served as a fireman? 
What should you do on arrival at the round-

house previous to your departure therefrom with 
your locomotive? I should draw the necessary 
supplies and see that the lubricators, lamps, oil 
cans, tank and sand boxes are filled. If the coal 
be bituminous, I should see that it is broken and 
wet down, that the cab and its fittings are wiped, 
the ashpan cleaned, and the grates straight, so 
that coal will not drop through them. 

When on duty, do you compare your watch 
with that of the engineer to see that they agree? 

As it is the duty of the engineer to show you 
any train orders that he receives, are you par-
ticular to see that the rule is always observed? 

Are you familiar with the signals? 

nu the army and navy, fitness being the same, promotion 
is dependent oil length of service. Promotion in the railway 
world also depends on length of service, provided the qualifica-
tions of applicants are alike. Continued and trusted service, 
it will thus be seen, in the employ of a particular railroad 
Company is a matter of the greatest importance to those who 
seek preferment. 

(so  

2. Pilot. 
2. Draw Bar Plate. 
a Coupler, 
4. Air Signal Hose. 
5. Air Brake Hose. 
6. Hose Hangers. 
7. Buffer Beam. 
8. Pilot Bracket. 
9. Flagstaff. 
.0. Arch Brace 
11. Front Frame. 
12. Cinder Chute. 
13. Cinder Chute Slide. 
14. Extension Front. 
15. Headlight Step. 
16. Signal Lamp. 
17. Number Plate. 
18. Smoke Arch Door. 
19. Smoke Arch Front. 
20 Smoke Arch Ring. 
21. Headlight Bracket. 
22. Headlight Case. 
23. Headlight Reflector. 
24. Headlight Burner. 
as. Cleaning Door. 
1.91. Netting. 
27. De tie tor Plate. 
28. Deflector Plate Adjuster. 
29. Air Pump Exhaust Pipe. 
30. Blower. 
31. Nozzle Stand. 
32. Nozzle Tip. 
33. Steam Pipe. (2.1 
34. T or Nigger Head. 
35. Dry Pipe Joint. 
36. Petticoat or Draft Pipe . 
37. Stack Base, 
31, Smoke Stack. 
39, Areh Hand Rail. 
40, 011 Pipe Plug. 
41. Cylinder Saddle. 
42. Steam Chest Casing Cover. 
48. Steam Cheat Cover. 
44. Steam Cheat. 
45. Relief Valve. 
46. Balance Plate. 
47. Balanced Slide Valve. 
48. Valve Yoke. 
40. Valve Stem. 
5e, Valve Stem Packing. 
51. Valve Stem Connection. 
52. Valve Seat. 
58. Bridges. 
54. Exhaust Port. 
65. Front Train Line Cook. 
66. Steam Ports. 
57. (blinder. 
58. Back Cylinder-Head. 
59. Piston Packing. 
60. Piston Rod. 
61. Piston Head. 
62. Piston Packing Rings. 
1)3. Truck Center Casting. 
64. Front Cylinder-Head, 
65. Cylinder Head Casing. 
66. Cylinder Lagging.  

Cylinder Casing. 
Cylinder Cocks. 
Cylinder Cocks Rigging. 
Engine Truck. 
Engine Truck Wheel. 
Engine Truck Tire. 
Engine Truck Axle. 
Engine Truck Brass. 
Engine Truck Box. 
Engine Truck Pedestal, 
Engine Truck Frame. 
Engine Truck Pedestal 

Brace. 
70. Engine Truck Frame Brace 
80. Engine Truck Equalizer. 
61. Engine Truck Spring 

Hanger, 
H. Engine Truck Spring. 
83. Engine Truck Spring Band. 
84. Front Signal Line Cock. 
85. Safety Hanger. 
86. Truck Brake. 
HZ Wheel Guard. 
88. Air Signal Pipe. 
89. Guides. 
00. Guide Yoke. 
91. Guide Block. 
92 Attain Rod. 
RI. Main Rod Front Strap. 
94. Hey. 
95. Crosshead Pin. 
98. Crosshead. 
97, Front Frame. 
118. Air Drum Bracket. 
99. Air Drum. 

100. Pump Connection. 
101. Train Pipe Connection from 

Main Reservoir. 
102. Valve Stem Rod. 
203. Train Pipe, 
104. Wash Out Plugs. 
105. Link. 
106. Suspension Stud. 
107. Link Block Pin. 
108. Link Block. 
109. Eccentric Connection, Back 

Up. 
110. Eccentric Connection, Go 

Ahead. 
111. 'Link Hanger. 
112. Tumbling Shaft Arm. 
113. Tumbling Shaft. 
114. Tumbling Shaft Lever. 
118. Counter Balance Spring ILMI 

Rig. 
119. Rocker. 
117. Rocker Box. 
1111 Roach Rod. 
119. Branch Pipe. 
120. Check Valve Case. 
121. Cheek Valve. 
122. Flues. 
123. Oil Pipe. 
124. Horizontal Boiler Seam. 
126. Circumferential Seam. 
126. Boller Lagging. 
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Please describe 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 steatu create a draught 
through the fire? By fanning a partial vacuum 
in the smoke-box and in the flues, which the hot 
air from the fire-box rushes in to fill, thus creat-
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 the 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 

Is 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 
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." 

fThe reason flues leak when exposed to cold air is that the 
fire expands the flues 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 Qu ld water rapidly into allot boiler 
will have the same effect. 

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 
public. 

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 put Hug into the 
fire-box, at most, but two shovelsful at one time. 

Is this manner of firing producti vu 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- 17'75' 	 r•3. 

box than in the back end, 

*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 ) 
The steam is carried to the smoke- -einYle 	_Doctlte. 
stack for the purpose of creating a 
forced draught through the fire-box. --Exitaital'efes— 
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what does it denote? It denotes that the greatest 
mount of draught passes through the bottom 

Hues. 
When the amount of fuel burned is greatest 

under the fire-box door, what does it indicate? 
Owning Zzazat 

F75/. 4. 
Dra 145hrt appzia yteeo-  in A.Ym okeg3ox 

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

How can these defects be remedied? By 
adjusting the draught appliances in the smoke-
box of the engine. 

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 funning 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 the 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 off or emitting black smoke. 

What is the proper method of using dampers? 
The dampers should be closed when the engine 
is not working. The back dampers should at all 

*A "pull" on the lire-box door is caused by the partial vacuum 
always existing in the lire-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. 

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

Describe 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 upward toward the stack near the nozzle. 
(See Fig. 5, also Plate I ) 

Fm. 5. 
What is the use of a blower? Its 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 strongly while the fire-box  

and grates are being freed from ashes and clink-
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-

box 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 whenever 
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. 
4864-3.1451 miles run to the pint of valve oil. 

If you use 8 pints of engine oil in the same 
distance what is your mileage per pint of engine 
oil? 486 (miles)÷8,541- miles per pint of en-
gine oil. 

*Statistics of companies are sometimes based on the engine 
mileage and sometimes on the pounds of coal burned per 100-
ton-miles, i. e., in hauling 100 tons one mile or one ton 100 miler. 

4 roc 1 
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What is your mileage per pint of lubricating 
oil (both engine and valve oil)? 3+8.11 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 ou this trip, burning 18 tons or 36,000 
pounds of coal, how much coal would you burn 
per 100-toll-miles? 1,000x218=218,000 ton miles 
or 2,180 100-ton- les. 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 10(1-ton miles, and would this increase 
or reduce your average for the month? 3 tons. 
6,000 pounds. 218 (miles)x20 (tons). 4,360 ton-
miles or only 43.6 100-ton-miles. 6,000+43.6=137.6 
pounds of coal per 100-ton-miles. It 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 ion-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  

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 he 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 tine engraving of the locomo-
tive (Plate I. ) used in Railway Equipnend, Vol I., has been 
introduced into this volume as well, in order that reference 
!hereto may be the more easily lied. This complete chart, 
paining each and every part of a locomotive, will he found ex-
tremely valuable to any one who seeks to familiarize himself 
with the intricate machinery and the names of the different 
parts of a locomotive. The reference numbers throughout this 
manual which are inclosed in brackets, refer to the number of 
the part designated by Plate I., and should be carefully studied. 



DUTIES AND RESPONSIBILITIES OF 
ENGINEERS. 

FIREMEN'S SECOND EXAMINATION. 

NOTE.—As indicated in a preceding foot note, the book on 
Railway Equipmott 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. 

(4) 
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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 inquiries 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. 
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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, I 
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? It is 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 complet9 combustion of one pound of 
coal, how large a volume of air is required with 
the forced draught of a locomotive? About 300 
cubic 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. 	47 
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Describe 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 crown-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. 

In what manner is the crown-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" crown-sheets.* 

THEEBEIE 

z 
What is the advantage of the radial stayed 

crown-sheet? It is comparatively easy to keep 
clean and cheaper to repair. 

*When crown bars aro used, the top of the fire-box is fiat and 
hence offers a considerable surface for the settling of mud and 
other incrustating matter. With the radial stayed lire-boxes the 
top of the fire-box is the are of a circle and consequently loss 
of such matter can settle thereon. E a layer of mud or other 
poor conductor of heat settles upon the crown-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 I. 

Describe 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. It collects the ashes dropped from the fire-
box and thus prevents their setting fire to 
bridges, cattle-guards and other property else-
where along the road. 

What is the so-called wagon-top boiler? It is 
a boiler which has the fire-box end made larger 
than the cylindrical 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, such as scale, mud, etc. 

What is meant by the "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. 

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 ‘`xnud-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 much. 

Why are the boiler check valves (121 and Fig. 
9A) 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-
ward 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 cylinders (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 apace between the inside and outside 
sheets of the lire-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 is induced by the steam 
entering the opposite side of the valve (47) and 
pushing against the piston in the opposite direc-
tion. Simultaneously the first steam port is 
brought into connection with the exhaust open-
ing (64), and thus the steam that has been used 
escapes into the atmosphere through the exhaust 
pipe (31 and 82) and smokestack (88). (See 
Plate I. and Fig. 6.) 

What q iantity 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-box 
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 the flues, 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 (32), 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 
valuable as a measure of safety, in the event the 
first valve should stick or otherwise become in-
operative. 

FF 8. 
'7457CCLI7 Cheat Relief gilre -- 

Why are suction or air relief valves (45) fplaced 
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. 

tug. 8 shows one style of steam chest relief valves. 
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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 flow—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 oil ? 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.t 

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

When waiting on sidings, etc., 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 that is feeding (i. e., 
being supplied to the part needing lubrication), is doing so in 
plain sight of the engineer. See appendix C. 

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 crosshead, 
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, nuiform on  
different roads. Indeed, same 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 nuts, broom, 
tallow bucket, water bucket, one gallon oil-can, one quart oil- 
can, squirt can, engine chain, cape chisels, cold chisels, clinker 
bar, clinker 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, 
nil cups, steam chest nut wrench, air-pump spanner, large in-
jector spanner. 

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 shop 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.. 

-...1Veglyelbradt firetedwogral-4.$ 4 4;3ftlans.-•••••••• 
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What precaution should be taken if work or 
repairs, such as having valves faced, brasses filed, 
etc., 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  

(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, etc. 

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 
prescribed 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 Equipment, Vol. I.; 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. 139? 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. It 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• 
once will enable the applicant to pass it without difficulty. A 
perusal of the questions and 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 comi.anion 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 for 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 forward 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 
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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 cylinder; two and four bar crossheads; section of 
indicator; side view of eccentrics, straps and reversing gear; 
end view of reversing gear; engineer's lover in connection with 
reversing gear; section showing action of steam in compound 
cylinder; front view of compound cylinder; section of starting 
valve and relief cock, compound cylinder; application of start-
ing valve and relief cock, compound cylinder; 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 
❑f 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 Rail-
ways, will be of untold advantage to students of railway mat-
ters. 

The book Railway Equipment 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- 

tained water, I should look for the stoppage in 
the hose (237) 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, etc., 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. * 

.5echor, 

Pion, 

FIG. 9' 
Cheek valve, for preventing water from running. 

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

*Brown sugar pu t into the hose and forced into the boiler will generally 
counteract the efreet of the oil. 

glass, etc. ? 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. 9e) remain open 
after the injector stops working, how would you 
proceed to close them ? I 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 could not re-fill the boiler, what would 
you do? I 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.1 

*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 front the boiler. 

friiis will generally blow the tank valve out of its seat, 
but steam should be shut off quickly to prevent bursting the 
hose (237). 



OP Till? LOCOMOTIVE ENGINEER. 	67 66 	DUTIES AND RESPONSIBILITIES 

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. 

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 
valve (195) has become disconnected from the throttle bell crank 
(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. 

and the engine should be provided with tools 
suitable for that purpose. 

What should be done if the whistle (202) or one 
of the safety valves (201) blows out? 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? 
I would shovel snow into the tank and melt it 
with the heaters.* 

270.11. 
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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 

Tlie term "heater," as usually applied to a locomotive, sig-
nifies the supplying of steam to the tank through the feed pipe 
(236) 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 suction valves 
(Fig. 8) on the steam chest must also be closed 
in some way. 

If the throttle was closed and steam still came 
out of the cylinder cocks 08) what would you 
do? I 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 (1.95) 
from a leaky dry pipe (191) ? If the water in the 
boiler is high enough to submerge the dry pipe, 
steam issuing from the cylinder 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 cracked 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 (5(1), take 
down the main rod (92) and block the cross-
head (90. 

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? I 
would put out the fire, disconnect both sides of 

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. 

If 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) ? It should be cooled off wiiii oil, the engine 
being kept moving slowly meanwhile. Water 
should not be used in cooling a piston rod. 

If a piston rod (60) should break and knock out 
the forward cylinder head (64), how would you 
disconnect? I would disconnect 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 (A) ? 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 

7'III' LOCOMOTIVE ENGINEER 
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in full backward motion, and observing if the 
steam is admitted at each end of the cylinder 
just before the crank 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 
notch of the quadrant (220) and scratch 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. 13) 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, 

What is the position of the eccentric when the 
crank pin is on the forward center? With the 
standard type of rocker arm (P), which gives in-
direct 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. 

IIYAVREef FALY(MOTIOIY 
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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 cylinders, 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, 

0 vo1 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. 

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

flow 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 crosshead? 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 skin of au engine, as in this ease, means 
the removal of the main rod or rods on one side, securing the 
crosshead (preferably at the back end of the guides (39). as shown 
in Fig.17, if it will clear the crank pin in that position) by means 
of a crosshead clamp or hardwood blocks, well secured, and set-
ting the valve in a central position so as to cover all steam ports, 
and securing it there by a valve stein clamp or by cocking 
the valve stem gland and setting the gland nut tight on one side. 
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 piston and 
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 piston packing blow (62) ? A 
valve blow is generally continuous and a cylinder 
piston packing blow intermittent. If it arises 
from cylinder 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 cylinder packing 
(62) ? The piston packing rings (62) are termed 
"cylinder 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 eccentric 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), clamp the stem (49), disconnect the 
main rod (92) and block the crosshead (96). If 

*A wasteful escape of steam through the engine exhaust 
nozzle is termed a "blow" in contradistinction to the usual 
"exhaust." 

the broken lower arm did not strike anything I 
would allow it turemain 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. 

Fig / T. 
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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, would substitute 
a side rod key, if the engine had one, and put a 
wooden key in its place. 

1-low would you disconnect in the case of a 
broken crosshead (96) ? The same as fora broken 
cylinder head. I would disconnect the engine on 
the side on which the break was located. 
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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. 

Describe 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  

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

Wheel BloelfedUp 
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of the cellar a block thick enough to bold 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 (137)? I would block up 

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 would 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. 

Fig. 18. 
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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 

g4—,D r 	 theElox 

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 are the jaws of the frame of a locomotive, be-
tween which the driving boxes (150) are held. 

What would you do under similar circum-
stances with an eight-wheel standard engine ? 
I 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. 

237; 
..Ards 

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. 



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 
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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 (148) 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 
rail, 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 (150 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. I.) the back springs are shown under-hung and the 
forward springs over-hung. 

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 Fig. 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 (140. I 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 banger 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 

---_Brolren.fiansarleeplaced by a Chcan.---.- 

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 

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 or a stand- 

Fig. 26A.  
Side View of American i3ogie (or Pony) Truck, supporting 

forward end of locomotive. 

and on 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 for a 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 cross equalizer on a mogul, block on 
top of both forward boxes and 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 between the boiler and cross equalizer; 
if it is the 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 boiler. 

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 (38) of your engine, 
what would you do? 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 
can 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  

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? I 
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 cylinders at a shorter 
point of the piston stroke. 

What is meant by working steam expansively? 
Allowing the steam that is in the cylinder (57) 
when the supply is cut off to perform the remain-
der of the stroke by its expansion, Saving of 
fuel is thus effected. 
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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 is 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. 

raphic.Dofirtilion4 of ravaDimensions— 

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 cylinder 
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. 

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 ? In order to equalize the travel 
of the valve (47). 

Does lead increase by "hooking up" the engine, 
or shortening the cut-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 booking 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.* I 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. I 
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 cute lc (when occasion requires), the 300 

degrees through which 
it passes are divided into 
eight parts; the "upper 
quarter" represents the 
crank pin when directly 
above the main axle; the 
"lower quarter" when 
directly below it; the 
"forward center" lo-
cates the crank pin on a 
straight line between the 
main axle and the eylin-
der, the "back center" 
180 degrees from there. 

FIG. 28. 	The "eights" are the up- 
per, lower, forward and back, as shown by diagram. 

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? I 
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 rods? 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 crank 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 rods 
are too long or too short, or that the follower 
bolts (i. e., bolts for holding together the parts 



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-brasses, etc. I 
would place the engine on the top quarter (see 
diagram), block the driving wheels oii 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 l 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, 
eccentrics, 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, 
etc., is termed a "pound." 

What is meant by friction? 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 cylinder 
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. 

Describe 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, w hien 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 cylinder (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 veloc-
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  

steam is admitted through valve V to the steam 
pipe it escapes through the nozzle N and the cone 
C, 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 C, where it encounters the jet of steam 

from the nozzle N, both escaping at A. But 
when the water mingles with the current of steam 
in the cone C 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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AIR 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 cylinder (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 

(too 

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 cylin-
der oil in the steam cylinder (170) as soon as the 
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 run at 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 applied through the cup on top of the air 
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 suc-
tion ports, and then a teaspoonful of engine oil. 
if 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 cylinder (170) of a pump while 
it is being started are good for the air cylinder 
(169), if it does not contain too much oil. The 
air cylinder, 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.* 

What 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? In summer 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 rules and 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. 

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 regulated 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 is more 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 1889 and the other the 
valve of 1892. 

tThe 1892 valve is variously designated in different cata. 
logues. The reason 1 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, E 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? Twenty 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 brakes. 

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  

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 it 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. 

NOTE.—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 
does not 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 934-inch pump 
where it has parts in common with the 6-inch or the 8-inch 
pump. See Appendix B, 

S vul 12 



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

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. In the case of the four-way 
cock in the old style triple valve, it also may be 
used to cut in to straight air. 

Where is the compressed air kept stored for 
use? For all 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 
describes 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  

when it stops dropping—i. 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 
brake. 

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 pounds. 

Why are there leakage grooves in cylinders? 
To prevent a slight leak from applying the 
brakes. Driver brakes 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 the 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. 

If 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. 

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 greatly 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. 

Is 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. 

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 air ahead 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 causes by leaving 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 a diaphram valve; 
excessive leakage by the governor piston or 
above it; with new governors; the spring under 
the diaphragm valve head, broken or missing. 

If 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? l 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 cylinder, 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. 

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. In the 
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 ears, 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 then releasing quickly. 

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 the 
cars are cut in (except such as are marked defec-
tive), see that all 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  

(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 holds 
—noting the piston travel 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 wheels. 
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 



116 	DUTIES AND RESPONSIBILITIES OF TILE LOCOMOTIVE ENGINEER. 	117 

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 cut 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  

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 occurs. 

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 
cars 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 necessary 
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 
brakeman, while the rear brakeman should see 
that the rear air brake car can be applied and 



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? I 
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 10 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, etc. The tree end of the "tail hose" is fastened to 
the platform hand railing, so as to he readily accessible to the 
operator from the platform of the rear car. 

released from the engine. When the engine 
is cut off, or the train cut in two at a crossing, 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 case? 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 bear 
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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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 cylinders 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 cylinders but eight inches long. 

How is the slack taken up in each ease ? 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 

*The cam driving 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 (elate 1.). 

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 vice 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 is applied 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 is a 
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 



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 
slowly, keep the train at 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 
ahead, i. 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- 

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 crossings, etc., should the first 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 
Hanger. 

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, how much 
would you reduce to obtain full power? One- 

*Some 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 cylin-
ders, and all the parts of both cylinders should 
then be examined with a torch. 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 
pet• 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  

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, or 
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. 32 shows clearly that it is the reduc-
tion of the high velocity that requires tho severest application, 
while a low speed pan easily be overcome by a light application, 
and it is then i hat wheals 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 goy- 

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 automatic 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 
features of the engine? Yes; his imperative 
duty.* 

*In closing this examination the attention of the reader is 
again respectfully 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—shou Id 
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. 

33) 
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however, expected to attain it as quickly as pos-
sible. If he is ambitious and adaptable be 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 claim 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  

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 construction, 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. 

shall, however, be only partially successful in this, but 
while there will he more or less going over ground already 
traversed, it 'wilt ha) to connection with new ideas and a Arne' 
•levolupment 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 miscalculates 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 fireinan to the position of 
engineer, it is claimed by many experts that a fireman who has 
been 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. 

a shovelful of coal off the engine each minute 
without taking steps to stop the waste." &vele 
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 
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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, 
causing 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 yard, 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 he 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 and 
fire-box. 

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 



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 zulmission of air through the fire. 
`Ms stops combustion and leaves the fire-box and 
flue sheets to gradually cool off. Opening wide 
the tire-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 pa rlially. A. hard pull, on the other 
hand, should be anticipated. 

In 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 
honked 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  

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 (139) 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 sufficient 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 
(Fatty.) 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 to is saved.* 

• While the foregoing instructions in regard to firing apply 
in the main to all classes of fuel, yet it is true they rotor par- 

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 clothing 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 situations. 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 
required 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. 

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 eccentrics 
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 also 
required to see that they are not neglected. 

When the engineer does not know in advance 
the engine lie is to run (that is, when the en-
gines are pooled or worked in common), he must, 
upon taking charge, exercise greater care than 
be would otherwise, to see that it is provided 
with necessary tools, blocking and other appli-
ances. He should also examine the work-book 
in such cases, to see what repairs were last 
reported as being necessary and what has actually 
been done. Parts that have been repaired always 
require more attention than others, because of 
the friction that intervenes in such cases. The 
inspection of the engine and tender by the en-
gineer, it is apparent, is the first thing to be done 
on taking charge. The work should be system-
atic and thorough. In those instances where the 
roundhouse force looks after the packing of the 
driving boxes, tank boxes, truck cellars, and so 
on, the engineer must still see that time work has 
been done properly. Many engineers insist on 
doing it themselves, as they feel greater confi- 
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deuce that they will get over the road promptly 
and without mishap than they would if the work 
was performed by an employe of the roundhouse. 

Among the further duties of the engineer these 
may be briefly summarized: To see that the 
water supply in the boiler is ample — this he 
does by trying the gauge cocks and noting the 
indication in the water glass; to try the gauge 
cocks frequently when on the road, using the 
water glass as an auxiliary or indicator merely; 
to look from time to time into the fire-box for 
leaks, and if the engine has an arch, to see that 
it is in place; to inspect the air pump and its 
lubricator, the guides, guide bolts, crosshead and 
piston rod packing, bearings, rods and rod bolts, 
keys and set screws, wedges and wedge bolts; to 
see in filling oil cups that the amount of oil 
required indicates that there is no stoppage of 
the feed or oil hole; to examine the wheels and 
flanges for breaks, chips or cracks, and the driv-
ing wheel centers and tires to see that they are 
not working loose; to see that the sand pipes are 
open, that the headlight is filled and trimmed 
and the reflector cleaned, that the cinder hopper 
is tight and that no leaks appear in the front end; 
to blow out the steam heating pipes in winter lest 
they be clogged with ice; to ring the bell a suffi-
cient length of time before starting to enable 
any one who may be working under or about the 
machine to escape;* to see before leaving the 

*Numerous accidents to Iife and limb have resulted from a 
neglect to observe this precaution. 

engine house that the cylinder cock is opened; to 
start the engine slowly and under no circum-
stances to slip the engine for the purpose of 
throwing the water out of the cylinders; in back-
ing the engine to the train, to see that the lubri-
cator is started and all parts of the engine work-
ing in good order; to lubricate all parts of the 
engine before starting a train; to place the 
reverse lever in starting in the " corner" and 
open the throttle slowly and carefully so as to 
avoid jerking the train or slipping the wheels; to 
be particular if the rails are slippery or the load 
requires it; to sand the track before the wheels 
begin to slip; to be careful not to " catch " the 
engine when slipping on sand, as it is a severe 
strain to the machinery, and pins and rods fre-
quently break under such circumstances; to use 
in sanding the rail only so much sand as is neces-
sary to keep the wheels from slipping, as a train 
pulls harder on a sanded rail; to see when head-
way is attained that the reverse lever is pulled 
back to prevent unnecessary waste of steam and 
undue disturbance of the fire by too strong a 
draft; in starting (and also at other times) to look 
back and exchange such signals with the rear end 
of the train as may be necessary to be assured 
that the train is intact and in proper working 
order; to use full opening of the throttle except 
where a simple engine can do the work required 
with less than one-fourth cut-off, in which 
latter event it is economical to leave the cut-off 
at one-fourth and regulate the steam by the 
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throttle;* to see that water is supplied the boilers 
in as nearly a continuous flow as possible, to see 
that the water is, so far as practicable, kept at a 
uniform height, not losing sight of the fact that 
water in the boiler at a high temperature (or 
indeed warm water in the tank) represents so 
much heat energy available when the normal 
capacity of the boiler is inadequate to supply the 
demand;$ to remember that the time to favor an 
engine by reducing or entirely stopping the sup-
ply of water to the boiler is when moving rapidly 
towards an ascent or heavy grade;t to see, when 
approaching dangerous places, drawbridges, rail-
road crossings, interlocking switches, yards, etc., 
that the train is under such control that a stop 
may be made, if necessary, before reaching the 

*To illustrate: It would not be economical to use one-half to 
two-thirds cut-off and throttle the steam pressure when the 
work could be done with one-fourth or one-third cut-off with a 
full throttle opening, while one-eighth cut-off with fullthrottle 
is less economical than one-fourth throttled, clue to increased 
cylinder condensation, where the temperature of the cylinder 
has too wide a range. 

}The capacity of water for storing heat is great, and this 
fact should be taken advantage of. When it is not, engines 
will too often be found standing; at stations or descending 
grades with light throttle, and with steam blowing off; or blow-
ing off when the water in the tank is cold, or there is but half a 
glass of water in the boiler. At such times the injector should 
be at work or the surplus heat should be used to warm the 
water in the tank. 

After speed has been reduced (even though the reverse 
lever has been dropped clown), the engine is using a less amount 
of steam and the injector may then be started. 
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danger point;* to see, in stopping, that steam is 
shut off a sufficient distance to permit slowing 
down easily; to see that the link is hooked down 
to give the valves more travel and keep the valve 
seats in better condition.f 

It is the duty of the engineer to see that the 
air brake is used with care, bearing in mind that 
it requires the nicest judgment and skill at all 
times to prevent mishap or jarring of the train. 
In the event the water in the boiler gets low 
(through failure of the pumps, or otherwise) the 
fire must be banked or drawn.t It may be neces-
sary in some instances to detach an engine and 
proceed to the nearest station for water when • 
the supply is exhausted. It can, however, some-
times be dipped from pools or streams along the 
track, or, in winter, snow may be shoveled into 
the tank and melted. Everything should be done 
in such cases that is consistent with safety to 

'The speed limit in such eases is usually placed at six miles 
an hour, or as fast as a man can walk a short distance. 

frills will also prevent the raising of the valves by com-
pression from the cylinders, and where there are no relief 
valves on the steam chest, it will partially prevent the draw-
ing of the smoke and hot gases front the front end into the cyl-
inder. With some engines, lezving very long eccentric blades, 
it is unsafe to hook the links down to the lowest point while 
running fast, as in such cases a broken eccentric strap might 
follow. 

t" Banking" a fire usually means covering it with fine coal, 
well wet down, but sometimes it is advisable to cover with 
ashes or sand, which will practically extinguish it. "Drawing" 
or dumping"" 	the fire means knocking it through the grates 
and extinguishing it eutirely. 
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keep the engine alive, but it is considered highly 
discreditable to " burn" an engine. 

If the engine is priming or foaming, the cause 
thereof must be ascertained and the necessary 
remedies applied.* 

In the care of the locomotive it must be re-
membered, among other things, that water pro-
jected from the smoke stack injures the paint on 
both the engine and cars. It looks bad moreover. 
In summer, after filling the tank with cold water, 
the heater should be applied long enough to pre-
vent the tank sweating. Failure to observe this 
simple precaution may greatly injure the paint 
on the tank. 

An important duty of the engineer is to see 
that the safety valves are regulated according to 
the steam pressure allowed the engine. Many 
companies undertake to make periodical tests of 
safety valves, gauges and air governors independ-
ently of the engineer. It should be a duty of 
the latter, however, to order a special test made 

*Priming is generally caused by keeping the boiler too full 
of water. This can, as a rule, be prevented. Foaming is due to 
foreign matter in the boiler and may be relieved by a surface 
cock, or a blow-off cock, with which most engines are supplied. 
If the water used is of poor quality, the tank may be cleansed 
by flushing at the water station. In cases of priming or foam-
ing, the true water level can only be determined by shutting off 
the engine and letting the water supply in the boiler settle. 
This should be done frequently under such circumstances. 
From an economical standpoint, the effect of working water 
Into the cylinders (aside from the liability of knocking out a 
cylinder head and cutting the valves) may be appreciated by 
remembering that a cubic inch of water (which is not expan-
sive) will make one cubic foot of steam, which is expansive. 

whenever he may have reason to believe there is 
anything defective therewith. 

At water and coaling stations, the engineer 
should utilize the time to inspect the bearings 
and running gear of the engine and tender and 
supply needed lubrication. 

It is a duty of engineers to carefully inspect 
their engines at terminals, and notify the official 
at the engine-house what work is required to fit 
them for economical and effective use. Hot bear-
ings should also be reported so that they may be 
examined at the shop, and in the event another 
person is put ill charge of the engine, that he may 
be notified of the same. 

Returns giving an account of delays, overtime, 
accidents, and for other purposes, should be made 
and transmitted to the proper officer as soon after 
arrival at the terminal station as possible. 

In order that there may be no unnecessary loss 
of time in communicating with engineers and fire-
men when off duty, their addresses should be left 
with the foremen of engine-houses, or other desig-
nated officials. 

In closing these instructions, it will be proper 
to again call attention to the necessity of wise and 
economical use of tools and supplies. Engineers 
and firemen cannot hope to make satisfactory 
records otherwise. Questions affecting the use of 
tools and supplies grow more and more important 
every year because measures for ascertaining the 
care exercised are becoming more and more effect-
ive each year. The subject is therefore, it will be 
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seen, one of supreme importance to the employe 
as well as to the employer. 

   

The foregoing account of the duties and respon-
sibi lities of engineers and firemen, while complete 
so far as it goes, is, as I have already explained, 
necessarily limited. At least two of my books 
treat almost wholly of matters with which the 
engineer must be more or less familiar in order 
to perform his work intelligently. It has been 
my particular endeavor here to group certain 
specific things that master mechanics and super-
intendents of motive power consider especially 
important to the safe and economical working 
of engines. The account. however, as already 
intimated, is incomplete, because the duties of 
engineers and firemen cannot in many things 
be treated apart from those of other train and 
station men. It was this universality of duty 
and interest running through the whole railroad 
world, that led me to take up the subject in its 
entirety in the "Science of Railways' as I have 
already explained. 

What I have written in regard to engine men, 
while applying particularly to American rail-
roads, refers in the main, it is apparent, to the 
railroads of the whole world, for the reason that 
construction, maintenance and operation are sub-
stantially the same everywhere. 
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ENGINEERS' AND FIREMEN'S MANUAL, CONTINUED—

COMPOUND LOCOMOTIVES—INTRODUCTORY. 

Nora—In regard to the merits of the compound cylinder as 
compared with the single-expansion, I do not desire nor profess 
to express any opinion. I merely wish to describe the compound 
cylinder in what follows, and, if in some places preference seems 
to be expressed, it is the claim of builders and not mine. Those 
who use locomotives must themselves be the judges of the re-
spective merits of single-expansion and compound cylinders and 
of the particular pattern they want. 

January, 1899. 	 M. M. K. 

In view of the fact that the Compound Loco-
motive is of comparatively recent introduction as 
compared with the single-expansion cylinder, its 
construction and working are less understood by 
those connected with the equipment department 
of railroads. These particulars I have, for that 
reason, thought it best to embody here in con-
nection with the "ENGINEERS' AND FIREMEN'S 
MANUAL." More and more attention is being 
given to the expansive use of steam in connection 
with the locomotive. It is claimed not to be un-
reasonable in view of the triple and the quadruple 
expansion of steam (expansion in three and four 
cylinders) in the most approved stationary and 
marine engines that it should be possible to de-
vise practical means of obtaining double expan- 

155 



sion, at least, in a locomotive. Because of the 
more or less general introduction of coin poi od 
cylinders, some account of the working of the com-
pound locomotive is becoming every day more 
and more necessary to those connected with the 
machinery and equipment of railroads. Indeed, 
practical familiarity with the working of com-
pound engines may be said to have become, in a 
measure, a necessary part of the knowledge of 
every engineer and fireman, for the reason that 
their duties may at any time, through promotion 
or otherwise, take them to roads where some 
form of compound locomotive is extensively used. 
Moreover, it is well that their attention be espe-
cially directed to the subject in order that it may 
have the consideration and scrutiny at their 
hands which its growing importance justifies and 
their practical knowledge is likely to render so 
valuable. 

It is not surprising, inasmuch as the opinions 
of engineers and firemen respecting the opera-
tion of simple engines differ so widely, that there 
should be much controversy among them in re-
gard to the operation of compound locomotives. 
Experience on the part of those operating the 
compound locomotive will tend to its better 
service and consequently greater development. 
Many prejudices against it are due to lack of ac-
quaintance with its operation. This is true of 
every new thing. Especially is it true in the 
case of compounds where a railway has few loco-
motives of this kind. The feeling is but natural, 
if we remember, as we should, that in the handling  

of their engine the reputation of the engineer 
and fireman is at stake. The opportunity af-
forded them for handling and studying any odd 
engine, compound or otherwise, is necessarily 
limited. Moreover, in the operation of such lo-
comotive, it is possible they may be impressed 
with the unhandy, because unusual, cab arrange-
ments. Naturally, they are filled with appre-
hension, lest some accident might occur and 
they be found ignorant of what should be done 
to temporarily repair the engine and bring it in. 
If a considerable number of the locomotives of a 
railroad are compounds of similar class, the men 
handling them become accustomed to their opera-
tion and this fear disappears. It is with a view 
to the practical usefulness these pages may have 
for engineers, firemen, and others interested in 
the operation of compounds, that the descrip-
tions herein are elaborated to the extent they are. 

The plan followed with each class of compound 
locomotives is, first, to give a general description 
of its operation, succeeded by a detailed descrip-
tion of its technical parts. This is done that the 
reader may, in the first instance, if he desires, 
learn of the general arrangement of each class 
without the details, and afterwards, at his leisure, 
he may apply himself to the particular class or 
classes that most interest him. Following the 
description of each class of compounds will be 
found, in catechetical form, information relating 
to its operation in case of any ordinary derange-
ment of its parts when the methods of procedure 
will differ from those in case of similar accidents 
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to simple locomotives, as outlined in the manual. 
It is said that reforms must pass through 
three stages: ridicule, argument, and adoption. 
The compound has been subjected to the first 
and second of these epochs, and it may be as-
sumed to have reached the last stage mentioned. 
Like every part of a railroad, it is still in a state of 
evolution. I know of no preference in regard to 
compounds that is proper to express here. The 
order of description has, therefore, no signifi-
cance. In the description of the various types I 
have endeavored to eliminate all matter that 
does not pertain directly to the practical appli-
cation of the principle of compounding, as de-
scriptions relating to other parts of the locomo-
tive are to be found elsewhere in "THE SCIENCE 
OF RAILWAYS." In relation to the descriptions 
of the compound, I wish to say that I am in-
debted in a marked manner to Mr. E. W. Pratt, 
whose familiarity with the construction and 
working of locomotives and the appliances of the 
latter makes him an authority of the highest or-
der in regard to all such matters. I am in-
debted to him in many other ways and it affords 
me much gratification to be able to acknowledge 
it thus conspicuously. 

CHAPTER II. 

ENGINEERS' AND FIREMEN'S MANUAL — COMPOUND 
LOCOMOTIVES — GENERAL DESCRIPTION — COM-
PARISON WITH SIMPLE LOCOMOTIVES. 

A compound locomotive is one in which the 
exhaust from one or more cylinders is passed 
into one or more other cylinders and made to do 
more work by further expansion before it is al-
lowed to escape to the atmosphere. In stationary 
and marine service the principle of compounding 
has long since passed its experimental stage and, 
following the replacement of the single-expansion 
engine by the double-expansion type, came the 
era of high boiler pressures with triple and even 
quadruple-expansion engines in marine service. 
It was long thought by many, and is still held 
by some, that, although compounding of steam 
in marine and stationary engines was a great 
economy due to the use of the condenser,* on 
locomotives where condensers were impractic-
able, the compound locomotive would not be able 
to gain sufficient advantage over the simple 
engine to warrant their general use. 

Without any attempt to pass judgment upon 
the relative value of the points put forward for 
and against compound locomotives, I will out- 

*A condenser is a chamber into which the final exhaust of an 
engine takes place and in which the steam is cooled and con-
densed, either by a jet of water or by contact with sheets or 
tubes having cold water circulation on their opposite sides. 
These two forms of condensers are termed "jet condenser" and 
"surface condenser," respectively. 
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line some of the claims made by their advocates 
and also some of the practical objections met 
with in their use, many of which objections 
have been largely overcome in the later 
designs. 

It should be remembered that the locomotive 
is not a steam engine merely, but consists of a 
boiler as well, and must also carry water and fuel 
for its own demands. 

The first advantage of the compound over the 
simple locomotive comes from its greater economy 
in fuel, resulting primarily from the saving in 
steam. There is, however, a secondary saving, pro-
duced by the less violent effect of the exhaust upon 
the fire and also the economical use of high boiler 
pressures in compound engines. 

Experiments have shown that high boiler pres-
sures, say above 180 pounds, which have been 
found very economical (especially in the space 
occupied per horse power developed) in station-
ary and marine engines, are not a source of econ-
omy with the type of single-expansion locomotives 
in use in this country, due to the extreme ranges 
of temperature within a single cylinder and the 
consequent condensation. Also, locomotive cylin-
ders and their steam ports are not well protected, 
and compounding the cylinders renders the varia-
tions of temperature in each cylinder less wide, 
and thus makes practicable the use of higher pres-
sure. With the use of steel in place of iron for 
boiler construction, and also on account of the 
excellent care and inspection given all locomo-
tive boilers, there is no material increase of first  

cost or for maintenance of high-pressure boilers. 
In simple locomotives the exhaust produces 
such a violent draft upon the fire that great 
quantities of unconsumed fuel are drawn from 
the fire-box and thrown from the stack. This is 
not alone a waste of fuel, but cinders entering 
the open car windows are a source of great an-
noyance to passengers, while, before the use of 
the compound locomotive in the service of subur-
ban railways, the noise of the exhaust had to be 
overcome by means of mufflers, which became 
vickly choked up and produced a high back-
pressure on the pistons, resulting in the loss of 
from 15 to 20 per cent. of the power. 

The throwing of sparks from the stack is not 
only a source of annoyance, but frequently re-
sults in heavy losses from damage by fire in tim-
ber and agricultural districts, and this is largely, 
if not entirely, overcome by the compound 
locomotive. 

The heating surfaces of any given boiler absorb 
heat from the fire and deliver it to the water at 
a certain rate. If the rate at which the products 
of combustion are carried away exceeds this rate 
of absorption, there will be a continual waste 
that can only be overcome by reducing the veloc-
ity of the products of combustion. In the com-
pound locomotive this is effected by the milder 
exhaust. It has been clearly demonstrated by 
experiment, that a milder exhaust and conse-
quently a slower rate of combustion produces a 
greater evaporation of water per pound of fuel. 

The milder exhaust is, of course, the result of a 



lower back-pressure and thereby permits a greater 
effective power on the piston. 

There is also found to be considerable reduction 
in cylinder condensation, owing to the relatively 
small variation of temperatures in each cylinder 
as compared with single-expansion engines. In 
any engine the walls of the cylinder, one cylinder-
head, and one side of the piston are cooled to the 
temperature of the exhaust steam during each 
stroke, and the live steam, again entering, must 
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reheat them to its own temperature, thus con-
densing and requiring additional steam to flow in 
and take its place. In the compound this total 
range of temperature is divided between the high 
and the low-pressure cylinders, and thus the vari-
ation and consequent condensation in each cylin-
der is less. 

The saving of steam results in the saving of  

both water and fuel. The economy in fuel can 
be directly reduced to dollars and cents, while 
that resulting from the saving of water is more 
indirect. In bad water districts, the reduction 
of from 15 to 20 per cent. in the amount of water 
used, necessitates less frequent washings-out of 
the boiler and must result in greater life and 
diminished repairs to boiler and flues. Moreover, 
as its carrying capacity of water limits the dis-
tance that a locomotive can run without stopping 
(or slowing up, where track-tanks are used), it is 
evident that the compound locomotive would have 
an advantage in this respect. Fig. 100, besides 
showing the most economical point of cut-off for 
simple and compound engines, as far as the use 
of water is concerned, clearly shows the relatively 
smaller amount of water used by the compound 
per indicated horse power. 

No locomotive can haul more than its adhesion 
to the rails will permit, and hence the tractive 
power of an engine is based upon whatever the 
adhesion to the rails may be. This is determined 
by practical experiment. With a fairly dry rail, 
a turning force of more than one-fifth, or 20 per 
cent., of the weight of the drivers on the rails, 
will cause the-  wheels to slip; a perfectly dry rail 
will permit of a tractive power of about. one-
fourth, or 25 per cent., of the weight on the 
drivers; a well sanded dry rail will allow one-
third, or 33h- per cent., while a bad frosty rail 
will permit less than half this last amount. 
Where all the driving wheels are connected, it 
matters not, of course, whether this force is ap- 
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plied by one or many cylinders, but, if the power 
is not uniformly distributed throughout the revo-
lution and becomes sufficiently excessive at any 
one point to cause the wheels to slip, a very 
much less power will thereafter keep them slip-
ping. It is a well known fact that adhesion, and 
consequently the tractive power of a locomotive, 
is very much reduced after the wheels begin to 
slip.* 

It is claimed for the compound, that, as the 
average cut-off is later in both cylinders than for 
simple engines, the turning power is more uni-
form throughout the revolution, and hence heavier 
trains can be hauled than with the single-expan-
sion engine. Then, too, while it would be un-
economical at other times to design a simple 
engine with cylinders sufficiently large to develop 
so high a tractive power as 33i per cent. at slow 
speeds, this can be done with compound loco-
motives of the "convertible" type without loss 
in economy under ordinary speeds of service, 
when working compound. 

A saving of oil has been one of the minor econ-
omies claimed to be incidental to the use of com-
pound locomotives. It is generally thought that 
from six to ten drops of valve oil per minute are 
required to be supplied with the steam in order 
to properly lubricate a valve and cylinder. This 

*Evoryengineer knows this and puts his knowledge into prac-
tice when on a very slippery rail by opening the throltle very 
slightly and leaving the valve in full gear, thus distributing the 
pressure more uniformly throughout the stroke than would be 
the case with a shorter cut-off. 

oil is supplied to the high-pressure cylinder only, 
and hence, in the two-cylinder class of com-
pounds, a saving has been effected in many cases. 

Comparative tests of greater or less duration 
have been made by various railways, between 
compound and simple locomotives of otherwise 
similar construction, and the results obtained by 
the different experimenters are widely at vari-
ance. In general, it may be said that the re-
ported saving in fuel with the compound is about 
ten per cent. in fast passenger and 20 per cent. 
in heavy freight service, although figures double 
the latter have frequently been given.* 

Later designs of compound locomotives, arranged 
to be worked simple at the will of the engineer, will 
temporarily pull a heavier train than a simple 
engine of otherwise like design. When it is con-
sidered that the ruling grade on a division is the 
governing factor for the maximum rating of 
through trains over the whole division, it will be 
seen that a locomotive capable of enough greater 
power to haul an additional car or two up that 
grade, produces more economical service for the 
whole division. 

Leaky valves and cylinder packing are less 
wasteful in a compound than iii a simple engine. 
Steam leaking by the valve or packing of the 
high-pressure cylinder is still worked expansively 

*Fast freight service will more nearly compare with express 
passenger service and the saving will be less than in heavy slow 
freight service, on account of the simple engine using steam 
more expansively in the former service than in the latter. This 
is more fully brought out elsewhere. 
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in the low-pressure cylinder. Then, too, the dif-
ference of pressure between the two sides of the 
valves and pistons is less than for simple engines, 
and the wear should be consequently less. 

On the other hand many serious practical ob-
jections have been raised. The large cylinders 
greatly increased the weight of the reciprocating 
parts.* This must be followed by heavier coun-
ter-balancet weights and their accompanying 
evils. $ Also larger ports and consequently larger 
valves must be provided for the large cylinders. 
Inasmuch as considerable difficulty was formerly 
experienced in obtaining admission and exhaust 
ports of sufficient size for the cylinders of 
large high-speed single-expansion engines, it is 
not remarkable that there should have been con-
siderable trouble experienced from this source in 
designing ports for the much larger cylinders of 
the compound locomotive. 

In connection with these last two points, the 
weight of reciprocating parts and the port re- 

*By the reciprocating parts is meant those parts that have a 
forward and back (or reciprocating) motion. This includes the 
pistons and piston-rods, the cross-heads and a certain part of 
the main rods. 

tTbe counter-balance is the balance weight placed in the 
wheel at a point opposite the crank pin. (See No. 240, Plate I.) 

The counter-balance weights ad at all points of the revolu-
tion, having an outward or centrifugal tendency from the center 
of the wheel that is great at high speeds, and is only counter-
acted when the engine is passing the front and back centers. At 
other points it produces an upward tendency upon the engine 
when moving up and a downward blow upon the rails when 
moving down. 

quirements, let us see for one moment what the 
requirements for high speed are. Take an engine 
with a five foot driving wheel and a twenty-four 
inch stroke, traveling at the not unusual rate of 
a mile a minute. This requires 336 revolutions 
per minute, and means that the piston starts and 
stops 672 times, and with all its stopping and 
starting travels 1344 feet per minute. At mid-
stroke the piston speed is about 35 feet per second 
or 24 miles per hour. To the average railway 
man high speeds are so common that L rail think 
of no better way to show the full meaning of 
these figures than to compare them with those of 
a falling body acted upon by gravity. A falling 
body at the end of the first second is traveling at 
the rate of 32 feet per second, or about 22 miles 
per hour, and in gaining this speed the body has 
fallen some 16 feet, through which distance the 
continued action of gravity has produced this not 
inconsiderable acceleration, while in the case of 
the piston of the locomotive in question, the still 
greater speed of 24 miles per hour must not only 
be attained by the time the piston has reached 
the middle of its stroke, or in one foot, but also 
it must be exerting great additional propelling 
power on the crank pins. The steam in front of 
this rapidly moving piston must be exhausted 
freely or there would be no effective power to 
maintain the speed. Where the reciprocating parts 
weigh nearly a thousand pounds, it will be seen 
what enormous power is required to stop and 
start them without jar or shock to the loco-
motive, and also the size of ports required to 
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freely exhaust the pressure ahead of and freely 
supply steam behind the very large pistons of 
compound locomotives. With any of the several 
types of valve gear used in locomotive practice 
to-day, it goes without saying that no compound 
can be relatively so efficient, in comparison with 
single-expansion engines, in express passenger as 
in freight service, for the reasons hereinbefore 
described. When many single-expansion loco-
motives with moderately large ports require a ve-
locity of steam through their ports of over 1,000 
feet per second, it can better be imagined than 
told what the port requirements are for the large 
low-pressure cylinder on a compound. It is gen-
erally considered that for express passenger serv-
ice the low-pressure cylinders should not be so 
large in proportion to the high-pressure cylinders 
as for freight service. 

Many of the earlier compounds in this country 
suffered in comparative tests with simple engines 
of otherwise similar design, by having cylinders 
of too small a size to do the same work as the 
simple engine. While they did their work with 
economy, they would not haul the heavy trains 
of the simple engines, and their supposed capacity 
had to be reduced, to the annoyance of those en-
gaged in the operating of trains. Since then, with 
the advent of larger cylinders and the "convert-
ible" class of compounds, the conditions have 
become altered. 

With any locomotive, when steam is shut off, 
as in running down grade, the pistons act as air 
compressors, causing thumping, rough riding, and 
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cooling of the cylinders, as well as a strong draft 
in the stack at a time when no steam and little 
draft are required, and thus produce a waste of 
fuel. The large low-pressure cylinders of the 
compound have greatly magnified this evil, and 
several builders have overcome it by the use of 
automatic valves on the low-pressure cylinder, by 
which the two sides of the low-pressure piston are 
connected whenever the locomotive is drifting. 

After closing the throttle, an engine working 
compound will make several strokes before all 
steam is finally exhausted. This delay in clear-
ing the cylinders of steam, placed compound 
locomotives to considerable disadvantage in 
switching or like service; also, in such service, 
accustomed to gauge the speed by the exhaust 
of the engine, trainmen were often deceived by 
the less frequent exhaust of the two-cylinder com-
pound. The employment of the separate high-
pressure exhaust, whereby the engine can be run 
simple at the will of the engineer, it appears, 
has overcome these objections from an operating 
standpoint. 

Many of the earlier forms of intercepting valves 
were of the poppet type and hammered badly in 
opening or closing. It will be noticed that these 
valves in the later designs are of the piston type 
and are almost invariably cushioned by dash-pots 
connected thereto, or some other equally effective 
means. 

It is also claimed that the breakage and loosen-
ing of the large low-pressure cylinders have been 
considerably done away with by the use of proper 
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reducing valves and a better attachment of cylin-
ders to the frame, the use of double front rails fur 
the latter being particularly noticeable in modern 
construction of large locomotives. 

Thus it is that improvements in design and con-
struction are continually taking place, and the 
upholders of the great principle of compounding 
will certainly witness their more extensive adapta-
tion to all classes of service. 

CHAPTER III. 

ENGINEERS' AND FIREMEN'S MANUAL—CLASSES OF 

COMPOUND LOCOMOTIVES AND THEIR GENERAL 

CONSTRUCTION. 

There are many classes of compound locomo-
tives in use. First, the strictly plain compound, 
where no live steam is admitted to the low-pres-
sure cylinder, even in starting. The Webb three-
cylinder compounds (with cylinders arranged as 
outlined in Fig. 106,) which are usually with-
out connecting rods—the two high-pressure cylin-
ders turning the rear pair of driving wheels by 

two outside cranks while 
the low-pressure cylinder 
turns the forward drivers 
by means of an inside 
crank —belong to this 
class and are used in con-
siderable numbers on the 
London & North-Western 
of England. They are not 
powerful in starting, as 
the driving wheels acted 

upon by the high-pressure cylinders must turn, 
either by slipping or moving the train, before 
steam enters the low-pressure cylinder. 

Second, automatic compounds –those using live 
steam in the low-pressure cylinder in starting 
only, automatically changing to compound with 
the first stroke, and thereafter cannot be run ex-
cept as compounds. 
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The third class can be run simple or compound 
at any time at the will of the engineer and will 
be termed convertible compounds. 

Each of these principal classes may have two, 
three, or four cylinders. The two-cylinder or "cross-
compound" always has an intermediate recepta-
cle, called a receiver,* between the high and low-

pressure cylinders, while 
the four cylinder en-
gines may or may not 
have receivers— those 
with both pistons at-
tached to the same 
crosshead generally 
have not. The three 
systems of four-cylinder 
compounds used in this 
country are the Baldwin 

rox. (Vauclain), the Brooks 
(Player), and the John-

stone. Of these, the Brooks has receivers, while 
the remaining two are of the continuous expan-
siont type and have no receivers.: 

*The receiver is for the purpose of receiving the exhaust from 
the high-pressure cylinder and holding it until the engine gets 
to the point in the revolution where it is admitted against the 
low-pressure piston. Incidentally, the receiver may act as a re-
heater, if located in the smoke-box, as is usually the practice. 

Meaning expansion without any pause or interruption as is 
the case when a receiver is interposed between the high and the 
low-pressure cyl i nd ors. 

an Europe the 1-lurgarian State Railways employ four-cylin-
der tandem compounds with one receiver into which both 
high-pressure cylinders exhaust and from which both low-pres-
sure cylinders receive their supply. 

The arrangement of cylinders is quite varied, 
as shown by the several skeleton cuts. There 
may be two cylinders, one high-pressure and one 

low-pressure, as outlined in 
Figs. 101, 102 and 103; one 
high and two low-pressure, 
as in Figs.104 and 105; two 
high-pressure and one low 
into which they both ex-
haust, as in Fig. 106; two 
high, each exhausting in-
dependently into a low-
pressure cylinder on the 
same side of the engine, 

Fi 4.lar7. 	shown in Figs. 107,108, 109 
and 110; or two high ex-

hausting into a common receiver from which 
both low-pressure cylinders draw their supply, as 
in Figs. 111 and 112. Aside from the varied ar- 
rangement of cylinders, 
many of the European 
designs employ three 
and four cranks and use 
no side rods. S o me 
French constructions, 
retaining the use of side 
rods, employ for the 
high-pressure cylinders 
two inside cranks on 
one driving axle at an 
angle with the low- 
pressure cranks on a 	T'V-104.  
second driving axle, the angle between the cranks 
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being such as to give as large a turning power as 
possible, for all portions of the revolution. 

It is, perhaps, needless to say that the wide 
variations in the service 
of American locomotives 
demand that they have a 
large starting power at all 
points of the stroke. To 
obtain this starting power, 
all the earlier designs 
used a device called an in-
tercepting valve that, if 
closed in starting, cut off 
communication between 
the receiver and the low-
pressure cylinder and at 

" RAS. the same time admitted 
live steam to the low-pressure side, but after the 
first exhaust from the 
high-pressure cylinder to 
the receiver took place, 
the pressure in the latter 
automatically shoved open 
the intercepting valve and 
simultaneously shut off 
the further supply of live 
steam to the low-pressure 
cylinder. Hence these en-
gines belong to the auto-
matic class of compounds. 

Mr. Anatole Mallet, who 
was the designer of the 
first practical compound locomotives in Europe  

in 1876, was also the first to devise a means by 
which a compound could be worked as a simple 
locomotive for any desired period at the will of 
the engineer. This was accomplished by adding 
a separate exhaust valve through which the ex-
haust from the high-pressure cylinder could escape 
to the atmosphere without accumulating in the 
receiver. This relieved all back pressure on the 
high-pressure piston and admitted of greater power 
at slow speed than was otherwise obtained.* 

Many objections were raised to placing the 
operation of the engine 
either as a simple or as a 
compound in the hands 
of the engineer, and the 
fear was freely expressed 
that the average engineer 

(9  would run the locomotive 
to its disadvantage in 
simple position more than 
enough to offset the sav-
ing when operated as a 
compound. However, one /07. 
prominent railroad officer, 

in placing the operation of the valves at the will 
of the engineer, seemed to express the now settled 
conviction of all, when he said: "To argue that an 

*It should also be stated that not only were the automatic 
compounds less powerful, at slow speeds after starting. than 
simple engines, but, except in the case of four-cylinder engines 
having one high and one low-pressure cylinder on the same side 
they were practically helpless in ease of a broken steam chest 
on either side. The use of the separate exhaust valve has greatly 
altered the conditions in these cases. 
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engineer is likely to work simple any longer than 
absolutely necessary, is about the same as saying 
that an engineer with the ordinary engine cannot 
be trusted to pull the reverse lever up as soon as 
possible." 

Later practice interposed, within or near the 
intercepting valve, a reducing valve, which is 
used to admit live steam, at a reduced pressure 
only, into the low-pressure cylinder when starting 
or when working simple. This reduced the 

abnormal shocks that were 
produced when starting 
large compounds of earlier 
design. The reducing 
valve, the intercepting 
valve, and the separate 
exhaust valve were so 
closely combined in many 
cases and so dependent, 
one upon the other, in 
their operation, that it 

_P-1(7.108. 
	became the tendency 

among railway and me-
chanical men to refer to the whole mechanism 
simply as the "intercepting valve." 

While the limit to the size of the ordinary 
locomotive may be considered to have been 
reached when the largest practical boiler that can 
be placed on a given gauge track has been attained, 
the limit to the American two-cylinder, or cross-
compound, with outside cranks will be the max-
imum width allowable for locomotives. However, 
again Mr. Mallet, the father of the present era  

of compound locomotives, has seemingly solved 
the problem by dividing the low-pressure cylinder 
into two cylinders, as shown in Fig. 105, of smaller 
size attached to the same crosshead. With such 
a construction it would appear that the boiler 
would still be the limiting feature of the size of 
the compound as well as the simple locomotive. 

The proper cylinder ratio of compounds for all 
varieties of service is still somewhat undeter-
mined. By the cylinder ratio is meant the propor-
tion between the volumes of the high and the 
low-pressure cylinders, not including the clearance 

2ri.g. 100. 

spaces. In American practice where the length 
of stroke is the same, the cylinder ratio would 
be as the areas of the two pistons, and it can 
readily be found by multiplying the diameter of 
each cylinder by itself and comparing the two 
products. For instance, to find the cylinder ra-
tio of an engine with a 20 inch high and a 30 
inch low-pressure cylinder, multiply 20x20 equals 
400; 30x30 equals 900; 400 goes in 900 two and 
one-fourth times, which is the cylinder ratio. 



CLASSES OF COMPOUND LOCOMOTIVES. 	179 178 ENGINEERS' AND FIREMEN'S MANUAL. 

The early practice in this country with two-
cylinder compounds gave a ratio of two to one 
or even less, but extended experiment has dem-

onstrated that a greater 
proportion than this is 
advisable and many 
compounds of this class 
have a low-pressure cyl-. 
inder from two and one-
half to two and three-
quarters times larger 
than their high-pressure 
cylinder. The Baldwin 
works used a ratio of 3 
to 1 in their Vauclain ;,y./Az four-cylinder com- 

pounds for both passenger and freight service for 
a number of years and consider the results emi-
nently satisfactory, while 
the builders of the Brooks 
tandem four-cylinder 
compound advise a ratio 
of between 2.8 and 3 to 1. 
However, the whole prob-
lem of cylinder ratios for 
compound locomotives is 
based upon the desirabil-
ity of dividing the work 
as equally as possible be- 	a 
tween the high and the 

247.7-111. 
low-pressure cylinders, and 
without going into details, it is apparent that no 
given ratio will keep the work equally divided 

for different service and different points of cut-off, 
nor should this equal division of power between 
the cylinders be given anything but secondary 
consideration in comparison with the total econ-
omy of the locomotive. To partially equalize the 
power of compounds, the amounts of lap and lead 
are not the same for both cylinders; one builder 
uses a separate lever in the cab for independ-
ently adjusting the travel of the low-pressure 
valve, as fully described elsewhere. 

There seems to be no general rule followed by 
builders in this country 
as to which cylinder of 
a two-cylinder com-
pound should be placed 
on the right-hand or 
engineer's side of the 
engine. Generally the 
intercepting valves are 
located on the engi-
neer's side to make their 
connections as simple as 
possible, and hence, ac- 
cording as the design 
contemplates the plac-

ing of this valve adjacent to the high or the low-
pressure cylinder, that one is placed on the right-
hand side. But even this rule is not without 
exception.* 

*It would seem as though the intercepting valve, if placed 
between the high-pressure cylinder and the receiver, would cause 
less wire-drawing of steam to the low-pressure cylinder than if 
located between the latter and the receiver. 

8 
_L,P• 
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Some compounds have cylinder casings both of 
the same size, but with the advent of the thirty-
four or thirty-five inch low-pressure cylinder it 
seemed to many advisable to place it on the 
engineer's side with the thought of its better pro-
tection from damage if within his vision, and, fur-
thermore, that the high-pressure cylinder casing 
be made no larger than necessary for reason of 
its better protection from accident. 

It is becoming the general practice on com-
pounds of any size to place combination safety and 
relief valves on the receiver and the low-pressure 
chest and cylinder heads to avoid damage in case 
of broken reducing valve or other accident that 
might produce unsafe pressure on that side. 

CHAPTER IV. 

ENGINEERS' AND FIREMEN'S MANUAL - QUESTIONS 

AND A NSWER3 ON THE OPERATION OF COM-

POUND LOCOMOTIVES IN GENERAL. 

In what respects should the instructions for 
firing compound locomotives differ from those for 
single-expansion engines, as described in the 
Manual? On account of the effect of the milder 
exhaust on the fire, the fireman should carry the 
tire as light as possible and yet keep a thin layer 
of coal in a well ignited state over the entire 
surface of the grates. 

Should the engineer observe any difference 
between the operation of a compound and a 
simple locomotive? Perhaps the most important 
thing is that the engineer must accustom himself 
to use the reverse lever for what it is intended, 
not hesitating to increase the valve travel when-
ever necessary, and converting the engine to 
"simple" only at low speeds and after the maxi-
mum power of the engine working compound is 
found insufficient. There will be no such waste 
of steam from lack of expansion (see Pig. 100) 
nor such serious injury to the fire by working the 
valves full gear as is the result with single-expan-
sion engines. Do not expect to find the best run-
ning position of the reverse lever as near the cen-
ter of the quadrant as with a simple engine. The 
engine will do better work with the lever nearer 

181 
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full gear, just how far depending, of course, on 
the varying conditions of train, grade, and speed; 
but, in general, do not cut the lever back too far. 
The engine throttle should usually be run as 
wide open as possible, but judgment must be 
used in this respect according to the existing cir-
cumstances. An engine designed for heavy 
freight service may do better under very light 
work or in passenger service, if throttled. 

In order to move and stop engines quickly 
when desired, as for engine-house or turn-table 
work, how is it advisable that compound engines 
be handled? Their valves should be kept in 
simple or starting position whenever their con-
struction will permit, in order that the engines 
may be moved with the least necessary opening 
of the throttle and that, when the throttle is 
closed, the pressure remaining in the pipes will 
the sooner escape. 

In starting, why are compounds more likely to 
slip than other engines? If they are started 
working simple, their power temporarily is con-
siderably greater than that of simple engines of 
the same weight, hence great care should be 
exercised by the engineer to avoid slipping; but 
at any rate the cylinder cocks should be left open 
as long as there is any liability of water being in 
the cylinders. 

Why is it, that, under these circumstances, com-
pound locomotives frequently slip only a part of 
a turn instead of spinning around, as many 
simple engines will do unless steam is immedi-
ately shut off? Because, while they are more 

powerful at slow piston speeds, the ports used for 
starting are generally so small that a rapid 
movement of the piston will so greatly reduce 
the effective pressure on the piston as to cause 
the slipping to cease, many times without closing 
the throttle. 

What harm results from frequent slipping for 
only a part of a revolution? This will occur each 
time at that part of the stroke where the turning 
power is the greatest and finally wear the tires 
out of round, so that the wheels will pound badly 
at high speeds, thus causing damage to the 
machinery and track besides making the engine 
ride hard. 

Wherein does the lubrication of their cylinders 
differ from that of simple engines? Oil need 
only be supplied to the high-pressure cylinder or 
cylinders, when the engine is working compound. 
Hence a four-cylinder compound would be lubri-
cated, as usual, on both sides of the engine, but 
a two-cylinder, or cross-compound, would require 
oil only in the one high-pressure cylinder when 
working in compound position. in this latter 
class, valve oil should be supplied to the low-
pressure cylinder, however, when the engine is 
starting or running simple, but immediately shut 
off as soon as the change is made to compound 
working. 

What are apt to be the injurious consequences 
of feeding oil to the low-pressure side when the 
engine is working compound? There being then 
no supply of live steam through the reducing and 
the intercepting valves, the oil would settle there 
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and gum these valves so as to cause them to 
stick and, possibly, become inoperative. 

When is it advisable to work the compound as 
a simple engine? In starting very heavy trains, 
and also on heavy grades when it is seen that 
the power as a compound with the valve in full 
gear is insufficient. 

When the engine can be run simple for any 
period at the will of the engineer, above what 
speed is it impracticable to do so? Above a 
speed exceeding six or eight miles an hour. 

What is the reason for this? Because, as out-
lined elsewhere, the special ports for use when 
the compound locomotive is working simple are 
usually purposely designed too small to permit 
of much speed. 

If special valves for use when the engine is 
drifting are not provided, what is it advisable to 
do? Work a little steam all the time in order to 
keep the large valves and pistons somewhat lub-
ricated. 

Why is it more difficult to detect leaky valves 
and cylinder packing in compound than in simple 
engines? 	In the first place it does not so 
seriously affect the good working of the engine, 
and, in the second place, because the high-pressure 
cylinder does not exhaust to the atmosphere 
where a blow could be heard, and also the 
pressure behind the low-pressure piston is very 
much lower than with a simple engine and, con-
sequently, a blow does not sound as loud. 

What general rule will apply to compound as 
well as simple locomotives where one side has to  

be disconnected in cases of accident? On the 
disabled side, always block securely at both ends 
of the crosshead and firmly secure the valve, under 
all ordinary circumstances, in the center of its 
seat? 

What is usually the cut-off in the high-pres-
sure cylinder with the reverse lever hooked up? 
Some builders cut no notches higher up in the 
quadrant than would give a cut-off at one-half 
stroke, while others notch the quadrant all the 
way up to the center. 

Why is it not necessary to have notches in the 
quadrant for shorter cut-off than one-half? A 
shorter cut-off than one-half for a compound loco-
motive is generally inadvisable for reasons anal-
agous to those hereinbefore urged against a shorter 
cut-off than one-fourth for a simple locomotive; 
also it prevents damage that might ensue from 
excessive compression. With a ratio of 2 to 1 be-
tween the sizes of the low and the high-pressure cyl-
inders, one-half cut-off gives practically four ex-
pansions, a three-fourths cut-off gives two and two-
thirds expansions; with a cylinder ratio of 3 to 
1, one-half cut-off gives about six, and three-
fourths cut-off about four expansions. Fig. 100 
clearly shows, that, while the most economical 
cut-off (as far as the amount of steam used is 
concerned) is about one-quarter of the stroke for 
single-expansion engines, it is about one-half 
stroke for compounds. Lighter work than is 
produced by full throttle and one-half cut-off in 
the high-pressure cylinder can best be obtained 
by throttling the engine. 

13 vol 12 
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In what way does the use of a separate exhaust 
valve give greater power to the two-cylinder com-
pound at slow speeds? Assuming 200 pounds 
boiler pressure and a cylinder ratio of 2& to 
1, the high-pressure exhaust reaches about 57 
pounds when the engine is working compound. 
This pressure is the receiver pressure and becomes 
the initial pressure (at slow speeds) in the low-
pressure cylinder. When working simple, the 
reducing valve permits about 80 pounds of live 
steam to pass into the low-pressure cylinder, thus 
considerably increasing the power in that cylin-
der. The high-pressure piston also exerts an 
equally increased power when working simple, 
as the back pressure of 57 pounds is removed by 
the separate exhaust valve. 

TEE BALDWIN FOUR-CYLINDER COMPOUND. 

The builders of the "Vauclain" four-cylinder 
compound locomotives claim a design productive 
of the greatest efficiency with the utmost sim-
plicity of parts and the least possible deviation 
from existing practice; that they also develop 
equal power on each side of the locomotive, 
thereby preventing the racking of the machinery 
resulting from an unequal distribution of power; 
and that, in their method of handling by the 
engineer, there is but slight departure from that 
of single-expansion or non-compound locomo-
tives. They may be started, and run for any de-
sired length of time, either simple or compound, 
at the will of the engineer, and can be changed 
from the one to the other at his discretion by the  

movement of a small lever in the cab which also 
operates the cylinder cocks. 

The principal features of construction are as 
follows: 

The cylinders consist of one high-pressure and 
one low-pressure cylinder for each side, the ratio 
of their volumes being as nearly 3 to 1 as the 
employment of convenient measurements will 
allow. They are cast in one piece with the cylin-
drical valve chamber and the saddle, the cylin- 

Fig 
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ders being placed one directly above the other 
and as close together as they can be with ade-
quate walls between them. Figs. 113 and 114 
show the proximity of the two cylinders, while 
in Fig. 115, which shows the arrangement of the 
cylinders in relation to the valve, the actual con-
struction is distorted for illustrative purposes. 

The valve used to distribute the steam to the 
cylinders is of the piston type, working in a cyl-
indrical steam chest located in the saddle of 
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the cylinder casting as close to the cylinders as 
possible and between them and the smoke-box, 
as shown in the figures. This chest, having 
steam passages cast larger than required, is 
bored out enough larger than the diameter of 
the piston valve to permit the use of a hard cast 
iron bushing. Fig. 122 shows this bushing and 
one method of forcing it into place so that steam 
tight joints will be had between all ports; it 

.firacteirbs fur-eWhiwevamporater! 
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also shows the narrow bridges across the steam 
ports which prevent the eight packing rings of 
the valve (shown in Fig, 116) from entering the 
ports. These cast iron packing rings form the 
edges of the valve. 

The valve is of the piston type—double, and 
hollow between the two inside pistons—but hav-
ing two solid ends, as shown by Fig. 116, and 
controls the admission and exhaust of both cylin-
ders. The exhaust steam from the high-pressure 

cylinder becomes the supply steam for the low-
pressure cylinder and is transmitted from one 
side of the high-pressure cylinder to the opposite 

1.16: 
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side of the low-pressure cylinder through the hol-
low portion of the valve, as indicated by arrows, 
Fig, 115. The supply steam for the high-pressure 



cylinder enters the steam chest at both ends, 
thus balancing the valve with the exception of 
the area of the valve-stein at the back end. 

The more common slide valve action being so 
much better understood by the average railroad 
man than the piston valve, I will liken this four-
piston valve to one slide valve within another 
having external admission and internal exhaust in 
both cases. Thus it will be seen that the outside 

1./6 . 

the usual rocker-arm, indirect valve motion is 
used.* When the low-pressure cylinder is put 
above (Fig. 114) on account of the double front 
rails of the frame, they also prevent the use of 
the rocker-shaft and box and the valve motion is 
then termed direct-acting, which necessitates a 
different location of the eccentrics on the axle.* 

Engineers and those employed in shops and 
round-houses for setting valves and eccentrics 
should thoroughly understand the difference be-
tween the position of the eccentrics with relation 
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edges of the two outer pistons govern admission 
and their inside edges the exhaust of high-pres-
sure cylinder, while the two inner pistons simi-
larly regulate the flow of steam to and from the 
low-pressure cylinder, all of which will be evident 
by a reference to the arrows in Fig. 115. 

Where the front rails of the frame are single 
bars, the high-pressure cylinder is usually put on 
top, as shown in Fig. 113, and in that event, with 
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to the crank-pins for direct and indirect valve 
motion, as given fully elsewhere in the Manual, 
and further brought out in the Catechism on 
Accidents to Baldwin Four-Cylinder Compounds 
hereinafter contained. 

The style of crosshead is shown in Fig. 117. 
It is made of cast steel, to insure the greatest 
strength with a minimum weight, the wearing 
surface being lined with tin. The piston, shown 

*Direct and indirect valve motion will be found fully illus-
trated and explained in the earlier chapters of the Manual. 
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in Fig. 118, is also preferably made with cast 
steel heads, the object in both cases being to re-
duce the weight of the reciprocating parts to a 
minimum. 

It is obvious, that, in starting these locomotives 
from a state of rest with heavy trains, it is neces-
sary to obtain a greater power than that exerted 
by the high-pressure piston alone, for there would 

-BaielffireAder-eythilerarinpotord. 
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be no pressure on the low-pressure piston until 
the high-pressure cylinder had made one exhaust; 
hence it is necessary to admit steam to the low-
pressure as well as the high-pressure cylinders. 
This is accomplished by the use of the starting 

valve (Fig. 119).* This is simply a plug-cock 
which is opened by the engineer by means of 
suitable levers from the cab, to admit steam from 
one end of the high-pressure cylinder to the other, 
and thence, as if it were the ordinary high-pres-
sure exhaust, into the low-pressure cylinder. This 
same valve acts as a cylinder cock for both ends 
of the high-pressure cylinder and is operated by 
the same lever that actuates the ordinary cylin-
der cocks,which are in this case on the low-pressure 
cylinder, thus making, probably, the most simple 
starting device used on any compound locomotiv e 
and one not easily deranged. The operation of 
the starting valve in conjunction with the cylin-
der cocks is clearly shown in Fig. 120. The 
starting valve should be kept closed (position N) 
as much as possible, as its indiscriminate use 
reduces the economy and makes the locomotive 
"logy."± 

Air valves, to prevent a vacuum, are placed in 
the steam passages of the high-pressure cylinder, 

*This is sometimes called the "By-Pass" valve, as it connects 
the two sides of the high-pressure piston, but for an entirely dif-
ferent purpose than that to which the by-pass valves are put in 
connection with the low-pressure cylinder as described herein-
after under theRiehmond and the Rogers compound, and for that 
reason I have not called it a "by-pass" valve, Two earlier 
forms of starting valves have been used with Vauclain com-
pounds, but, inasmuch as they have been superseded by this form 
of valve, it is not deemed necessary to illustrate and describe 
them herein. 

fAn engine which should be capable of high speed but is not, 
and in which the pressures work against themselves in the cyl-
inders, is said to be ''logy." 

..t 



sr– 
• 

f 

t11 	 
PAILt 	 
a 

194 RNGINEERSI AND PIRE.IIEN'S MANUAL. OPERATION OP COMPOUND LOCOMOTI VE,s. 195 

a practice now generally followed on all locomo-
tives, either simple or compound. Additional air 
valves, marked C and C' in Fig. 120, are placed 
in connection with the ports in the valve cham-
ber leading to the low-pressure cylinders. Air 
valves of somewhat different shape have been 
described and shown in detail heretofore in the 
Manual. 

Water relief valves W IV, Figs. 120 and 121, 
which are nothing more nor less than pop valves, 
are applied to the low-pressure cylinders and at-
tached to the front and back cylinder heads to re-
lieve excessive pressure of any kind, steam or 
water. The spring in the water relief valves on 
these engines is made to carry a pressure enough 
greater than the boiler pressure to prevent their 
discharging steam and water ordinarily in start-
ing the engine simple. 

In all other respects the locomotive is the same 
as the ordinary single expansion locomotive. 

Operation of the Bald win Four-Cylinder Corn-
pound.—When starting the locomotive, the engi-
neer should, ordinarily, pull the cylinder cock 
lever way back and thus open the cylinder cocks 
in order to relieve the cylinders of condensation, 
and, as the starting valve is opened by the same 
movement, steam is thus admitted to the low-
pressure cylinder and the locomotive started 
quickly and freely. 

In case the locomotive is at a platform of a 
crowded station, or in any other place where it is  

undesirable to open the cylinder cocks, the en-
gineer should move the starting lever in the 
opposite direction from that usually given it, 

Fi 9120. 
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placing the starting valve handle in position J, 
Figs. 119 and 120; that is, he should push forward 
the lever in the cab, thus allowing steam to pass 
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through the starting valve without opening either 
the low-pressure cylinder cocks or the drip C of 
the starting valves. By further reference to Fig. 
119, it will be seen how, when the handle is in po-
sition K, ports A, B, and drip C are all connected 
by the ports a, b, and c of the plug; but if the handle 
is in the opposite position J, ports A and B only 
are connected, as b is now at a and c is opposite 
B; in its central position N (normal position for 
compound working), it will be seen that all ports 
are closed as in the figure. 

Atier-a•fria* CoArstextr 
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After a few revolutions have been made and 
the cylinders are free from water caused by con-
densation or priming, the engineer should move 
the cylinder cock lever into the central position, N, 
causing the engine to work compound entirely. 
This should be done before the reverse lever is 
disturbed from its full gear position. 

Ordinarily, the reverse lever should not be 
"hooked up," thereby shortening the travel of  

the valve, until after the cylinder cock lever has 
been placed in its central position, but it is often 
necessary to open the cylinder cocks when at 
full speed to allow water caused by priming or 
foaming to escape from the cylinders, and in such 
cases no disadvantage is experienced, and the 
reverse lever need not be disturbed. 

The starting device is simply designed for 
use in the starting of the train and should not be 
used at any other time unless there is imminent 
danger of stalling and the lever has been previ-
ously dropped to full gear. In other respects, 

7/9.12.2. 

-27aZatro-en ./Szer - reileefer COrnpNlle 
14/4./e _Vas4e_eir,d4oNev,  Areiriode.1?-dusei, trd  

aside from these here noted, the rules governing 
the operation of compound locomotives in gen-
eral should be clearly understood by any engineer 
who is liable to be called upon to run a compound 
locomotive of this or other design. 

REPAIRS. 

The builders of the Vauclain four-cylinder 
compound claim an advantage in it over the 
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two-cylinder or " cross-compound " locomotive 
in simplicity of parts, there being no intercept-
ing valve,* and a similarity to all the parts of a 
single-expansion locomotive. Thus its repairs 
will be similar to those of simple locomotives. 
To carry out this simplicity of parts, the piston 
rods of the high and low-pressure cylinders are 
of the same diameter and designed strong enough 
to withstand the severest strains of service. 

The packing rings in the valves are easily 
replaced and the valve chest bushing cart be 
cheaply and easily renewed. In extracting old 
bushings it is best to split them between the 
ports with a narrow chisel. The new bushings 
can be pressed in by some such handy device as 
that shown in Fig. 122. 

Accidents to Baldwin Kilt r-(! yli nder ("Vauclain") 
Compounds.—For all ordinary accidents, such as 
broken main rod or pin, or a broken valve stem, 
what should be done? The same as for non-
compound or simple locomotives, as described 
fully in the earlier eha•vters of the Manual. 

With a low-pressure cylinder head knocked 
out, would it be necessary to disconnect that 
side ? Not for a short distance. 

In that event, how many exhausts would there 
be during one revolution ? There would be three 

'wile intercepting valve is the valve which prevents the live 
steam which is admitted from the boiler to the low-pressure cyl-
inder at certain times, from passing through the receiver to the 
high-pressure cylinder where it would produce back pressure oc 
the piston. 

in the stack and one through the open cylinder 
head and the latter exhaust might obstruct the 
engineer's view, if on his side, and render the 
procedure inadvisable. 

With the Vauclain Compound, at what posi-
tion of the reverse lever is work of the two 
cylinders most nearly equalized ? At a cut-off 
of about one-half the stroke in the high-pressure 
cylinder. 

When is the work most unequal and the 
strains on the crosshead consequently the great-
est ? In starting with the engine working sim-
ple, as then the high-pressure piston is nearly 
balanced by live steam on both sides and the 
low-pressure cylinder obtains approximately boiler 
pressure. 

What results would be likely should the rig-
ging of the cylinder cocks and starting valve 
become bent or disconnected ? Should one start-
ing valve fail to properly close, the exhausts 
would be of unequal intensity. If one of them 
failed to open when required in starting, the 
engine would be weak on that side as it would 
have to start compound, that is with steam for the 
first stroke in the small high-pressure cylinder 
only. 

In this latter event, when would the first 
exhaust from that side take place ? Not until 
the completion of the return stroke. 

If the cylinder cocks open and close with the 
same rigging as the by-pass valve, why would not 
the engineer know thereby that the by-pass valve 
was in position desired ? From the previous 
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description of this rigging, shown in Figs. 119 
and 120, it should be remembered that the cab 
lever pushed clear ahead opens the by-pass valve, 
but not its drip nor the cylinder cocks. 

Before altering the valve motion, what else 
should be examined if the exhausts were of un-
equal intensity ? Examine for broken packing 
rings in the piston valve or the low-pressure 
cylinder.* 

In case a valve-stem broke off inside the chest 
or the valve itself broke, would it be certain of 
discovery at once, as with an ordinary slide valve? 
Possibly it would not. Instances have been cited 
where compound locomotives of this system have 
hauled passenger trains long distances with bro-
ken valve-stems and broken valves. The two 
ends of the valve being unbalanced by the area 
of the valve-stem (see Figs. 115 and 116) accounts 
for the first possibility, while live steam from the 
induction ports acting on each end of the valve 
would explain the case of an undetected broken 
valve. 

How can it be found if the cylinder packing 
in the high-pressure cylinder is blowing? Put 
the engine on the quarter, block the wheels, and 
test as usual for leaky slide valve; then, with the 
starting valve closed (in compound position) and 
the low-pressure cylinder cocks blocked open, 

ease is cited by the builders where an engineer ran his 
locomotive two clays without any pistol' head at all in one of the 
high-pressure cylinders. and even then could not tell what was 
the matter except that the intensify of the exhausts were unequal 
and the engine did not make good time. Machinists put to work 
to locate the trouble, found it to the great surprise of the engineer, 

drop the reverse lever into full gear. Steam 
passing the high-pressure piston will appear at 
the open cylinder cock of the low-pressure cyl-
inder, but at the opposite end that would be 
expected with a simple engine. 

How can it be found if the packing in the low-
pressure cylinder is blowing ? Put the engine 
on the quarter and open the starting valve and 
cylinder cocks and look for any escape of steam 
from the low-pressure cylinder cock on the end 
that should be in exhaust, as with a simple engine. 

.6,..wt-ar "WYE Aft7T/Oir 
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With the four-cylinder type, where the large 
low-pressure cylinder is placed on top, as in Fig, 
114, and direct valve motion is employed, how 
should the eccentric rods on one side stand with 
the same side of the engine on the forward cen-
ter ? They should be crossed, as shown in skel-
eton Fig. 123. A slipped eccentric should be 
set the same as for similar valve motion on a 
simple engine, as fully described heretofore in the 
Manual under "Third Examination of Firemen." 

14 vet II 



THE BALDWIN' TWO-CYLINDER COMPOUND. 

The original Baldwin two-cylinder compound, 
built in the year 1892, was of the cross-compound 
receiver type and, after the first stroke or two, 

.412-147,,-/n 	elwrpor; a al 

or as soon as the receiver had attained a pressure 
of 100 lbs., the engine automatically changed to 
compound and could not be operated otherwise. 
It belonged, therefore, to the automatic class of 
compounds. The reducing and the starting valve 

then employed were changed materially in the 
later design of the two-cylinder compound here-
with illustrated and described. 

Their later two-cylinder compound locomo-
tives belong to the class of convertible com-
pounds, as they can be operated either simple or 
compound for any length of time by the move-
ment of a small valve in the cab, as shown by 
Fig. 128. 

Fig. 124 shows a front view, giving the gen-
eral arrangement of cylinders, steam, exhaust and 
receiver pipes in the front end, and the location 
of the intercepting and reducing valve in the 
saddle of the high-pressure cylinder. The low-
pressure cylinder derives all its pressure from the 
receiver when running compound, as is usual in 
two-cylinder compounds. 

The office of the intercepting valve is two-fold. 
It acts as an intercepting valve by opening and 
closing communication between the two cylin-
ders, and also as a separate exhaust valve, by con-
necting the low-pressure cylinder with the exhaust 
to the stack. This it does by diverting the ex-
haust from the high-pressure cylinder either into 
the atmosphere, when working single-expansion, 
or into the receiver, when working compound, 
and is operated at the will of the engineer. 

The office of the reducing valve is to admit 
live steam at a reduced pressure into the receiver 
and thence to the low-pressure cylinder, when 
the engine is working single-expansion, and also 
to close simultaneously with the changing of the 
intercepting valve to the position which causes 
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the engine to work compound, so that the receiver 
will obtain no live steam from boiler when taking 
the exhaust from high-pressure cylinder. The 
performance of the first above-mentioned func-
tion—that of reducing the pressure of live steam 
delivered to the receiver—is necessary in order 
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that the:total pressure on the large low-pressure 
piston shall not be greater than that on the high-
pressure piston, and thus the low-pressure side 
kept from jerking the train and producing unequal 
strains on the two sides of the locomotive when 
working as a simple engine. 

Operation qf the intercepting and reduction 
valves.—In Figs. 125 and 126 the intercepting 
valve is marked A and the reducing valve C. 
It will be seen that they are both cylindrical in 

...Ba•Peorrie r/ra-Cylinder ea/I/we/me 
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form, are placed in bushings having suitable ports, 
and that coil springs hold them in their normal 
positions when no pressure is acting against them 
to overcome these springs. 
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In the cab of the locomotive is placed an oper-
ating valve, shown in Figs. 127 and 128, having 
two positions, marked "SIMPLE" and "COMPOUND." 
Through this operating valve a pressure of air or 
live steam is admitted to one side of the reducing 
and the intercepting valves through two pipes 
marked DD, and, acting against the right end of 
valve A and against the left end of valve C, moves 
both from their normal positions shown in Fig. 
125 to those of Fig 126. 

The reducing valve C, when it is not closed 
permanently by live steam from the operating 
pipe D, is automatically closed when the pressure 
in the receiver I? is great enough to produce as 
much power in the large low-pressure cylinder as 
is obtained in the smaller high-pressure cylinder. 
For this purpose steam from the receiver It can 
pass through a port F, raising the poppet valve F 
(which remains open as long as the engine is not 
working compound) and bears upon the larger 
end of the reducing valve C, causing it to move to 
the right and close the live steam passage II 
(shown in Fig. 125) leading to the receiver It, 
whenever the receiver pressure becomes excessive. 
Thus it will be seen that when the engine is work-
ing simple there must be a close balance between 
the left-hand larger end of the reducing valve, 
being acted upon by receiver pressure, and the 
right-hand smaller end of the reducing valve, 
being acted upon by live steam from the main 
steam pipe S. In this way is the receiver pressure 
kept as much lower than the boiler pressure as 
the large end of the reducing valve is greater than  

the small end. This proportion is relative to the 
respective sizes of the high and the low-pressure 
cylinders and hence equal cylinder power will be 
given both sides of the engine in working simple. 
When the engine is standing, the lever of the 
small operating valve, Figs. 127 and 128, in the 
cab should be placed at position marked "SIMPLE," 
and the valves are then in position for the engine 
to work as a single-expansion locomotive, as the 

steam pressure is relieved 
through this cab valve from 
the large end of the reducing 
valve and the right-hand end 
of the intercepting valve, al-
lowing these valves to as-
sume (by the action of their 
springs)their respective posi-
itions shown in Fig. 125. The 
arrows in this figure illus-
trate clearly how the steam 
can pass from the high-pres-
sure exhaust through the 

OperacW4:44 	intercepting valve A to the 
6-1,4.04e independent exhaust B lead-

ing to the stack (see dotted lines and arrows). At 
the same time the passage of live steam to the re-
ceiver—from which the low-pressure cylinder 
receives its supply—takes place through ports II, 
as shown by other arrows. The receiver pressure 
is governed by the automatic action of the reduc-
ing valve, as previously explained. 

Thus the engine can be used as a single-expan-
sion locomotive in making up and starting trains, 
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and then, at the will of the engineer, the operat-
ing valve, Figs. 127 and 128, in the cab can be 
moved to the position marked "COMPOUND." This 
will admit live steam through the two supply 
pipes D, thence to the cylinders marked Wand 
C1, Fig. 126, changing the intercepting and the 
reducing valves quickly, and, as the ports are 
small, noiselessly, to the position shown in the 
latter figure. With the intercepting valve in this 
position it will be seen that the independent ex-
haust B is closed and steam from the high-pressure 
exhaust must follow the course of the arrows to 
the receiver, passing around the small reduc-
ing valve bushing and its valve C which is kept 
closed by the live steam from pipe D. 

At any time the engineer may desire to in-
crease the power of the engine as, for instance, 
when in danger of stalling, by moving the lever 
of the operating valve in the cab to position 
marked " SIMPLE " the engine is again changed 
at once to a single-expansion locomotive. 

Accidents to Baldwin Two-Cylinder Compounds. 
—With one side disabled, what should be done in 
order to safely run the engine in ? Disconnect 
the disabled side, as advised for simple engines, 
place the intercepting valve in position for work-
ing simple so as to open the separate exhaust 
port, and run in with one side. 

Should the small pipes DD leading to the reduc-
ing valve C and the intercepting valve piston be 
broken off, how could the engine be worked ? 
With single-expansion only, unless the back bead 
of the separate exhaust chamber W were removed  

and the piston blocked in the position shown in 
Fig. 126; then the engine would become an auto-
matic compound, that is, would start simple but 
automatically go to compound after a revolution 
or so. 

What would it be advisable to do in case of a 
broken reducing valve? Use very light throttle at 
slow speeds, or run with a reduced boiler pressure. 

Should the small valves and G be frequently 
inspected and cleaned? Yes. These valves and the 
reducing and the intercepting valves become 
gummed by the injudicious use of cylinder oil on 
the low-pressure side. 

THE SCHENECTADY COMPOUND. 

Locomotives built by the Schenectady Loco-
motive Works are oftentimes styled by the older 
railway men as " McQueen" engines, although 
the name of the builders has been as at present 
for many years. 

These builders have constructed many com-
pound locomotives, and, including the original 
valve design, have employed three styles of com-
pound mechanisms, but all engines built have 
been of the two-cylinder variety of compounds. 

Original Schenectady Type.—The original design 
by their then superintendent, Mr. A. J. Pitkin, 
consisted of an intercepting valve and a reducing 
valve. The stem of the intercepting valve was 
connected by levers to an index in the cab, which 
showed its position to the engineer. These engines 
belonged to the class of automatic compounds. 



THE INTERCEPTING VALVE. 

A5cHENEcTADy —DcsiGN OF 1892 
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In starting the engine, a small pipe from the 
boiler through a reducing valve supplied steam 
to the low-pressure cylinder at a reduced pressure. 
When the receiver had accumulated sufficient 
pressure by the exhaust into it from the high-
pressure cylinder, the intercepting valve would 
automatically be thrown to its normal position 
for working compound; then the supply of live 
steam to the low-pressure cylinder was cut off 
and the receiver pressure admitted, and thus the 
mgine worked compound. 

The following modification of this valve ar-
r'angement was afterwards made by Mr. Pitkin 
and applied to many locomotives by the Schenec-
tady Locomotive Works. 

Design of 1892.—With this construction of 
1892, the opening of the throttle admits live 
steam at the same time to both the high and 
the low-pressure cylinders, closes the intercepting 
valve and allows the engine to start with its 
full power as a simple engine. After a few 
strokes the receiver pressure automatically opens 
the intercepting valve and cuts off the passage 
of live steam to the low-pressure cylinder and 
the engine works compound. The special valves 
are located in and behind the saddle on the low-
pressure side and are operated automatically and 
beyond the will of the engineer. Fig. 129 shows 
the general appearance of that portion of the 
intercepting valve projecting back of the saddle; 
Figs. 130 and 131 show the valves and pistons 
removed from their encasing chambers. Upon 
opening the throttle, a small connection from the  

steam pipe admits live steam through suitable 
valves to an actuating piston, the movement of 
which opens a poppet valve, supplying live 
steam to the low-pressure cylinder, and also places 
the intercepting valve so as to close connection 
between the receiver and the low-pressure steam 

chest. Thus the low-pressure cylinder exhausts 
to the atmosphere and the high-pressure cylinder 
into a closed receiver. Sufficient pressure will 
accumulate in the receiver after a few strokes to 
move the small valves, thereby moving the actua-
ting piston and with it the intercepting valve, to 



_Ertel-replily 
Valve 

ArcItenecZad41Compo-anci 

such position as will close off live steam to the 
low-pressure cylinder, and instead admit the 
receiver pressure, thus working the engine com-
pound. 

For the benefit of those interested in the de-
tails of this device, a more thorough description 
of the accompanying figures follows: 

The front view, Fig. 132, shows the general 
arrangement of cylinders, steam passages, and 
the intercepting valve. Figs. 133 and 134 both  

show the same horizontal section through the 
saddles and show the intercepting valve and the 
actuating valves, Fig. 133 showing them in posi- 
tion for working compound, and Fig. 134 for 
starting. Fig. 135 gives a vertical section, better 
showing the passages between the receiver and 
the low-pressure steam chest, which passages are 
opened and closed by the double pistons GO 
which form the intercepting valve. Of the remain-
ing figures, 136 and 137 show details of the regu-
lating valve, and Fig. 138 an end view of the 
intercepting pistons GG. The arrows in Figs. 
133 and 134 indicate the direction of the steam 
in passing through the apparatus. 

Fig. 132 shows a smoke-box mounted on sad-
dles connected with the high and low-pressure 
cylinders located on opposite sides of the engine 
and having the necessary admission and exhaust 
ports. The exhaust port of the high-pressure 
cylinder is connected by a passage E (see dotted 
lines in Fig. 132 and full section of port in Figs. 
133 and 134) with the receiver at R, Fig. 132. 
The other end of the receiver connects with the 
inlet passage Ie (shown also in Fig. 135) leading 
to the low-pressure steam chest, and in this 
passage the intercepting valve GO is located and 
travels across it to open or close this passage. 

The intercepting valve and the mechanism for 
operating it are mounted on the saddle of low-
pressure cylinder, as before stated, while the live 
steam pipe IS and the high-pressure exhaust pas-
sage K are situated in the high-pressure saddle. 
The low-pressure exhaust passage B' is formed 
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by the two saddles being bolted together, see 
Figs. 133 and 134. 

The intercepting valve consists of two pistons 
GG (having several small holes g through them 
in order to balance them, see Figs. 135 and 138) 
mounted at one end of a long piston rod, which 

irtreVeeptilkirgthie ORM 
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moves to and fro in a cylinder having four open-
ings. The two large openings shown lead from 
the receiver to the low-pressure steam chest (see 
Fig. 135) and are closed by the two intercepting 
pistons GG when the engine is to be started, so 
that live steam may be admitted to the low- 

pressure cylinder without producing a back 
pressure in the high-pressure cylinder through 
the receiver. Of the two remaining openings in 
the valve cylinder, port I) leads to the low-pressure 
steam chest and port F admits steam from the 
boiler when the apparatus stands in position as 
shown in Fig. 134. 

Interne ertirwT4ilee Closed 

The back end of the intercepting piston-rod 
passes through suitable stuffing boxes to a small 
cylinder provided with a piston H, which actuates 
the intercepting valve. This cylinder has a small 
steam chest, slide valve and admission and exhaust 
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ports so similar to those of an ordinary locomo-
tive cylinder, that its operation will be made plain 
by referring to the Figs. 133 and 134, if the move 
ments of its slide valve are explained. This 

small slide valve, Fig. 131, is moved by a stem 
connecting two pistons, K and K', of unequal 
diameter in order to insure their movement in 
the proper direction at the proper time. The 
actuation of these pistons, and with them the slide 

valve, will be made clear by the figures. From 
Fig. 135 it will be seen that a small pipe 1r leads 
from the receiver connection IV to this valve 
mechanism, and from Figs. 133 and 184, that a 
pipe 8' comes from the live steam passage in the 
saddle and has a small port leading to the actu-
ating valves as well as to the poppet valve N. 
These live steam and receiver connections come 
to opposite sides of a small piston valve Al (Fig. 
137), which is called the "regulating valve" and 
travels across two ports leading to the slide valve 
beneath it, a s shown. 

!,e1. 	 _FX9,..437 
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The remainder of this mechanism consists of a 
balanced poppet valve N, which, when open, ad-
mits live steam from pipe 8' through the inter-
cepting valve to the low-pressure cylinder in 
starting. This poppet valve N has a projecting 
stem on the lower side and is opened and allowed 
to close by a rocker-arm or bell-crank L, its 
two positions being shown in Figs. 133 and 134, 
respectively. 

The operation of the apparatus is as follows: 
The normal position of the parts when the en-
gine is working compound is shown in Fig. 133, 
in which position steam for the low-pressure 

15 Toi 12 
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cylinder comes entirely from the high-pressure 
exhaust through the receiver. To start the train, 
the engine throttle is opened as usual. This per-
mits steam to pass to the high-pressure side and 
also through the pipe 8' (Figs. 133 and 136) to 
the left side of piston valve M (Fig. 137) and 
down through the adjacent port (as indicated 
by arrows) to the slide valve chamber, there act- 
ing between the two pistons K and 	(Figs. 
131,133 and 137). The right-hand piston, being 
the larger, causes a movement of the slide valve 
from its position shown in Fig.133 to that shown 
in Fig. 134, thereby uncovering the steam port 
to the left of piston II, which it forces with the in-
tercepting valve GO. to the right. In this position, 

i.q.1,38. as shown in Fig. 134, the receiver 
openings are closed by the pistons 
GO and the poppet valve N has 
been opened by the bell-crank L, 
thus admitting live steam through 
the intercepting valve cylinder and 

Alan& 	port D to the low-pressure steam 
chest, as indicated by the arrows. Hence it is 
possible to obtain the full pressure of live steam 
in the low-pressure cylinder in starting. 

After one or two revolutions the pressure in the 
receiver, passing down through the small connect-
ing port to the right of the larger piston K' (Fig. 
137) overbalances the pressures between the pis-
tons, thus moving the slide valve to the left, the 
position shown in Figs. 133 and 137. According to 
the ordinary action of a slide valve this reverses 
the pressures on the actuating piston If, forcing it  

to the left and opening the intercepting valve. 
This return movement of the actuating piston II 
detaches the bell-crank L from the poppet valve 
N and allows the latter to close before the inter-
cepting valve opens. After this the locomotive 
works compound, the passage of steam being 
through the high-pressure cylinder to the receiver 
and thence through the intercepting valve and 
low-pressure cylinder to the atmosphere, as pre-
viously described. 

A difficulty met with in many of the earlier 
forms of compound mechanism, and to which the 
reader's attention was called at the beginning of 
this chapter, namely, the accumulation of dan-
gerously high pressure in the receiver when run-
ning with the throttle closed, was overcome in 
this device by an automatic action of the piston 
valve 1<T and the differential pistons K and K' 
(Fig. 137), as follows: When the engine is using 
steam the regulating valve M is always against 
the right-hand seat, as shown, and this valve only 
comes into use when running without working 
steam, as down a long grade. In this case, if the 
intercepting valve happened to be closed, the 
action of the engine would cause air-pressure to 
accumulate in a closed receiver as there would 
then be no live steam available to cause the 
actuating device to open the intercepting valve. 
Hence it is arranged so that air-pressure in the 
receiver will force the valve 31 to the left and 
itself take the place of live steam by passing to 
the slide valve chamber and down to the right 
side of the actuating piston II, moving it to the 
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left and opening the intercepting valve, as shown 
in Fig. 133. Thus the small valve M acts as a 
safety valve, insuring the opening of the inter-
cepting valve when live steam is not being used, 
and preventing the danger of excessive receiver 
pressure or the lifting of the high-pressure slide 
valve off its seat when the engine is running with 
steam shut off. 

SCHENECTADY 1892 DESIGN, WITH SOUTHERN PACIFIC 

MODIFICATION. 

To render it possible to run the engine "simple" 
for any desired period in starting, or to obtain 
a maximum power in case a train were stall-
ing on a heavy grade, the Southern Pacific Co. 
in 1893 added to many of their Schenectady com-
pounds of the 1892 design, a separate exhaust 
valve located in the smoke-box, as shown in Figs. 
139 and 140. The reverse lever in the cab, when 
placed in either of its extreme positions, caused 
this valve to open and thereby connect the re-
ceiver directly with the main exhaust pipe, thus 
permitting the high-pressure cylinder to exhaust 
through the receiver directly to the atmosphere, 
as indicated by arrows in Fig. 139. As the re-
ceiver pressure was thus kept down it will be 
readily understood from the preceding description 
of the intercepting valve that the latter will 
remain in starting position as in Fig. 134, and 
hence the locomotive will work as a simple engine 
until such time as the engineer pulls the reverse 
lever higher• up on the quadrant and thereby 
closes the separate exhaust valve. Then the 
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intercepting valve automatically assumes the 
compound position, as in Fig. 138, for reasons 
hereinbeforo explained. 

This modification of the two-cylinder or cross-
compound is of especial note inasmuch as it was 
one of the first in this country which permitted 
the working of the locomotive as a simple engine 
for any desired length of time, at the will of the 
engineer. Its results in practical operation were 
to greatly reduce the jerking of trains in starting 
(then a very serious objection to many com-
pounds); it gave a greater maximum power at 
critical periods, and was withal so eminently satis-
factory that the reader will notice the majority 
of the builders of two-cylinder compounds in this 
country have embodied a separate exhaust valve 
in their later designs. 

SCHENECTADY COMPOUND-DESIGN OF 1896. 

The valve arrangement designed in 1896 by 
Messrs. A. J. Pitkin, Vice-President and General 
Manager, and J. E. Sague, Mechanical Engineer of 
the Schenectady Locomotive Works, and used as 
their standard construction for two-cylinder com-
pound locomotives, will be made clear by what 
follows. 

In general it may be said that this so-called 
"intercepting valve" consists of four separate 
parts, namely; (1) An intercepting valve proper, 
which allows steam to pass to the low-pressure 
cylinder from either the receiver or the boiler, 
according to its position. (2) A. reducing valve 
allowing live steam at only a reduced pressure 

to enter the low-pressure cylinder when working 
simple. (8) An independent or separate exhaust 
valve which, when open, vents the exhaust from 
the high-pressure cylinder to the atmosphere 
through the exhaust pipe and stack. (4) A small 
valve K inside of the separate exhaust valve, by 
the use of which the latter can be opened more 
easily and gradually. 

—Asa enectady 18,611e.rzyn. 
By the arrangement of these valves the engine 

can be started and run either compound or simple 
and can be changed from compound to simple, or 
the reverse, at the will of the engineer, with the 
throttle and the reverse lever in any position; the 
engineer has only to move a small three-way cock 
in the cab and the working of the engine changes 
very smoothly and without jerking the train. 
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Figs. 141 and 142 give sections of smoke arch 
and cylinder saddles and show the steam passages, 
the receiver and the location of the intercepting 
valve in the saddle of the low-pressure cylinder on 
the right-hand side of the engine. 

It will be noticed by the dotted lines behind 
the receiver pipe that there are two steam pipes as 
in a simple engine, but the one (S) leading to the 
intercepting valve on the low-pressure side is much 
smaller than usual, as it will only be required for 
use at low speeds. 

Fig. 143 shows a vertical section lengthwise 
through the low-pressure cylinder saddle and the 
intercepting valve (as if they were cut through at 
MN of Fig. 142) and shows the intercepting 
and the separate exhaust valves in the position 
taken when the engine is working simple and re-
ceiving live steam in both cylinders. Fig. 144 is 
a section through the dash-pot of Fig. 143. 

Fig. 145 gives the same section as Fig. 143, but 
shows the intercepting and the separate exhaust 
valves in the position taken when the engine is 
working compound. 

Figs. 146 and 147 show two sections crosswise 
of the intercepting valve at points indicated re-
spectively by the lines cd and ab of Fig. 145. Sec-
tion cd shows the passages G for admitting live 
steam into the low-pressure cylinder, and section 
ab shows the outlet passage U from the sep-
arate exhaust valve to the main exhaust pipe. 

The part which each portion of the valve 
arrangement performs is as follows: The sepa-
rate exhaust valve, when open, allows the steam 

to exhaust from the high-pressure cylinder 
to the atmosphere without going through the 
low-pressure cylinder, thus working the en-
gine simple; when it is closed, the high-press-
ure exhaust must pass through the low-press-
ure cylinder, thus working the engine cam- 
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pound. The intercepting valve closes the 
passage between the two cylinders when the sep-
arate exhaust valve is open, so that steam can-
not go from the high-pressure cylinder to the 
low-pressure cylinder; thus doing away with 
back pressure on the high-pressure piston when 
the engine is working simple; it also admits 
live steam direct from the dry-pipe through 
the reducing valve to the low-pressure cylinder. 
When the separate exhaust valve closes, the 
intercepting valve automatically opens the pas- 
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sage between the two cylinders and cuts off the 
supply of live steam from the dry pipe to the 
low-pressure cylinder. The reducing valve works 
only when the engine is working simple and 
throttles the steam passing through it, so that 
the pressure of steam going to the low-pressure 
cylinder is about one-half (or, less, according to 
the proportionate sizes of the two cylinders) of 
that admitted from the boiler to the high-press-
ure cylinder. 

The reducing valve is quite heavily cross-sec-
tioned, while the long, intercepting valve ap- 
pears next lighter, in order to render their out- 
lines in Figs. 143 and 145 readily distinguishable. 
Examining the two ends of the intercepting valve, 
it will be seen that the left end, exposed to the 
pressure of the atmosphere through the drip, is 
only about three-fourths as large as the right 
end (between the bridges 1? 1?, Fig, 143), exposed 
to the receiver; hence, if the receiver has little 
or no pressure, the boiler pressure on the 
shoulder of the intercepting valve automatically 
carries it to the right, as shown in Fig. 148. The 
reducing valve is automatically opened because 
of the difference in area of its two ends also. The 
movement of each of these valves is cushioned 
by dash-pots, as shown. The separate exhaust 
valve is operated by the engineer by means of a 
three-way cock in the cab. To open the sepa-
rate exhaust valve the handle of the three-way 
cock is thrown so as to admit a pressure of steam 
or air through the pipe W against the piston J. 
Pulling the handle back relieves the pressure 

against piston J and the spring shuts the valve, 
as in Fig. 145. All the engineer has to do iri 
connection with the operation of the valves is to 
pull the handle of the three-way cock in the cab 
one way or the other, according as lie wishes the 
engine to run simple or compound. The engi-
neer uses the handle under the following condi-
tions: 

To Start Simple.—Under ordinary conditions 
this is not necessary, but if the maximum power 
of the engine is needed to start a heavy train, the 
engineer pulls the handle of the three-way cock 
so as to admit pressure from the cab through 
pipe W against the piston J, Fig. 145. This will 
force piston J into the position shown in Fig. 143, 
opening the separate exhaust valve and hold-
ing it open. The engine throttle now being 
opened, live steam at boiler pressure enters the 
chamber E from the small steam pipe before 
mentioned and forces the intercepting valve to 
the right against the seat PT, as shown in Fig. 
143. The exhaust steam from the high-pressure 
cylinder now passes through the receiver and is 
exhausted through the separate exhaust valve to 
an annular chamber U connected with the main 
exhaust to the stack, as indicated by the arrow in 
Fig. 143. (See also Fig. 147.) Steam also enters 
the low-pressure cylinder from chamber E through 
the reducing valve and the annular ports G in  
the intercepting valve (See Figs. 143 and 146), 
and is exhausted in the usual way. The reducing 
valve prevents the full boiler pressure from reach-
ing the low-pressure cylinder. As will be seen from 
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in case of a break-down on the road, necessi-
tating the disconnecting of the high-pressure 
side? If but a short distance to go and a slow 
speed would suffice, clamp the high-pressure 
slide valve in center and permit the engine to 
run by the admission of live steam through 
the small pipe S' and the poppet valve N to the 
high-pressure cylinder (Figs. 133 and 134). If 
the intercepting valve is out of order, block the 
poppet valve N open, that is, up. If it were re-
quired to run at considerable speed, this small 
pipe S' would give insufficient supply, in which 
case the high-pressure slide valve should be 
blocked clear back (much farther than its ordi-
nary travel carries it), so as to uncover the 
exhaust port, thus admitting live steam direct 
to the receiver. If the steam chest is large 
enough to place the high-pressure valve as 
described, and the intercepting valve is not de-
ranged, the engine would run at full speed with 
the low-pressure side. if out of order, the inter-
cepting valve should be held open (in the position 
as shown in Fig. 133) by clamping the stem be-
tween the stuffing boxes. In all cases the throttle 
should be handled easily to prevent a too rapid 
flow of boiler pressure to the large low-pressure 
cylinder and the consequent liability of jerking 
the train or causing damage to this cylinder. 

What should be done if it becomes necessary 
to take down the low-pressure side of the engine? 
The engine could be moved a short distance with 
the cylinder cocks open or the indicator plugs re-
moved on the high-pressure side, but as most en- 

gines of this class have either a large steam chest 
or an "Allen"* ported slide valve, the valve can 
be clamped back far enough to uncover the low-
pressure exhaust port, and thus run at full speed. 
If this cannot be done, block both the low-press-
ure crosshead and valve clear back and unscrew 
the relief valves or take off the front cylinder 
head on that side to make an exhaust opening 
from the receiver. If the intercepting valve is 
out of order, it must be securely clamped open, 
as in Fig. 133, otherwise the opening between 
the receiver and the low-pressure steam chest 
would be closed. 

In this last procedure, with the exhaust other 
than through the stack, would the engine steam 
with much of a train? No; but a limited amount 
of steam could be maintained by the use of the 
blower for creating draught. 

What would be the effect of the removal of the 
slide valve on the disabled side? This would 
give a free port opening under all circumstances, 
but would generally consume too much time to 
be practicable. 

What prevents the leakage of live steam into 
the receiver when the intercepting valve is closed, 
as in Fig. 134, there being no packing rings in the 
two pistons GG? The live steam pressure acts 
from below when starting, so as to hold these 
pistons tight against ports of the receiver. Fig. 
185 illustrates this clearly, if the intercepting 

*See illustrations in Part First of the Manual, showing the 
"Allen " slide valve. 
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uncover its exhaust port and the separate ex-
haust valve left closed. 

What is done to prevent full boiler pressure 
from reaching the low-pressure cylinder in case 
the reducing valve becomes defective or broken? 
l'op or safety valves are placed on the chest and 
both heads of the low-pressure cylinder and they 
are set at about one hundred pounds, the highest 
pressure deemed advisable in so large a cylinder. 

In case of a broken intercepting valve what 
precautions should be taken? Run the engine 
compound only and do not stop the engine with 
the low-pressure side on center. 

Why must the oil dash-pot be kept filled with 
oil? The flow of oil from one side of the dash-
pot piston to the other prevents sudden move-
ments of and serious jars to the intercepting valve. 

How can the rapidity of this movement be reg-
ulated? By a greater or less opening of the valve 
P, Figs. 143 and 144, as this valve regulates the 
flow of oil from one side of the dash-pot piston to 
the other. A slight opening causes a slow move-
ment, while a wide opening makes possible a too 
rapid movement. 

What would be most liable to cause breakage 
to the intercepting valve? Allowing the oil dash-
pot to become partially or wholly empty. 

What kind of oil should be used in this dash-
pot? Only mineral oil, thinner, if anything, than 
ordinary engine oil. 

What is the purpose of the key shown in the 
dash-pot (Fig. 144)? To prevent the intercepting 
valve from turning around. 

With this compound, what pressure from the 
cab is used to operate the separate exhaust valve? 
Either air or steam. 

Why is air pressure generally considered pref-
erable? On account of the absence of moisture 
therein. As the separate exhaust valve piston J 
and its cylinder (Figs. 143 and 145) project from 
the front of the cylinder saddle and are exposed to 
currents of cold air, the use of steam therein and a 
lack of proper drainage might cause them to freeze 
in cold weather. 

What objection is there to the use of air? 
Should the air pump stop or the pressure other-
wise become exhausted, as in switching and pick-
ing up a large number of air-brake cars, there 
might be insufficient pressure to hold the valve 
open against the receiver pressure. 

How is this objection overcome when air is 
used for this purpose? Besides the air connec-
tion to the three-way cock in the cab, there is a 
steam connection; closing the one and opening 
the other, quickly furnishes an alternative press-
ure for operation. 

What would be the result if both the steam and 
the air connections were left open ? There would 
be no effect upon the engine itself, but the steam 
would fill the whole air-brake system with water 
and seriously affect the operation of the brakes. 
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THE PITTSBURG COMPOUND. 

The Pittsburg Locomotive Works have been 
one of the largest builders of two-cylinder or 
cross-compound locomotives in this country. 
Their location of the intercepting valve in the 
saddle of the high-pressure cylinder instead of 
the low-pressure cylinder is an arrangement 
which obviates the necessity of a second steam 
pipe for admitting live steam to the intercepting 
valve and low-pressure cylinder when it is de-
sired to work the engine non-compound. 

With the valve mechanism which will be 
shown and described in what follows, when the 
reverse lever is either in full forward or back-up 
gear and the throttle opened, the engine starts 
by the admission of live steam into both cylin-
ders and with an open exhaust passage from each 
cylinder to the stack. The live steam admitted 
to the low-pressure cylinder is sufficiently re-
duced in pressure by passing through a reducing 
valve to cause the engine to have the same power 
that a simple locomotive would have with two 
cylinders the size of the high-pressure cylinder. 
When the reverse lever is " hooked-up," or drawn 
toward the center, one or more notches, it me-
chanically works an operating valve and piston 
near the cab, which throws the intercepting 
valve into position for compound working. 
There is a hand lever in the cab, as shown in 
Fig. 148, which can be used to move the inter- 

23S 
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cepting valve in case of derangement of the op-
erating device, or other necessity. However, 
the engine will only start simple when the in-
tercepting valve is placed in proper position, as 
this valve does not automatically assume simple 
position of its own volition. Fig. 148 gives the 

274,. 
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general arrangement and shows the position of 
the intercepting and reducing valves in the 
saddle of the high-pressure cylinder on the right-
hand side of the engine, the lever connections be-
tween the intercepting valve and the operating 
cylinder near the cab, and the means of moving 

the operating valve by its attachment to the 
reach-rod. The operating piston can be actuated 
either by air or steam pressure, the former being 
preferable, especially in cold climates. 

Figs. 149 and 150 show on a larger scale the 
same section through the valves in the saddle. 

1/":4: /4570. 

_PelitsbuLy Compound 

Asilion of z4/ ryhen snsine 
41 over, ziLg eons/rowed. 

In Fig. 149 the intercepting and the reducing 
valves are in position for working simple, while 
in Fig. 150 they are shown in compound position. 

Port S is the passage from the steam pipe to the 
high-pressure steam chest, and port E the ex-
haust passage from the high-pressure cylinder; 
port 1? is the opening into the receiver; port B 
leads to the atmosphere through the stack, being 
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an independent exhaust for the high-pressure cyl-
inder. Port C is a branch from the main steam 
port 8, and carries live steam to the reducing valve 
G for use in the low-pressure cylinder when 
n eeded. 

When the intercepting valve is moved to the 
left in position for working simple, as shown in 
Fig. 149, steam from the high-pressure exhaust E 
passes through the intercepting valve (between 
its two piston ends) and to the atmosphere 
through the independent exhaust B. At the same 
time live steam from C opens the reducing valve 
G, as the valve is then unbalanced by its left end 
being larger than its right, and passes through the 
intercepting valve chamber D and the receiver It 
to the low-pressure cylinder. The engine is thus 
made a simple engine with live steam admission 
and independent exhausts for each cylinder, as 
indicated by the arrows in Fig. 149. 

The reducing valve G, when in use, only allows 
a portion of the full pressure to pass into the 
receiver, for, when the pressure in the intercepting 
valve chamber D (Fig. 149) becomes equal to 
about half that of the boiler, it acts against the 
larger left-hand end of the reducing valve and 
forces it closed—to the right—thereby throttling 
the steam. 

The intercepting valve moved ahead, or in com-
pound position, as in Fig. 150, holds closed the 
reducing valve G, thus shutting off the live steam 
supply to the low-pressure cylinder. At the same 
time it closes the independent exhaust opening B, 
instead opening the ports to the receiver Band con- 

netting the high-pressure exhaust E therewith 
around the stem of the intercepting valve. As the 
other end of the receiver leads to the low-pressure 
steam chest, the high-pressure exhaust thus be-
comes the supply steam for the low-pressure cyl-
inder and the engine works as a compound, the 
flow being indicated by the arrows, Fig. 150. 

From the above description it will he observed 
that the office of the intercepting valve is to convert 
the locomotive from simple to compound, or the 
reverse. The duty of the reducing valve is, when 
the engine is working single-expansion, to reduce 
the live steam from the boiler to a pressure in-
versely proportional to the ratios of the two cyl-
inders before delivering it to the receiver and low-
pressure cylinder, thus making the crosshead loads 
equal on each side of the engine. 

Accidents to Pittsburg Campo,' nds. —If the engine 
broke down and it became necessary to disconnect 
either side, could the engine be run successfully 
on one side? Yes, it would be more powerful than 
a simple engine under similar circumstances and 
could develop good speed, inasmuch as the inde-
pendent exhaust ports B (Fig. 149) are of con-
siderable size. 

With the high-pressure side disconnected, how 
should the engine be run? The intercepting 
valve should be placed in simple position (as in 
Fig. 149) by leaving the reverse lever in full 
gear. Live steam would then pass through the 
reducing valve to the low-pressure cylinder and 
exhaust in the usual way. The high-pressure 
valve should, of course, be clamped in the center, 
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1 

RICHMOND COMPOUND. 

The Richmond compound locomotive (some-
times termed the "Medlin" system, as it is built 
under those patents) is also of the two-cylinder or 
cross-compound type and belongs to the class of 

convertible compounds. The large low-pressure 
cylinder is placed on the right-hand side of the 
engine, and within its saddle, as shown in Fig. 151, 
is located the special valve mechanism by which 
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the engine starts with the admission of live steam 
to both cylinders and thereafter automatically 
changes to compound, or may be converted back to 
simple any time at the will of the engineer. With-
out any movement of valves by the engineer, the 
locomotive is an "automatic" compound, that is, 
changes to working compound after the first stroke 
or two; but the movement by him of a three-way 
cock in the cab, causes the opening of a separate 
exhaust valve (sometimes called the "emergency 
valve") for the high-pressure cylinder, and thus 
the engine can be run simple as long as he thinks it 
advisable, or, if disabled, can be brought in with 
one side like a single-expansion locomotive. 

The device called the intercepting valve really 
consists of three separate and distinct valves, as 
shown in Figs. 152 and 153. 

The intercepting valve proper is marked G and 
is a double poppet valve with its two seats of un-
equal areas, and has a stein extending back and 
connecting with the piston P of an air dash-pot. 
The intercepting valve moved, or opened, as in 
Fig. 153, connects the receiver 11 with the low-
pressure steam-chest port L, while if closed, as in 
Fig. 152, it cuts off this communication and opens 
the receiver 1? to the cavity U. 

The reducing valve is a long annular valve sur-
rounding the intercepting valve stem and closes 
by moving to the left. When open, it admits live 
steam from chamber 8 to the low-pressure steam 
chest cavity L; when closed, it cuts off this com-
munication. 

The separate exhaust or "emergency" valve E is 



an ordinary bevel-seated wing-valve with its right-
hand end in the form of a piston. Steam pressure 
from a three-way cock in the cab, if admitted 
against this piston, forces the separate exhaust 
valve open, thereby connecting the cavity U with 
the main exhaust cavity C; without pressure on 
this piston, the spring 	again seats the valve. 

_Rear' ?mend compound 
araibi• AAsilioz,v, Sttfive nrrh7e:ve Semple. 

The reducing valve is shown heavily cross-sec-
tioned, the intercepting valve is next as dark. 

The operation of the valves is as follows: Sup-
pose the engine to be at rest after running com-
pound with the valves in position as shown in 
Fig. 153. Upon opening the engine throttle, steam 
passes not only to the high-pressure side in the  

usual manner, but also through a branch steam 
pipe S (Fig. 151) to the annular cavity SS (Fig. 
153), bears against the shoulder e of the reduc-
ing valve at the seat B (Figs. 153 and 154) and 
forces the latter valve to the right, and with it the 
intercepting valve, to the position in which they 
are shown in Fig. 152. As soon as the enlarged 
end of the reducing valve passes the edge h of the 

Rick%womd Coiv.Pozzla 
Kr1.4 	 Campeac,id. 

port L (see also Fig. 154), live steam is admitted 
to L and thence to the low-pressure cylinder, as in-
dicated by the arrows. As we assumed the engi-
neer had not opened the separate exhaust valve, it 
will remain closed instead of open, as Fig. 152 shows 
it; otherwise that figure would show the valve posi-
tions at this stage. Thus, while the receiver B is in 
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communication with the cavity U, there is no 
outlet from the latter, and one or two exhausts 
from the high-pressure cylinder into the closed 
receiver I? will produce sufficient pressure to act 
against the larger left-hand face of the inter-
cepting valve and cause it to move to the left, 
shoving with it and closing the reducing valve, 
as shown in Fig. 153. Now the receiver pressure 
becomes the supply for the low-pressure cylinder 
as shown by the arrows, and the engine works 
compound thereafter. The engine will start all 
ordinary trains in this manner but if the train 

., /.5-# 

exhaust valve K by means of his cab valve. If, 
however, the engine were stalling working com-
pound (Fig. 153) and the engineer opened the 

/3-5. 
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to be started is a very heavy one, or such a train 
is threatened with stalling while ascending a 
heavy grade, the handle of the three-way cock 
in the cab should be turned to open the separate 
exhaust. valve E. This would vent the pressure 
in chamber U to the main exhaust C, as indicated 
by the arrows in Fig. 152. If the engine were 
starting, no pressure could accumulate in the re-
ceiver I? on account of this vent to the atmosphere, 
and hence all valves would remain as in Fig. 152 
and the engine would continue to work simple 
until such time as the engineer closed the separate 

separate exhaust valve E, the removal of press-
ure from chamber U would cause the intercepting 
valve to close, assisted by the live steam pressure 
on the reducing valve shoulder, and thus all valves 

AIV. 
Thiihabieo.ord tiampedral 
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would remain as in Fig. 152 until the engineer 
desired to work compound again, Then he 
would simply close the separate exhaust valve E 
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and permit the valves to automatically assume 
compound working by the accumulation of press-
ure in the receiver R. 

The annular shaped reducing valve appears so 
much like an inoperative sleeve around the in-
tercepting valve stein that the separate sketch is 
made on a larger scale in Fig. 154, in order to illus-
trate its principle the more clearly. Live steam 
from 8 bearing against the shoulder e would force 
the reducing valve from the position in the cut to 
the right until shoulder e had passed the edge le 
of the chamber I and live steam thus be admitted 
to L and the low-pressure cylinder. As soon as 
the pressure in L became sufficiently great, say 
about half that in 5, the valve would close 
partly so that only the desired proportion of the 
full boiler pressure would be admitted to the 
low-pressure cylinder. 

The injurious action of large pistons in pump-
ing air when the engines are shut off, as previously 
mentioned under "Classes of Compound Locomo-
tives and their General Construction," is prevented 
in compound engines of the Richmond type by 
the use of "by-pass" valves located in the casting 
of low-pressure cylinder, as shown in Fig. 151, 
and further shown in detail in their two positions 
by Figs. 155 and 156. They work automatically 
by the opening and closing of the engine throttle, 
their construction and operation being as follows: 
The outer ends of the two piston valves ITV are 
connected by the passages AA with the induction 
ports of the low-pressure cylinder and their inner 
ends are connected by the passages 00 with the  

steam ports. The pistons PP simply act in the 
cavities of the valves as dash-pots to prevent slam-
ming of the valves. 

Open the engine throttle, and live steam from 
the induction ports through the passages AA 
drives the valves VV toward each other against 
their seats and communication between the 
two steam ports 0 and 0 is closed, as in Fig. 156. 
With the throttle closed, the least vacuum in the 

steam chest, acting at AA, is aided by compression 
in the cylinder through ports 00, and the "by-
pass" valves move outward to the position shown 
in Fig. 155. In this position the two steam ports 
00 are connected and air passes freely from one 
side of the piston to the other—the purpose for 
which they are applied. 

The necessity for very large port openings for 
the large low-pressure cylinders was mentioned 
under the general discussion of compound loco- 
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motives and it was there stated that auxiliary 
ported valves of the "Allen" type were used to 
give a double port opening to the cylinders in the 
early part of the admission period. 

One Richmond design of slide valve employs 
this auxiliary port not only for double early ad-
mission, but also to-give a double opening in the 
early exhaust period. Fig. 157 shows the design 
and gives the dimensions. It will be noticed that 

drift ATef. 

Xer(y SageoffMact 

the "Allen," or supplementary, port is much wider 
at the seat than usual.* 

To clearly show the features of novelty in this 
valve over the ordinary slide valve, Figs. 158 and 
159 are given. The arrows in Fig. 158 indicate the 
double exhaust from the right-hand end of the 
cylinder during the early exhaust period. In Fig. 
159 the arrows indicate similarly the ordinary 

*Letters patent have been granted for this valve. 

action of an "Allen" ported valve in giving double 
admission to the same end of the cylinder during 
the early steam period. This style of slide valve 
has been in use on locomotives and given only a 
six-inch extreme travel of valve and has proven 
very successful in keeping down the back press-
ure, especially at high speeds. 

Arsit /319 

Arreft Jem•ession Period 

Accidents to Richmond Compounds.—In case of 
accident on the road requiring the engine to be 
run in with one cylinder, what should be done? 
Ordinarily, open the separate exhaust or "emerg-
ency" valve and do nothing otherwise differently 
than with a simple engine. 

In case the engine was running with the low-
pressure side only, why do you instruct to open 
the separate exhaust valve? So that there shall 
be no accumulation of pressure in the receiver 
which might occur in case of a leaky slide valve 
or balance strips leaking on the high-pressure 
side. 
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As the emergency port openings are small, what 
could be done in order to obtain considerable 
speed in case the break-down occurred in passen-
ger service? Try to block the slide valve on the 
disabled side in an extreme position so as to un-
cover the exhaust port. 

What should be done in case the reducing 
valve stuck open or became broken? Care should 
be used in starting by opening the throttle very 

24;f. Ara 
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slightly and the engine should be run as a com-
pound only. If it had to be run simple, the 
boiler pressure should be reduced about one-half. 

What might cause the reducing valve to stick? 
Feeding valve oil to the low-pressure side when 
the engine is working compound and there is 
consequently no flow of steam through this 
valve. 

What precaution would it be advisable to ob-
serve in case the intercepting valve became 
broken? The engine should be run compound  

only and it would be safer not to stop with the 
low-pressure side on center. If this latter pre-
caution were not observed, the high-pressure 
piston might have considerable back pressure 
upon it from the receiver, should the intercepting 
valve break in such a way as to permit live steam 
from the reducing valve to enter the receiver in 
starting. 

What prevents slamming of the intercepting 
valve? The air dash-pot connected thereto. 

In this class of compounds, why are the cylinder 
neads sometimes dished, or not flat, as is usually 
the case? In order to give a maximum strength 
with a minimum weight of piston, these builders 
frequently use a piston such as is shown in Fig. 
160; hence the cylinder heads conform to the 
shape of the piston. 
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ROGERS COMPOUND. 

The intercepting valve originally employed by 
the Rogers Locomotive Works for their system of 
two-cylinder compound, was placed in the smoke-
box and was controlled automatically and be-
yond the will of the engineer. In starting, by 
placing the reverse lever in either extreme posi-
tion, a separate reach-rod with suitable levers 
was made to open the reducing valve and admit 
live steam from the boiler to the low-pressure 
cylinder, and close communication between the 
latter and the receiver, so that the high-pressure 
cylinder exhausted into a closed reservoir or re-
ceiver. After one or two strokes sufficient pressure 
accumulated in the receiver to automatically 
throw the intercepting valve into position for 
working compound and the hooking up of the 
reverse lever closed the reducing valve. 

The succeeding arrangement used by these 
builders is fully described and illustrated in what 
follows. The device is for a two-cylinder or cross-
compound locomotive, and is placed in the high-
pressure saddle on the right side and connected 
to a lever in the cab having three notches, and is 
operated by the engineer at will. As long as 
this lever remains in the forward notch the en-
gine works as a single expansion locomotive; 
the back notch places the intercepting valve in 
compound position, while the middle notch 
makes an automatic compound, that is, the inter- 
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cepting valve works the engine simple for a few 
strokes and then the valves automatically assume 
the compound position. Thus this engine be-
longs to the class of convertible compounds. 

The component parts of the device are: A reg-
ulating valve (positively controlled by the cab 

.&. /6/ 

lever above mentioned), an intercepting and a re-
ducing valve (controlled either positively by the 
regulating valve or at times automatically by the 
pressure in the receiver), and a separate exhaust 
valve (controlled by the operating valve). The 
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larger area of the intercepting valve is exposed 
either to the receiver or the high-pressure exhaust 
cavity, according to the position of the valve. 
The separate exhaust valve is located in a cham-
ber U directly connected to the main exhaust 
pipe Z. (See Figs. 161 and 163.) The right-
hand end of the separate exhaust valve is in the 
form of a piston and works in a cylinder T. The 
outer ends of these two cylinders, W and T, are 
connected by small pipes C and D.with the regu-
lating valve, as shown in Figs. 162 and 163. The 
stem of the intercepting valve extends over into 
separate exhaust valve and forms a guide to 
keep both valves central, and also serves as a 
dash-pot, but allows each valve to act independ-
ently of the other. All pistons are fitted with 
packing rings, as shown, and the valve seats and 
ground joints are so indicated. 

The regulating valve receives steam from G 
through a small port X and therefore has live 
steam whenever the engine throttle is open. The 
regulating valve consists of a slide valve of the 
well-known "D" type and moves on a seat having 
two steam ports and one exhaust opening, as 
usual with a slide valve. Steam admitted through 
the right steam port and pipes DD to chamber T 
would bear against the separate exhaust valve and 
close it, as in Fig. 168. Steam through the left 
port and pipes CC to chamber W would force the 
intercepting closed, as in Fig. 162. If the engi-
neer places the regulating valve lever in the 
forward notch, as in Fig. 162, live steam entering 
the regulating valve chamber from ports G and X 
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finds the left hand port uncovered and passes 
through the small pipe CC to the cylinder W (as 
indicated by arrows), moving the intercepting 
valve to the right against its seat A and thereby 
closing communication between the high-pressure 
cylinder exhaust port and the receiver R. In 
this position live steam pressure from G passes 
through ports JJ and PP to the interior of the 
intercepting valve, automatically opening the 
reducing valve and flowing through ports QQ, 
enters the receiver .11, the other• end of which 
is connected to the low-pressure steam chest, 
as shown in Fig. 161. Thus the low-pressure 
cylinder has received live steam at a reduced 
pressure and can work independently of the high-
pressure cylinder, as its exhaust is as always to 
the stack. The intercepting valve now being 
closed, the exhaust from the high-pressure cyl-
inder (its communication to the receiver being 
thereby shut off) forces the separate exhaust valve 
off its seat, as in Fig. 162, and escapes to the stack 
and the engine works simple, or with a live 
steam admission and an exhaust to the atmos-
phere on both sides. The separate exhaust valve 
remains open, as shown in Fig. 162, because 
chamber T is connected to the atmosphere 
through pipe DD, the under side of the regulat-
ing slide valve, and pipe I!—as indicated by ar-
rows. 

If the regulating lever in the cab be moved to 
the back notch, the regulating valve takes the 
position shown in Fig. 163 and will then admit 
steam through the right-hand pipe DD, into 

18 Vol 13 
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chamber T, pushing and holding the separate ex-
haust valve against its seat B, and at the same 
time chamber IV will be in exhaust through pipes 
CC and E, as indicated by arrows. The separate 
exhaust valve being now closed, a slight pressure 
in the cavity marked "high-pressure cylinder 
exhaust" will open the intercepting valve, that is, 
move it off its seat A into the position shown in 
Fig. 163. Then the high-pressure cylinder ex-
hausts through the intercepting valve into the 
receiver and thence to the low-pressure steam 

/d41  
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chest, and the engine works compound. No live 
steam from ports GG can get to the receiver in 
this position as the ports PP are not in register 
with those at JJ. 

It will be noticed that there is an extended flange 
on the face of the intercepting valve, that enters the 
seat of the latter enough before closing and leaves 
it sufficiently late in opening, to prevent live 
steam from flowing through ports PP, QQ, and R 
to the high-pressure cylinder exhaust port when  

the intercepting valve is opening or closing. If 
the engine is standing and the regulating valve 
is moved to its central position, as shown in Fig. 
164, when the throttle is opened steam will pass 
through both pipes CC and DI) to the outer ends 
of the intercepting and the separate exhaust valves 
respectively, and they will both be instantly 
closed against their respective seats A and B, 
Figs. 162 and 163. The receiver would then be 
filled with steam through the hollow intercepting 
valve and the reducing valve, as indicated by the 
arrows in Fig. 162; but as soon as the pressure at the 
high-pressure exhaust port became about twenty 
per cent. of the pressure in the dry pipe at the 
time, the intercepting valve would be opened and 
thereafter held open by the receiver pressure act-
ing toward-the left on the large right-hand end 
of the intercepting valve; thus a slight pressure 
on the large area of this valve overbalances the 
higher pressure on the smaller left-hand end M 
in chamber W, and the engine automatically 
changes to compound after two or three strokes, 
the main ports being opened as in Fig. 163. 

If the engine had been working simple, with the 
valves as in Fig. 162, and the operating valve lever 
were placed in either the center or back notch, 
the working would automatically be changed to 
compound; if in the center notch, it would take a 
slight accumulation of pressure at the high-press-
ure exhaust port, as just explained; if in the back 
notch the intercepting valve opens with almost no 
pressure from the high-pressure exhaust port as 
then chamber W is in exhaust through pipe CC 
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and the regulating valve. Subsequently to work-
ing simple, it is best to move the regulating lever 
to its middle position (Fig. 164) for a few sec-
onds without closing the engine throttle; after 
that it can be moved to its back notch, as in Fig. 
163, and left there until it is desired to again 
start simple or go from compound to single-ex- 
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pansion in order to prevent stalling on a heavy 
grade. 

Figs. 165 and 166 show two views of the by-
pass arrangement which is placed on the low-press-
ure cylinder in the position shown in Fig. 161. 
It consists of a valve Vwhich automatically opens  

and closes the port in a hollow casting bolted to 
the cylinder and connected below the valve seat 
at K and L with the steam ports of the low-press-
ure cylinder, as illustrated in Figs. 165 and 166. 
The hole through this by-pass casting is two 
inches in diameter. In Fig. 166 the valve V is 
shown dropped down in its chamber, thus leaving 
a two-inch open communication between the 
steam ports and hence the two sides of the low-
pressure piston. A small pipe from the live steam 
port in the saddle of the high-pressure cylinder 
leads through the pipe 8 to the under side of this 
cylindrical valve I', as shown, so that when the 
engine throttle is opened the valve Vraises to the 
top of its chamber and shuts off all communica-
tion between the ports and L, remaining there 
as long as the high-pressure cylinder is receiving 
steam; but when the throttle is closed, it falls 
again by gravity and is thus an automatic valve. 

Accidents to Rogers' Compounds.—In case of 
break-down on one side of this engine, can 
it be run in with the other side? Yes. The 
reducing valve would furnish a live steam 
supply for the low-pressure cylinder, or the sep-
arate exhaust valve would give an exhaust open-
ing for the use of the high-pressure cylinder, 
according to which side was to be used; hence, in 
either case, general instructions would be to place 
the regulating valve in its extreme forward posi-
tion, as for working simple, Fig. 162. 

Under such circumstances would the engine 
be as powerful as a simple engine on one side? 
Yes, considerably more so at low speed, but the 
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smaller port openings than usual would not per-
mit of as great speed. 

As there are three notches in the cab for the 
regulating valve lever, how should this be handled 
when it is desired to change from simple to coin-
pound, or the reverse? It is not advisable to 
throw it from forward to back notch, or the oppo-
site, without pausing a second or two in the mid-
dle notch and thereby producing a more gradual 
movement and causing a cushioning of the in-
tercepting and separate exhaust valves. 

Under ordinary circumstances, in what posi-
tion is it best to keep the regulating valve? In 
the back notch, or compound position. 

How should a light train be started? With 
the regulating valve lever in the center notch. 
The engine starts thus as an automatic com-
pound. 

If the engine actually works compound in the 
center position, why is that not advisable? Be-
cause in that position the opening and closing of 
the throttle while running and the wide varia-
tions of pressure in the steam pipe and receiver 
when running, would cause more or less unneces-
sary movements of the intercepting valve. 

When running the engine with one side, in 
what position will the "by-pass" valves (Figs. 
165 and 166) be found? No matter which side 
is in use, live steam from the high-pressure 
steam pipe acts to keep them closed. 

What kind of oil should be used in the oil 
cups shown in Fig. 162? Nothing but valve oil 
and that regularly but not too often, as it has a  

tendency to gum the valves where there is not a 
constant flow of steam. 

If the high-pressure side were on the center, 
why would not the engine move with the operat-
ing lever in compound position (back notch)? 
Because then the valves would be as in Fig. 163 
and no live steam could be admitted to the low- 

pressure cylinder. This would not be the case in 
starting with the regulating lever in either of 
the other two notches. 

BROOKS TWO-CYLINDER COMPOUND. 

This design is of the two-cylinder or cross-com-
pound type, built under the Player patents, having 
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the high-pressure cylinder on the left side and a 
receiver in the smoke-box between the two cylin-
ders, as shown in Fig. 167. 

There is a combined admission, pressure-regu-
lating and intercepting valve located either on 
the receiver in the smoke-box as shown, or in the 
cylinder saddle, which valve upon opening the 
engine throttle admits live steam at a reduced 
pressure to the low-pressure cylinder; at the same 
time the intercepting valve automatically closes, 
preventing the live-steam pressure from working 
against the high-pressure piston. The reducing 
valve remains open until the pressure in the re-
ceiver, accumulating from the high-pressure ex-
haust, becomes equal to or slightly greater than 
that on the low-pressure side, when the valve 
automatically closes, thereby shutting off the ad-
mission of live steam, and the intercepting valve 
simultaneously opens the receiver to the low-
pressure steam chest, and the engine works com-
pound thereafter as long as the throttle remains 
open. 

In order to give the engineer control of the 
locomotive at all times, controlling valves are 
provided on the low pressure side. In the illus-
tration (Fig. 168) these valves, A and B, are shown 
located in the bottom of the receiver and are con-
nected to the cab by suitable levers C and D. 
They are sometimes made larger, connected 
higher up with the exhaust pipe, and arranged 
as to work automatically in combination with the 
intercepting valve, so that the engine can be run 
simple as long as desired and the exhaust take 
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place through the stack; however, its builders 
have claimed the design here shown to be "all that 
is necessary to give the engine its maximum 
power." 

The operation of the locomotive is as follows: 
When the engine throttle is opened, live steam is 
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admitted to the high-pressure steam chest through 
the steam pipe (Figs. 167 and 168) and op-
erates upon the high-pressure piston in the usual 
manner. At the same time, through the small 
steam pipe L, steam acts against the seat E of 
the reducing valve, then closed as in Fig. 170, 

causing this valve to open, passing through the 
hollow portion of the valve, automatically clos-
ing the intercepting valve against its seat F on 
the receiver, as in Fig. 169. Steam then flows 
through the passages in the intercepting valve 
and down to the low-pressure steam chest, as in- 

,Sroons Tiro-egitizeet Compound 
Compound 2=bsdion 

ereduczioeiri,14s Ceased, .fireAvreplil/ali.v open. 

dicated by the arrows. To render them readily 
distinguishable, the reducing or regulating valve 
is cross-sectioned very heavily, while the inter-
cepting valve is less dark in appearance. 

From Figs. 169 and 170, it will be seen that 
the right-hand end of the reducing valve is of 
larger area than that acted upon by live steam at 
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Should the controlling valves fail to open, 
where would you look for the cause of the trouble? 
They operate very similarly to cylinder cocks and 
their levers becoming disconnected or bent may 
cause them to either fail to open, or remain con-
tinually open, as the case may be. The remedy 
is obvious. 

BROOKS FOUR-CYLINDER TANDEM COMPOUND. 

The Brooks (Player System) of four-cylinder 
compound is of the tandem type, that is, two 
cylinders on each side, one ahead of the other, as 
shown in Fig. 109. With this system the two 
low-pressure cylinders and their saddles are placed 
similarly to ordinary single-expansion cylinders, 
with which they can always be made inter-
changeable. They are of course larger, have a 
different style of steam chest and, bolted prefer-
ably to their forward ends, as shown in Figs. 109 
and 171, are the two high-pressure cylinders 
which have steam chests communicating with 
the steam chests of the low-pressure cylinders 
with an enlargement between, all together form-
ing a receiver. There are no devices in the 
smoke-box except those usual to single-expan-
sion locomotives. 

The steam is supplied to the high-pressure 
valve chest through suitable pipes connecting 
with the usual steam pipes in the smoke-box, and 
the exhaust from the low-pressure cylinder is 
through the usual cavity in the saddle. 

As shown in Fig. 171, the low-pressure cylin-
ders are fitted with the usual balanced slide  

valves, while the valves for the high-pressure cyl-
inders are of the piston type and hollow, having 
internal admission and external exhaust edges. 
The low-pressure valve is controlled by the usual 
eccentric and rocker arms, as ordinary with simple 
engines. It is rendered advisable to have an in-
ternal admission with the high-pressure valve in 
order to lessen the cooling of the steam from the 
boiler as well as for constructive reasons. 

On account of the high-pressure valve having 
internal admission and the low-pressure valve 
having external admission (the latter being 
usual with ordinary slide valves) it is necessary 
that these valves should travel in opposite direc-
tions. This is accomplished by placing in the 
receiver (as shown in Fig. 171) an intermediate 
rocker arm A which is connected by rods to both 
valves and has arms of the desired ratio to give 
a relatively less travel to the high than to the 
low-pressure valve. These valves are so propor-
tioned that when running in nearly full gear, the 
high-pressure cut-off takes place later in the 
stroke than the low-pressure cut-off, but when the 
engine is hooked up the relative time of cut-offs 
changes. 

The pistons of both the high and the low-
pressure cylinder are fitted upon the same piston 
rod, the intermediate head between the two 
cylinders having suitable metallic packing, as 
shown in the illustration. 

On the low-pressure steam chest is fitted a re-
ducing and starting valve which is connected with 
the high-pressure steam pipe, as shown with the 
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reducing valve in closed position by Fig. 172. 
By the connection of a rod with the arm of the 
lift shaft, this reducing valve is automatically 
opened whenever the reverse lever is placed 
either in full forward or full back gear. In the 
intermediate positions of the reverse lever, this 
reducing valve is locked to its seat by a suitable 
spring, so that it is rendered inoperative and the 
engine must necessarily work compound at all 
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times and under all conditions of steam pressure 
when the reverse lever is in any other position 
than full. gear. Fig. 172 shows the range of the 
lift shaft arm for the starting valve to be either 
open or closed. This combined starting and t  re-
ducing

o 
 valve, when open, permits live steam  

enter the low-pressure cylinder at a pressure  
equivalent to the maximum pressure obtained in 
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pressure cylinder. This will enable the engineer 
to slowly handle a full train, but should not be 
so run for any distance or the high-pressure cyl-
inder will be badly cut. In the lighter service of 
passenger trains, the engine would be capable of 
greater speed by disconnecting the broken side, 
blocking the valves in the center of their seats, 
and running with one side, as would be done with 
a simple engine. 

If the intermediate rocker arm or the valve rod 
should break what should be done? Broken at 
some certain points, the engine might be treated 
as for broken high-pressure cylinder head; but 
the preferable procedure, all things considered, 
would be to disconnect on that side and be sure 
to block both valves over ports, to do which it 
may be necessary to remove front steam chest 
head and block the high-pressure valve inside. 

In disconnecting one side of these engines, 
should it be imperative to securely block the 
crosshead? It should, because of the difficulty 
of securely holding the high-pressure valve in its 
central position. 

How could it be determined if the metallic 
piston-rod packing between the two cylinders 
were blowing badly? Place the engine with one 
side on the upper quarter and the reverse lever 
in the center, block open the starting valves, and 
open the cylinder cocks and the throttle. If no 
steam escapes from either the high or low-press-
ure cylinder cocks, it has been determined that 
the valves are not leaking. Now close the 
throttle and remove blocks from reducing valve,  

put the reverse lever in about half forward gear 
and allow all steam previously admitted to the 
pipes to escape from the open cylinder cocks. 
Again open the throttle and, as steam will then 
be admitted behind the high-pressure piston only, 
a blow through the forward low-pressure cylinder 
cock would indicate that this packing was blowing. 
The same operation should be repeated for test-
ing the other side. 

Should the engine fail to develop its proper 
starting power in full gear, what might be wrong? 
Open the cylinder cocks, with the throttle open 
and the engine standing, and if steam at no con-
siderable pressure escapes from the low-pressure 
cylinder, examine the attachments connecting the 
reverse lever with the starting valves; they oper-
ate similarly to the ordinary cylinder cock ar-
rangement and may likewise become defective 
and thus fail to open the reducing valve. 



COOKE COMPOUND. 

The compound arrangement for two-cylinder 
locomotives built by the Cooke Locomotive 
Works is such that, by means of a small steam 

operating valve in the cab, the engine can be 
run either simple or compound as the engineer 
may desire, and is, therefore, a convertible com-
pound. This operating valve admits steam to 
suitable pistons which open and close the inter- 

FIG. 174. COOKE COMPOUND. 
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cepting valve and operate the reducing valve by 
a suitable lever connection. The intercepting 
valve is placed on the right-hand side of the en-
gine within the saddle of the low-pressure cyl-
inder and in the passages RE, leading from the 
receiver to the low-pressure cylinder, as shown 
in Fig. 174; it also has two connecting ports AA, 
leading into the main exhaust to the stack. By 
the movement of this valve, steam from the high-
pressure cylinder, coming through the receiver, 
can be thrown out to the atmosphere instead 
of being allowed to pass to the low-pressure cyl- 

_P-79.175. 	 2777.176. 
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Crooke Compound 
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inder for compound expansion. This movement 
makes an independent engine of the high-press-
ure side and at the same time opens a reducing 
valve D, Fig. 174, which supplies, at a reduced 
pressure, live steam from the boiler to the low-
pressure steam chest. The high-pressure cylinder 
always exhausts into the receiver, and the ex-
haust from the low-pressure cylinder is direct to 
the stack with either simple or compound 
working. 

The reader will notice a novelty in the shape 
2S6 
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of an additional low-pressure cut-off lever G, 
located in the cab, as shown in Fig. 174. This 
lever is sometimes applied to Cooke engines of 
this class and is used to increase or decrease the 
travel of the slide valve on the low-pressure side 
independently of the valve on the high-pressure 
side, in order to equalize the power developed on 
opposite sides of the engine under variable con-
ditions of steam pressure and different positions 
of the reverse lever. 

The intercepting valve is composed of two 
pistons in duplicate, as shown in Figs. 174, 177 
and 178, each part being moved by a piston F in a 
separate chamber. Figs. 175 and 176 show one-
half of the valve removed from its chamber. It 
will readily be seen from Fig. 174, that live 
steam from the engineer's valve V in the cab can 
be supplied through two small pipes H and C to 
either the outer or the inner sides, respectively, 
of these two pistons FF. Ports ER are passages  

from the receiver and ports EE lead to the low-
pressure steam chest. 

To start the engine with single expansion or 
to run it thus at any time, the engineer pulls the 
handle of his engineer's valve V in the cab to the 
back notch. This admits live steam through the 
small pipe S (Fig, 174) to outside ends of the two 
pistons FP, thereby moving them and their at-
tached intercepting valve pistons until the two 
latter come together, the position in which they 

/71 
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are shown on a larger scale in Fig. 177. In this 
position the intercepting valve has closed the 
ports EE to the low-pressure cylinder, and the 
high-pressure exhaust into the receiver can pass 
out from ports Hie, through the hollow intercept-
ing valves and escape to the atmosphere by 
exhaust ports AA leading to the main exhaust, as 
indicated by arrows. The extended and slotted stem 
of the left-hand intercepting valve piston /11( shown 
in Figs. 174 and 175) in moving to the right has 

.I1247re/vAijja 
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pulled with it the crank lever K (Fig. 174) and 
opened the reducing valve D which, by a con-
necting pipe tapped into the main steam passage 
of the high-pressure side, admits live steam to 
the low-pressure steam chest through pipe J. 

When the engineer desires to work compound, 
he pushes the handle of the engineer's valve V in 
the cab to the forward notch, thereby admitting 
steam through pipe C (Fig. 174) to the inner 
sides of the two intercepting valve pistons F.E 
and forcing them and their valves outward, as 
shown in Fig. 178. In this position the passage 
is opened from the receiver through the inter-
cepting valve ports BR and EE to the low-
pressure steam chest (See Fig. 174). The out-
ward movement of the pistons FF has shut off the 
admission of live steam to the low-pressure cyl-
inder by closing the reducing valve D, and the 
steam must now pass from the high-pressure cylin-
der through the receiver and the low-pressure cyl-
inder to the exhaust or, in other words, the engine 
works compound. 

Each stem between the operating pistons FF 
and the intercepting valve pistons has an enlarge-
ment B (Figs. 175, 177 and 178) which tits 
loosely into a chamber of the intercepting valve 
bushing and thus forms an air dash-pot, thereby 
preventing the slamming of the valves when 
their positions are changed. 

The stem of the piston F which extends back 
to operate the reducing valve D is slotted out, as 
shown in Fig. 175, so as not to engage the valve 
crank K (Fig. 174) until after the intercepting  

va]ve has closed the ports EE. Thus the live 
steam used in the low-pressure cylinder in starting 
cannot reach the high-pressure side through the 
receiver and produce a back pressure on the high-
pressure piston. 

The builders state that in case of accident to 
either side of the engine, the opposite side may 
be run for any length of time as a simple engine 
by disconnecting and blocking the injured side in 
the same manner as for single-expansion loco-
motives. 



double portion of the receiver. The object of the 
designer has been to obtain a very large heating 
surface, so as to re-evaporate some of the water 
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DICKSON COMPOUND. 

The Dickson Locomotive Works' compound is 
built under the Dean patents which cover special 
valves both for automatic and for convertible 
compounds, but, inasmuch as the practical infor-
mation is based on the mechanism for the former 
class only, the detailed description will be con-
fined to the automatic compound. 

The starting and intercepting valves are placed 
on top of the high-pressure steam chest on the 
right side of the engine. Upon opening the throt-
tle for starting, live steam is admitted to both 
cylinders, but, after a stroke or two, the inter-
cepting valve automatically opens and the engine 
works compound thereafter. 

The high-pressure exhaust port Q (Fig. 179) is in 
the balance shield of a Richardson balanced valve 
1), having its top removed, and thus the exhaust 
steam from the high-pressure cylinder passes up 
through it and the intercepting valve G to the 
receiver and low-pressure cylinder, when the in-
tercepting valve 0 is open. Beneath the seat I?, 
intercepting valve 0, is a port E1  leading to the 
chamber E. 

The receiver, as usual with cross-compounds, is 
located in the smoke-box, but its shape is out of 
the ordinary. It is made very large and, between 
its connections with the high and the low-
pressure saddles, branches into two forks, each of 
which is oval and has metal ribs lengthwise with 
the pipes. Fig. 180 shows a section through this 

292 

/77 

221c/ro'.972 Compazt72d 

condensed in the high-pressure cylinder as it 
passes with the exhaust steam through the re-
ceiver to the low-pressure side. From the re- 
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ported economy of these engines, it would seem 
that the object has been largely attained. 

Referring to Figs. 179 and 181, it will be seen 
that the intercepting valve G is fastened to the 
annular stein 11 having an enlarged top above 
the space B which is constantly filled with air 
pressure or live steam from the pipe (' when the 
engine throttle is open, and hence sleeve II will 
be found at the top of its travel, as illustrated, 
after the engine has started. 

The operation is as follows: Open the throttle 
for starting and live steam enters the high-
pressure steam chest from the induction ports 

--7,ch•• T rk CP171,1.. i•••• 
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(Fig. 179) as usual and besides has a connec-
tion to F through the top of the steam chest,as 
shown. There being no pressure in the receiver 
(to which chamber E is connected through 
the open intercepting valve G), the weight of 
N will have caused the converting valve L 
to drop down, and thus the live steam passes 
through valve L into the tube AJ. Port K ad-
mits steam to the enlarged top of the annular 
stem 11, forcing the intercepting valve G down on 
its seat R and bringing the ports D in the stem H 
opposite the ports J of the central steam tube A, 
thus admitting live steam through them to the 

receiver and low-pressure steam chest. With the 
intercepting valve G closed (down), the first 
high-pressure exhaust, acting in chamber E 
through the port E', causes piston N to lift and 
close the converting valve L (as shown in Figs. 
179 and 181), thereby shutting off the supply of 
steam from F to the central tube AJ. What 

2lialson Coi,vvarld 
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steam remains in this tube escapes through the 
relief port M and allows the intercepting valve G 
to move up (open) by live steam pressure from 
the pipe C acting in the annular cavity B, as  
hereinbefore described, assisted by the high-
pressure exhaust below G. The engine then 
works compound, as live steam is shut off from 
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the low-pressure cylinder and the exhaust from 
the high-pressure cylinder takes its place. 

The engine above described is an automatic 
compound, that is, starts with live steam in both 
cylinders but after the first stroke changes auto-
matically to compound. 

The inventor of this system, in a design not 
shown, introduces a reducing valve in the central 
tube A and adds a separate exhaust valve operated 
by live steam from a three-way cock in the cab, 
thus making a compound of the convertible class, 
but at the same time he does not advise convert-
ible construction in compounds. 

Accidents to Dickson Compounds.—What should 
be done in order to run the engine in with the 
low-pressure side only? Nothing different from 
a simple engine, but the boiler pressure carried 
should be reduced about one-half or else the 
engine throttle opened very slightly. 

How could the engine run with the high-press-
ure side only? There being no means .of exhaust 
except into the receiver, the low-pressure valve 
would have to be placed so as to uncover the 
exhaust port or, if that were found to be impos-
sible, the valve entirely removed. 

RHODE ISLAND COMPOUND. 

The type of compound locomotive built by the 
Rhode Island Locomotive Works is sometimes 
known as the "Batchellor" system, that being 
the name of the inventor of the device. 

In the saddle of the low-pressure cylinder on 
the left side of the locomotive is located an inter-
cepting and a reducing valve and in the smoke-
box a separate high-pressure exhaust valve. 
When the throttle is opened, the engine starts 
with live steam in both cylinders. With the 
separate exhaust valve closed the engine auto-
matically changes to compound in the course of 
a complete revolution; with it open, the engine 
continues to work as a simple engine as long as 
desired. This separate exhaust valve is operated 
at the will of the engineer by means of a three-
way cock in the cab; and thus the engine belongs 
to the class of convertible compounds. 

Fig. 182 shows a vertical section lengthwise 
through the intercepting valve, with the latter in 
the position when the engine is either starting 
or being run as a single-expansion locomotive. 
Fig. 183 shows the same section with the inter-
cepting valve in compound position. R is the 
receiver port; S is a connection from the main 
steam pipe; L is a port leading to the low-press-
ure steam chest, and B is a reducing valve. The 
intercepting valve is composed of the four pistons, 
1, 2, 3 and 4, of which the last works in an oil 
dash-pot C. 

20 vol 17d 	 297 



iii 

ism\ 	 1‘  11MS 
11E111111 I \unwr Ze J9.0- 

Ilea& 

VIONAK\NNANIN% 'MINX 

If the engine had stopped after running com-
pound with the valve, as in Fig. 183, and the en-
gine throttle were then opened, live steam from 
the pipe 8 would force the intercepting valve 
into simple position as shown in Fig. 182, because 
piston 2 is larger than piston 1. In this latter 
position small port D is open and steam from S 
passes through it and the reducing valve 13 to 
the low-pressure side. Piston 3 has now closed the 
communication with the receiver R in which one 

Hier. 18Z. 
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or two exhausts from the high-pressure cylinder 
soon produces sufficient pressure to react on this 
piston 3, bearing the intercepting valve to the 
left against the differential pressures on pistons 
1 and 2 acting in the opposite direction, and the 
valve is shifted to compound position, as in Fig. 
183, in which position no more live steam can 
pass through port D to the low-pressure side, and 

the receiver R is connected through port L with 
the low-pressure steam chest, for which it forms 
the supply thereafter, as indicated by the arrows. 

The port leading from the live steam supply 8 
into the intercepting valve, is larger than it 
appears from the illustrations, as it extends partly 
around the circumference of the valve. 

The separate exhaust valve shown in Figs. 184 
and 185 is placed on the receiver in the smoke- 

.F74.. 183. 
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box and, and, when opened by pressure through pipe 
P leading from a three-way cock located in the 
cab and under the control of the engineer, con-
y ec,ts the receiver with the main exhaust pipe. 
The opening of this valve will thus permit the 
high-pressure exhaust to escape and there will 
be no accumulation of pressure in the receiver. 
Hence, from the previous explanation, it will he 
seen that the intercepting valve remains in sim- 
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ple position (Fig. 182) until such time as the 
engineer closes the separate exhaust valve, when 
a stroke of the engine automatically changes the 
mechanism to compound position, as before de-
scribed when starting. 

The operation of the separate exhaust valve, 
shown in Figs. 184 and 185, is very simple. Press-
ure admitted from the cab through pipe P, 
moves the valve V from its closed position (Fig. 
185) to the right and vents the receiver pressure 
direct to the exhaust pipe, as indicated by the 

Owe -1?SwineWntiv..415,1e. edrektel ry flne Compound. 
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arrows, Fig. 184. Withdrawing the pressure 
from the pipe I', allows the receiver pressure to 
automatically move and hold closed the valve V, 
as in Fig. 185. 

Accidents to Rhode Island Compound.—If it be-
came necessary to disconnect either side, how 
should the engine be run? Disconnect properly, 
observing the same precautions advised for sim-
ple engines, then open the separate exhaust  

valve so that no pressure can accumulate in the 
receiver.* 

What would you do with a broken intercept-
ing or reducing valve? Open the separate ex-
haust valve and run with very light throttle, or, 
preferably, carry a reduced boiler pressure. 

Would the working of the engine be affected 
if the separate exhaust valve V were broken? 
Probably not; but, if it left an opening between 
the receiver and the exhaust, the engine would 
run as a simple locomotive only. 

*As remarked elsewhere in relation to designs having a sep-
arate exhaust valve, if it were the high-pressure side that was 
disconnected, it would not he necessary to open the separate ex-
haust valve unless there was some leakage of steam into the 
receiver. 
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APPENDIX A. 

AIR BRAKE TESTS. 

The following tests made by the general man-
ager of a large railroad in the south, clearly 
demonstrate that the air brake used alone is 
better than the brakes with the reverse lever, or 
than the reverse lever• alone. 

The table of these tests here produced is taken 
from the published reports of the Air 3ra/ e-
men's Association Proceedings for• 1895: 

Conditions of the test were as follows: 
Driving brake power, seventy per cent; tender, 

one hundred per cent; N. C. & St. L. coaches, 
ninety per cent; Pullman Sleeper, forty to one 
hundred and one per cent. 

Boyer speed recorder was used and tests were 
made: first, brakes applied; second, engine re-
versed; third, sand lever opened. Track was 
level, in best possible condition, and all circum-
stances favorable. 

From the record of tests the following valu-
able information was derived: 

First. Best stops are made with braking power 
not quite strong enough to skid wheels. 

Second. Length of stop is the same in re-
versing the engine whether cylinder cocks are 
opened or closed. 	

(305) 
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Third. The wheels did not lock rigidly when 
the engine would reverse without the brakes being 
used. 

Fourth. The tests demonstrated that the 
brakes used alone are better than with the 
engine being reversed. The stop is quicker, and 
there are no Hat spots obtained. 

Fifth. Enough sand is much better than too 
much. 

Sixth. Sand should be used before wheels start 
skidding, as its use will not start the wheels re-
volving when once skidding; it will simply in-
crease the fiat spots. 

Seventh. Sand being used on a straight track, 
the drivers did not lock when the engine was re-
versed, but on a curve they would. On a curve 
the engine rocks, and sand is not so likely to 
strike the rail. 

Eighth. In expected emergencies, the drivers 
did not lock when sand was used before brakes 
were applied and engine reversed, but it took so 
long to get the sand running first, that, in the end, 
the stop was not made as quickly as with unex-
pected emergencies where the engine was not 
reversed. 

Ninth. The unexpected emergencies are the 
ones that bear the most weight, as expected 
emergencies are practically unheard of. 
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DESCRIPTION OF TESTS. 

1. Emergency stops, train running at *twenty 
miles per hour. 

2. Emergency stops, train running at *forty 
miles per hour. 

3. Applying brakes, while train was standing 
still to show rapidity of application. 

4. Emergency stops, train running at *forty 
miles an hour. 

5. Service stops, and time of release. Exhi-
bition of smoothness of ordinary stop and time of 
release. 

6. Hand brake stops at *twenty miles per 
hour with five brakemen at their posts. At Buf-
falo there were seven brakemen. 

7. Breaking train in two. 
8. Emergency at *twenty miles per holm•, the 

brake leverage having been increased to give the 
quickest stop possible. In the seven previous 
tests the usual safe-braking power was used. 

9. Emergency stop at *forty miles per hour, 
same leverage was test 8. 

10. A train of twenty freight cars and a train 
of twelve ordinary passenger coaches, run along 
beside each other on parallel tracks, each being 
about the same weight and length of trains, and the 
brakes applied at the same time. This shows the 
relative stopping power of the old and the new 
brakes. 

*Speed attempted; actual speeds attained are given in state-
ment and as read from speed gauge on engine. Fractions of 
miles and sections are omitted. Two engines were used in mak-
ing tests at St. Paul, and one in other tests. 

APPENDIX B. 

PRINCIPLE OF THE AIR PUMP. 

Norz.--la Volume I. Railway Eqizipment the air pump is 
referred to, but not minutely. For that reason it has been 
thought well to embody a particular description of it here in con-
nection with the Engineers' and Firemen's Manual, as it in 
every ease forms a part of their examinations in regard to fit-
ness, or in the absence of such examinations is of value to them 
as explaining a part of their work. The information is, there-
fore, embodied here for the purpose of making a more thorough 
exposition of the subject. 	 M. M. K. 

SUPPLEMENTARY REMARKS. 

The air pump used in compressing the air for 
the use of the automatic air brake is placed on 
the locomotive, usually on the engineer's side of 
the boiler and immediately in front of the cab, 
although it is occasionally located similarly on 
the left-hand side. It is, however, becoming 
more and more the practice to place a pump on 
each side of the locomotive, so that there will be 
one in reserve should the other fail. 

When we consider the many efforts made to 
reduce engine failures and understand that an air 
pump failure almost invariably results in a delay 
which is charged up against the locomotive depart-
ment as an engine failure, it seems as though it 
would be advisable to place two pumps on all 
locomotives or employ some such device as the 
Sweeney Brake, illustrated and described else-
where. 
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NINE AND ONE-HALF INCH AIR PUMP. 

80.—Top Dead, complete. 
81.—Steam Cylinder, complete. 
82.—Center-piece, complete. 
83.—Air Cylinder, complete. 
N.—Lower Head. 
61.—Steam Piston and Rod. 
88.—Air Piston, complete. 
M.—Plston Rod Nut. 
M.—Reversing Valve Plate. 
71.—Reversing Valve Rod. 
75, —Main Valve Bushing. 
78.—Main Piston Valve, complete. 
77.—Main Valve Piston, Large Head, 
IR.—Main Valve Piston, Small Head. 
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81.—Main Valve Stem. 
88,—Main Slide Valve. 
84.—Right Main Valve Cylinder Head. 
85.—Lett Mate Valve Cylinder Head. 
88,—Air Valves. 
St —Air Valve Seats. 
88.—Air Valve Cages. 
89.—Valve Chamber Caps. 
98.--Stuffing Boxes. 
98.—StuRing Box Nuts. 
97.—Stuffing Box Glands. 
98,—Air Cylinder Oil-cup. 

101.—Drain Cocks. 
106,—Air Strainer. 
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The air pump is a vertical compressor, consist-
ing of two main cylinders, the upper one being 
the steam cylinder and the lower one the air 
cylinder. They are connected by a center cast-
ing, through which, in properly designed stuffing 
boxes, runs the piston rod connecting the main 
steam piston above with the air piston below. 
On top of the steam cylinder is the steam head 
which contains practically all of the valve illation 
of the nine and one-half inch pump; it will be 
evident from this last fact alone that this form 
of pump is superior to the former six-inch and 
eight-inch pumps not only because of its larger 
size, but also because these smaller pumps have 
a portion of their valve mechanism in the main 
steam cylinder casting of the pump; thus it will 
be seen that, by the removal of the top head of 
the nine and one-half inch pump, an entire 
change of the valve mechanism is effected, and 
it is this portion of a pump that is most likely to 
become defective. 

These two smaller sizes of pumps (six and 
eight inches in diameter, respectively,) are being 
so generally supplanted by the larger (nine and 
one-half inch size) that it is not considered 
necessary herein to describe their operation, 
although it differs but slightly from that of the 
latter. 

To those not wishing to go into the details of 
an explanation of the complete cycle of the 
movement of the nine and one-half inch pump, 
the following brief exposition of its principle is 
given: 



APPENDIX B. 

FIG.11#. 

El 

Gil 	t 
so =V111 aw 	- 	am es 

63 

	3 
NINE AND ONE-HALE' IN011 AIR PUMP. 

0.4 

314 

60.—Top Head. complete. 
61--Steam Cylinder, complete. 
62.—Canter-plece, complete. 
d3.--Air Cylinder. complete. 
64 —Lower Bead. 
15.—Steam Piston and Rod. 
69.- 'Reversing Valve Plate. 
71.—Reversing Valve Rod 
72.--Reversing Valve. 
T3.—Reversing Valve Chamber Bush-

ing. 

74.--Reversing Valve Chamber Cap. 
75.--Main Valve Hushing. 
s.3.--Main Slide Valve. 

.- Air Valve Cages. 
5g.-..Valve Chamber Caps. 
90.---S tufting Boxes. 
Id—Stuffing Box Nuts. 
W.—Stuffing Box Glands. 
105.- Drain Cocks. 
100.--A ir Strainer. 
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Each upward and each downward stroke of the 
steam piston causes a corresponding movement 
of the air piston in the lower cylinder. In this 
air cylinder are two sets of valves that lift when-
ever the pressure below them is greater than that 
above; thus both the top and the bottom sides of 
the air piston have valves to admit air from the 
atmosphere when the piston is receding, and this 
valve closes as soon as the piston reverses; the 
air that is drawn in on the previous stroke is then 
compressed until the pressure in the air cylinder 
is greater than the pressure in the main reser-
voir, when the discharge valve is lifted from its 
seat and this compressed air discharged to the 
main reservoir. There is one upper and one 
lower discharge valve. The pump is double act-
ing, discharging and drawing in air at one or the 
other side of the air piston on both the up and 
the down stroke. 

To move the air piston the steam must be 
alternately admitted first to one side and then to 
the other of the steam piston in the upper cylin-
der. This admission is regulated by the valve 
motion of the upper head which consists of a 
slide valve covering two steam ports leading to 
either side of the steam piston and an exhaust 
port leading to the atmosphere. On top of this 
slide valve is always steam pressure when the 
pump is working; but this downward pressure of 
the steam on the slide valve would effect no 
change of its position without some form of valve 
motion, so there are two small pistons, one on 
either side of the slide valve, attached to the ends 



of a stem having two collars between which this 
small slide valve is held and thus shifted back 
and forth in the same manner as an eccentric 
would reverse the positions of its ordinary "D" 
slide valve on a steam engine. These two pistons 
that operate the slide valve are of different diam-
eter and consequently when the same pressure 
per square inch is bearing on their inside surfaces 
the greater piston is going to overcome the 
smaller and pull the slide valve in its direction 
thereby uncovering a port and admitting steam 
to the under side of the main steam piston and 
forcing it upward while at the same time, by 
means of the cavity underneath the slide valve, 
the upper side of the steam piston is connected 
with the atmosphere through an exhaust port. 
When the main piston approaches its upper ter-
mination it engages with a stem which moves a 
very small slide valve in the upper head and 
allows steam to pass to the outside of the larger 
main-valve piston. This pressure on the outside 
of the larger piston just balances the pressure on 
its inside and leaves the pressure on the smaller 
piston to effect the movement of the stem and 
slide valve in its direction, thereby reversing the 
pump by permitting live steam to enter the steam 
cylinder above the piston and allowing the ex-
haust steam from below the piston to escape to 
the atmosphere through the under side of the 
slide valve. We have now completed a revolu-
tion of the pump and only have to place the valve 
motion in the position in which they were found 
when starting the pump (as in Fig. K'.) This 

is done by the engaging of the main piston with 
the same reversing stem that it struck on ap-
proaching its upper limit, only now it is at the 
approach to its downward termination that it 
pulls down this stem, thereby drawing its small 
slide valve with it, which valve permits the steam 
previously admitted to the outer side of the 
larger slide-valve piston to escape to the atmos-
phere through suitable ports. Hence the situa-
tion is as at first found—with a larger and a smaller 
piston acted upon from the inside in opposite 
directions and no pressure on their outside sur-
faces; the larger one overcomes the smaller and 
draws the slide valve to the position as at the 
outset. (See Fig. K'.) 

As these ports are not large, it is easy to see 
how small an object it would take to obstruct 
the passage of steam and consequently cause the 
pump to stop the same as though some part were 
broken. That is the reason that the use of noth-
ing but metallic gaskets is advised in the steam 
connections to the air pump. 

THE NINE AND ONE-HALF INCH IMPROVED AIR PUMP. 

As will be seen by reference to Figs. K' and 
and K 2  of the accompanying cut, the valve mo-
tion of the pump consists of two pistons, 77 and 
79, of unequal diameter, mounted on the rod 81, 
while a slide valve 83, of the "D" type, held in 
position between them provides for the distribu-
tion of steam to the upper and lower sides of the 
main steam piston 65, as required. Steam enters 
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the pump at X, where a suitable stud and nut 
admits of direct attachment to the pump gov-
ernor, and by means of passages a and a`, and 
port a3  is admitted to the slide valve chamber A 
between the two pistons 77 and 79 which (by 
reason of the greater area of the former) it forces 
to the right to the position in which the valve is 
shown in Fig. 1, thus admitting steam through 
ports b and passages 6m  and b2  to the under side 
of the main piston 65 and forcing it upward, 
while the steam previously used on the opposite 
side in forcing the main piston 65 downward is 
exhausted to the atmosphere through passage c, 
port c', and cavity B of the slide valve 83, port d 
and passage d' and &at the connection Y, from 
whence it is conveyed by a suitable pipe to the 
smoke-box of the locomotive. 

In Fig. K 3  is shown the outside view of the 
main valve bushing 75 giving the several ports 
and steam passages therein, of which port t com-
municates between chamber E in the main valve 
head 85 and the exhaust passage .7', and hence is 
in constant communication with the outside 
atmosphere, relieving the pressure on the surface 
of the main valve piston 79 exposed to chamber 
E. A reversing valve 72 operates in chamber 
C in the center of the steam cylinder head (Fig. 
K 2), steam being supplied thereto from slide 
valve chamber A through ports e and N.', and 
which is given motion through the medium of a 
rod 71 extending into the space k of the hollow 
main piston rod. The duty of this valve is that 
of admitting steam to and exhausting it from  

space D between main valve piston 77 and 
the head 84, and is shown in Fig. 2 in position to 
exhaust the steam previously used, from the 
space D through port h (Fig. 10), port h' (Fig. 
K2), reversing valve cavity H and ports f and 
/1  to the main exhaust ports d and d' and cr. 

It will at once be apparent, having described 
how the surfaces of main valve pistons 77 and 
79, exposed in chambers D and E, respectively, 
are free from pressure other than the atmosphere, 
that the steam on the insides of these pistons in 
chamber A is exerting a force against both pistons, 
but the total force to the right is the greater on 
account of the greater area of the larger piston 
77. This effect, however, is reversed when the 
main piston 65, approaching the upward termina-
tion of its stroke, strikes the shoulder, j, of 
the reversing valve rod 71, forcing the rod and 
its valve 72 upward, causing the admission of 
steam from chamber C to chamber D through 
ports g and g' (Fig. K 3), thus balancing the 
pressure on both sides of the main valve piston 
77, so that the steam in chamber A, acting upon 
the effective inside area of the main valve piston 
79, forces it to the left and live steam is 
again admitted to the upper side of the main 
steam piston 65 (while the steam below piston 
65 is allowed to exhaust), and thus forcing it 
downward until at the lower termination of its 
stroke the button head on the lower end of the 
reversing valve stem 71 comes in contact with 
the reversing valve plate 69, again moving re-
versing valve 72 to the position shown in Fig. .10, 
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thereby completing the cycle of its move-
ment. 

Coincident with the reciprocal movements of 
the main steam piston 65, the air piston 66 is 
moved by means of the main piston rod (also 
lettered 65) and air from the outside atmosphere 
is drawn alternately into the respective ends of 
the air cylinder 63 through the screened inlet 
106 at W; chamber F, and receiving valves 86 to 
the left, Fig. 10, and from thence discharged 
under pressure through discharge valves 86 to 
the right, Fig. K' to chamber U and the main 
reservoir to which the pump should be connected 
by one and one-fourth inch pipe at Z. The lift of 
the receiving and discharge valves 86 should be 
three thirty-seconds of an inch. 

This pump should receive as great care as that 
recommended for all previously designed pumps. 
The admonition, however, to use only a very sntall 
amount of oil in the air cylinder will bear repeat-
ing. Ample provision is made for drainage by 
means of two cocks, Figs. 105, K' and K2, located 
in the steam passages a and 0, which should be 
left open in starting the pump and in winter at 
all times when the pump is not working. 

APPENDIX C. 

THE LOCOMOTIVE LUBRICATOR. 

Although many engines (notably marine en-
gines using distilled feed water) have been run 
successfully without cylinder lubrication other 
than that of the steam that is condensed about the 
walls of the chamber, as higher boiler pressure 
became used in locomotive practice it was found 
advisable to employ oil in the lubrication of the 
cylinders. 

The boiler of a locomotive is probably forced 
more at times and more steam is taken from it 
in a given time than from that of any other boiler 
of the same size. This causes priming and more 
or less of the water is carried with the steam into 
the cylinders. Hence, if the water has much of 
any incrustating matter in solution, much of it 
reaches the valves and valve seats, the pistons 
and cylinders, and results in cutting these surfaces 
to a considerable extent, even with the most 
approved methods of lubrication. 

The original method employed for oiling the 
valves and cylinders was by means of an oil cup 
located on top of the steam chest through which 
cup oil could be supplied to the valves and cylin-
ders below whenever steam was shut off. 

) 
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AIR BRAKE LIIBRICATOR-SECTIONAL VIEW. (NATHAN.) 

FIG. 38. 

1.—Condenser. 
5.—Reducing or Choke Plug. 
O.—Sight-Feed Glass. 
9a.—Sight-Feed Nozzle. 

18.—Regulating Valve. 
22.—OH Pipe. 
28.—Water Pipe. 
82.—Steam Valve. 
84.—Condenser Tube. 

This necessitated the engineer or fireman going 
to the front end of the engine and pouring oil 
in these two cups—one or either side. This was 
neither convenient nor always safe. About the 
year 1864 the next improvement made was in the 
placing of these oil cups in the cab and connect-
ing them by sloping pipes to either steam chest. 
Thus the oil could be supplied by the enginemen 
without their leaving the cab. 

After many designs of hand oilers had been 
used, the necessity for an even flow of oil to valves 
and cylinders of locomotives was met in the year 
1872 by the introduction of the steam-chest oiler 
that could be filled and an adjustment made 
whereby a constant and controllable flow of oil 
was had. 

In 1883 the first clown drop-feed lubricator made 
its appearance, one being provided 'for each cyl-
inder. These lubricators were located in the cab 
with pipes leading to each steam chest. 

In 1885 this was changed to the up drop-feed, 
one lubricator for each cylinder being used, how-
ever, until 1886, when the double sight feed lubri-
cator was put in use. From the time of the intro-
duction of the air brake and consequent use of 
the air pump up to 1888, a separate lubricator 
was used for air pump lubrication. In that 
year, however, another feed was added to the 
cylinder lubricator making it a triple sight feed 
lubricator, as at present used. 
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FIG. 39. FIG. 40. 

TRIPLE SIGHT-FEED LOCOMOTIVE CYLINDER AND AIR BRAKE 
LUBRICATOR-SECTIONAL VIEW. (NATHAN.) 

TRIPLE SIGHT-FEED LOCOMOTIVE CYLINDER AND AIR BRAKE 
LUBRICATOR. (N ATI I A N. ) 

A—Filling Plug. 
B—Steam Valve. 
C, C, C—Regulating Valves, 
D—Water Valve. 
E—Condenser. 
F, F, F—Safety Valves. 
0, 0, 0—Auxiliary Oilers. 
W—Waste Cock. 

1.—Condenser, 
2.—Filling Plug. 
II—Auxiliary Oiler. 
4.—Safety Oiler. 
15.—Reducing or Choke Plug. 
8---Stud Nut. 
9.—Sight.Feed Glass. 
9a.—Sight-Feed Nozzle. 

10.—Upper Sight Bracket (for cylinder) 
10a—Upper Sight Bracket (for air brake) 
11.—Lower Sight Bracket (for cylinder.) 
lla.—Lower Sight Bracket (for air brake.) 
18.—Regulating Valve. 
19.—Bottom Plug. 
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Fia. 41. 

TRIPLE SIGHT-FEED LOCOMOTIVE CYLINDER AND AIR BRAKE 
I, B MCAT() t. (DETROIT, } 

A-0i l Reservoir. 
BB—Auxiliary Oilers. 
C—Connection for Boiler Pressure. 
D—Water Valve. 
EE—Regulating Valves. 
F—Condenser. 
G—Drain Valve. 
1111—Sight-Feed Glasses. 
I—Regulating Valve for Air Pump. 
K—Sight-Feed Glass for Air Pump. 
M—Steam Valve for Boiler Pressure. 
0—Filler Plug. 
R—Steam Connection to Air Pump. 
S—Tallow Pipe Concoction to Cylinder. 
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GENERAL INDEX. 

INTRODUCTION. 

What follows, while seemingly uninviting, 
represents long continued labor and, taken in 
connection with what precedes it, completes the 
subject of railway carriage. It is at once an 
Index and, in many respects, an Encyclopedia or 
key to the door of railway knowledge. By its 
aid the student may pick out from the woven 
fabric the particular thread lie seeks and follow 
its devious windings through the different divi-
sions of the railway service with which it is 
connected and thus obtain a connected view of 
every subject, no matter how trivial it may 
seem. 

I do not, of course, claim that I have exhausted 
the subject. If a man could do this, there would 
never be but one book written on a subject; but, 
fortunately, what one man writes only serves to 
stimulate the ambition and broaden the minds 
of others. I have discovered this in my own 
experience. Some of my books have been re-
written many times. What they represent today 

(D) 
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is an evolution, not only in railway affairs but in 
my own life and experience as a writer. In my 
early experience I called in from the publishers 
and burned many hundreds of books because I 
became dissatisfied with them. What seemed at 
first worthy of being printed, I discovered upon 
reflection and further investigation to be grossly 
deficient, hence the books called in and burned, 
to be re-written and burned again and again. 
However, they served as a guide until, finally, I 
have been able to write something that seems to 
me worthy of being read. I hope that I may not 
be alone in this belief, but that my readers may 
feel that after many years of effort I have written 
something worthy of their perusal. 

GENERAL INDEX. 

[EXPLAN&TORT Nora.—In consulting this general index the reader will 
note that foIlowiug each Subject. are Roman numerals; these refer to the par-
ticular volume of the series to which reference is made; the Arabic figures 
following denote the page. 'rhos an item as follows; 

Accidents 	 I  257; II, Zia: V, 570; IX, 127; XI, 67 
would mean that the subject of Accidents is referred to in Volume T, at page 
257; Volume II, at page 250; Volume V, at page 570; Volume IX, at page 127; 
Volume Xl, at page 07.] 

rens 
Abbreviations, Avoidance of—in Ordering Material 	VII, 69 

Use of  	VI, 94,111, 123 
" 	—in Telegraphic Orders 	IV, 392 

	

Ability, Administrative.     ....II, 124 
Abraham, Carriage in Time of 	 XI, 163 
Absolute Block System 	 IV, 293 

" 	English—Rules Governing...1V, 456-463 
Absolutism. 	 .II, 18, 19 
Abstracts, Daily Traffic. 	 X, 63, 64, 57 

Errors in. 	 VI, 195 
Freight. 	IX, 45 

" —Comparison of, with Way Bills. 	X, 111 
" 	 .VI, 324 

Notices of Errors and Omissions in—Rules Gov- 
erning. 	 VI, 195 

of Freight Received 	 VI, 210 
" Interline Way Bills Forwarded .V1,227, 228,230, 234 n 	 " 	" Received 	VI,228-230, 235 
" Local Way Bills Forwarded 	223-226. 230, 232 

" 	" 	" Received. 	VI, 227, 230, 23:3 

	

" Way Bills.   .. IX, 44, 45 
Rules Governing 	 VI, 230-232 
Traveling Auditors' 	 1X, 149 

Acadians, The 	 II, 130 
Accident, Amelioration of the Condition of Railway Men 

and Their Families in Cases of ...... ...X, 291-353 
" 	Insurance Funds, in Germany 	 X, 345-347 

Accidents 	II, 199, 234; Il I, 261, 293, 332, 430; IV, 403, 404 
" 	Assistance at...  	1V, 363, 381, 382 
" 	at Crossings 	 IV, 130, 131 

[I1] 
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Accidents Caused by Color Blindness . 	IV, 242,1r4 
" 	" Lighting Cars 	 IV, 181-183 

Causes of  	I, 380; 1V, 124, 125 
Due to Defective Equipment 	 ....IV, 60 
Information in Regard to 	 IV, 123 

14 	Judicial Notice of.... IV, 127 
• Legislation to Prevent 	 VIII, 316 
• Obstruction of Main Track by 	IV, 377, 378 

Prevention of-at Stations 	.IV, 121 
• Railway-in Early Days.. 	121 

Relation of Discipline to 	 IV, 125-127 
" Speed to 	 IV, 125 

• Remissness of Laws Relating to 	1V, 127, 128 
• Reporting 	.11r, 361, 331, 415, 428, 435; V, 177 
• to Baggage  	V, 327, 328 

"Employes 	 IV, 122, 123 
• Train  	1. 333; IV, 81 
• Writings on 	 I,107-109 

Accommodations, Interior-of Cara 	 V, 28 
Passenger  	 V, 25 

-in America 	 V, 31, 32 
Accordion Car. ,  	1, 204 
Accountant 	 II, 63 

Car 	 IV, 58 ; VI. 40. 03.67, 68; X, 67 
Accountants, Car-International Association of 	• VI, 64 

Characteristics of 	  1X, 153-157 .6 	Devices of 	 ...II, 276.277: V. 74; IX, 154 
Different Methods of  	1X, 43, 44 
Duties of 	 V. 71, 72; X, 27 
Freight 	 II, 248 
Methods of 	 V, 69 
Railway  	IX, 303, 304; X, 24 .6 	Skilled-Employment of 	1X, 37, 38 
Ticket ....II,   248 

Accounting, Baggage 	-V, 479 
Carelessness in 	  "iiy2 

• Cheap Systems of 	VII. 235. 236; X, 25, 26 
Corporate 	 V, 68 

" 	-Purpose of 	 IX, 330 
Cost of 	 II. 304 ; X, 25, 2(1 

• " " -Upon What Dependent 	VII, 235 
• Department 

	

	 I, 288: 1 f. 137. 139, 
272-305; V, 69; IX. 300. 304; X, 41 

64 	-A Safeguard 	 If, 282 
Chief of 	 II, 285 
Duty of 	 V, 70 
English 	 VI, 320 
in Early Times. 	II, 279. 293 
Management of........X,   36, 37 
Organization of 	 II, 248 

13 
PAGE 

Accounting, Details of-in Connection with Construction 
Work 	 . • 	 VII, 409-471 

. 	Effective  	 X, 24 
" Effect on Cost of-by Charging for Transporta- 

tion of Railway Material 	 VII, 202 
Expenses of 	 11, 279 
Expensive Systems of 	 X, 26 
Extravagance in 	 VII, 238 
for Excess Baggage Revenue 	. V, 506-514 
Forms Used in . • 	 V, 71 
Freight 	 VI, 79, 82-85 
Knowledge Possessed by 	 X. 64  
Necessity of Clearness and Accuracy in ..IX, 297-306 
Officer, Assistants of.. II, 283, 284 

" Authority of 	 II, 291 
" 	Discretion of 	 II, 289 
" 	Duties of. 	 II, 272-305  
" -His Relation to Other Officers..II, 291, 298 
" -Meaning of Title 	 II, 141 
" 	Office of.. 	 V, 69, 70 
" Relation of-to Manager 	II, 299-301 . 	 -to freasurer 	 III, 192, 193 
" Requirements of 	 V  72-74 
" 	Title of 	 VII, 249 

Officers  	 V, 507; VI, 18; X, 48, 49 
" 	Association of American Rail- 
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" 	English  	 11, 274 
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Railway-Diversity in Methods of 	VII, 236 
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Systems of  	 IX, 85, 86 
The Author's Method of 	 VI, 89, 90 
Transition State of 	 X, 26, 27 
Use of Carbon Sheets in 	 VI, 89, 90 

I, 267 
Access to-by Treasurer 	 II, 192 
Advantages of Efficient System of 	1X, 219, 220 
Against Persons for Material and Labor 	VII, 414-129 
Agents'-Auditing  	V, 84, 85; IX, 307 

" 	-Principles Governing 	IX, 35-64 
" 	-Transferring.........IX, 256-261, 411, 412 

and Cash, Concentration of 	 II, 285, 286 
Appliances of  	 V, 72 
Arrangement of - In Distribution of Material 

Book ... 	 VII, 319 
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PAGE 

Accounts, Bank-Anditing. 	 X, 266 
" 	Books of-Necessity of 	 X, 28 
66 	Certifying 	 X, 92 
• Changes in 	 X, 49 

-Channels Through Which They Pass 	X, 86-90 
Cheapening 	 II, 279 
Collection of 	 V, 519, 537 

64 	Complication of 	 II, 282 
Lb 	Conductors'-Auditing 	V, 84, ; IX, 307 

Construction 	 VII, 197, 198 
-Classification of 	VII, 466-469 

Corporate  	 IX, 219-221 
-On What Based 	 X, 49 

• Correction of Errors in . . VI, 187, 189; IX, 40, 361-366 
• Correspondence In Regard to   	V, 173 

Covering Up Deficiencies in 	IX, 136, 137, 139, 140 
• Current, Agents' 	 IX, 262-270 
• Difl'erent Methods of Keeping 	 X, 64, 65 

Dining Car Service  	VII, 301, 302 
Disbursement 	 II, 290 

Method of Keeping 	VII 243 
Necessity of Accuracy and Definite- 

ness in 	 VII, iv 
• Summarizing 	 X, 88, 89 

Disposition of Supplies in . 	VII, 28, 29 
▪ Division of.. X,60-62 

Elaboration of   	X, 55 
Errors in 	 IX, 39 
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46 	
" }'are Receipts. 	.IX, 83, 84 

Collections of 	 IX, 419-a4 
" -Auditing 	 V, 86 

44 	-Defrauding 	 IX, 214-216 
Dining Car-Itespo si bi ty of 	VII, 300 

• Duties of. 	IV, 401 ; V, 180, 217; VII, 367 
" 	" -on Construction Trains.....I V, 373, 375 

11. 	Electrical 	1, 398, 399, 431, 432, 435, 439, 450, 462 
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Conductor's Valve-illustration, Plate II 	 1,116-117 

Conductors, Returns of Freight Hauled .. 	VI, 179, 189 

Rules Governing,.... 	  ..V, 112 
Tickets Collected by 	 X, 67 

" 	Required of. 	 VI, 83 

" Branch Pipe to-Illustration, Plate II.. . 
	  I, 116-117 

" for Applying Brakes-/diuntration 	 .I, 540 
1, 326 11 	

" -Instructions to Trainmen 	 
Conductors, Withholding Wages of 	 IX, 389 
Conduits, Water-tight 	 1, 406 
Connecticut Rail road Commission. 	 HI, 164 
Connecting Lines, Operation of-Where the Gauges Are 

Different..  	III, 194, 195 
Rod. 	 I, 92, 334 
• Brake Lever-Prim tration, Plate 111 	I, 170-171 
" Cylinder Lever-Ittustrat ion, Plate ILI, 110-117 

Hand Brake-Illustration, Plate 	I, 116-117 
Hodge Lever-Inualration, Plate H 	1, 116-117 
Locomotive 	 I, 87 
Lower Brake-Mush-0;mi • Plate 11..1, 116-117 41 

to Truck Gear-Rlustea /ion, .1-lute /LI, 116-117 41 

" Upper Brake-Illustration, Plate 11..1, 116-117 Gb 

Connection, Cylinder Lever and Footing Lever--Illustration 
Plate III 	1,170-171 

46 	 46 	
" 	" Handl Brake-Illustration 

Plate III 	I,170-171 
Floating Lever and Live Truck Lever-I/Ins/rig- 

lion Pirtle III 	 1,170-171 
Main Roil-Illustration, Plate I 	 1, 58-59 66 

Pump-lila:Oration, Plate I 	 I, 58-59 41 

11 	" Exhaust-iaustrution, Plate I 	1, 58-59 
" Steam-IituAIration, Plate I 	I, 58-59 66 

Connections Between Dynamo and Feeders in Switchboard 
-ilkstration 	 I, 461 

Mechanical-for Carrying Current... 	I, 430 

	

"Conscience" Funds    .1X, 286, 287 
61 	Money, Accounting for 	 VII, 423 

"Consequent Pole" Motor 	 1, 472, 473 
Consignee, Authority of-Over Freight  	VI, 116 

Changing Name of 	 VI, 116 
Receipt to-for Charges 	 VI, 197-210 

Consiffnees, Delivery of Freight to 	 IX, 316-318 
Deposits of-to Cover Freight Charges-3X, 311, 312 
Inquisitiveness of.... 	IX, 95 U 

Notice to-of Arrival of Freight . ...VI, 60, 61, 190 
Property Refused by... 	 IX, 131 Lk 

Visiting-by Traveling Auditors 	IX, 80, 285 
Consignment Notes. 	VI, 318 
Consolidation, Effect of 	 VIII, 61 

- Copper 	457  
-Cost of 	 i, 42i, 53i-537 

" " Copper in 	 1, 420 
- Overheating 	 1  429 
- Power Lost in. 	 .I, 451 
- Pressure Between 	 I, 437 
Surface-For Collecting Current 	 
	1,464, 465 

English 	  .1 V, 441 
Evasion of Rules by 	 V, 182 
Examination of Car Seals by. 	 VI, 104 
Fares Collected by 	 IX, 118, 119 
Fiscal Duties of. 	 IX, 307-437 

	

Freight-Instructions to.....    .VI, 308-310 
" 	-Returns of 	 IX, 52, 53, 55, 56 
" -Rules Governing.. 	IV, 409-415 
" 	-Wayhilling Instructions of. 	VI, 114 

General Instructions to. 	IV, 402-415; V,172-179 
Leaving Service, Retaining Wages of...VII, 404, 405 
Licensing 
List of Supplies Required by 	 V, 593 
Passenger 	 VI, 14 

" 	-Rifles Governing 	IV, 406-409 
Payment of Fares to 	V, 118 
Remittances of... V, 174; IX, 291, 419-124; X, 135-139 
Reporting at Night Telegraph Stations. 	IV, 380 
Responsibility of ........IV, 52, 350,374,377, 402, 403 

" -for Subordinates 	V, 174 
Returns of 	 V, 15C-158, 216-222 

" 	" -for Fares Collected  	V, 81 
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6L 	or Goods Locomotive, New South 

	

Wales—fititsfratiun 	 I, 128 

	

of Properties   .II, 27 
Progress of 	VI II, 203, 205 

Constables 	 II, 195 
Constant Potential Dynamo 	 I, 408 4, 	 Motors. 	 I, 415 

" 	Speed Motor 	 I, 445 
Constitutional Right, Questions of 	 II, 229 
Constructing and Maintaining 	 III, 107-483 

	

Construction    111, 100-271 
"Construction" Account 	 VII, 525 
Construction, Accounting for 	 VI 1 I, 297. 302 

Accounts, Classification of. 	 VII, 456-469 
Authority for 	 VIII, 166 Li 

Benefits Following 	 VIII, 182 
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Car 	 I, 147 
" —Differences in 	  ...I, 121 61 

—Standard Details of. 	 I, 270 
Causes. 	 VIII, 172 44 

Charges I o.  	VII, 454, 455 
Companies 	 III, 30 
Cost of. 	VII, 206; Vill, 51 
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" " —Upon What Dependent 	III, 167 
Differences in 	 111, 137, 138 
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Items Included in. 	 111, 132 
—Meaning of the Term 	 III, 137 
Methods of 	 III, 137-151 

" 	" Raising Money for 	III, 158 
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" Equipment 	I, 288 
" Locomotives, Improvements in 	1, 43 

41. 	 " Track 	 III, 206-238 
Outlay for—How Governed 	 III, 173 
Particulars of 	 11I,162-166  
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Construction Practices in England. 	 VIII, 167 
Railway. ..... 	I, 164; Ill, 123-136; VH, 453-471 

" 	—Cost of.... 	III, 35 
" 	—Era of 	 III, 14 

—in America 	1,30; 11I, 129, 149-153 
—Influences Governing 	III, 114, 115 

" 	—Methods of Raising Money for-III, 30 
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Uniformity in  	III, 139 
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" " W0011 in 	 III, 129 
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Work  	 II, 166-172 

" Details of Accounting hi Connection 
with 	 VII, 409-471 

.III, 130 
Constructive Expenditures   	III, 418 
Consultation, Benefits of—Among Builders 	 1128 
Consulting Engineer  	 II, 138 
Consumer, Effect of Rates on 	 VIII, 26 

—Relation to Rates 	 VIII, 50 
Consumption, Effect of Rates on  	 VIII, 80 
Continent, American—the First Locomotive to Draw a Car 

on—"Torn Thumb," 1829— lilicogtration, , „ ....... 	.I, 27 
Coutin uoue Basket Rack—Illustration, Plate 11 	I, 116-117 

Brake  	 I, 298 
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• Shops, Location of. 	1, 122, 123 
46 Specifications of Cost for 	 III, 131 
• Street Railway—Rails Used in 	 I, 462 

"Construction Supply Depots" 	 VII, 460 
Construction Train   	III, 209 4, 	" —Meaning of Term 	IV, 317 

44 	Trainmen 	 HI, 209 
"Construction Trains" 	 . .VII, 460, 461 
Construction Trains, Rules Governing 	 IV, 372-375 

I' 
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" Preliminary 	 64 

44 	Draft Rigging—II/us/Tex/ion   	I, 176 
or Direct Current  	I, 420, 421 

"Contra-Construction Earnings" 	 VII, 467 
Contracts 	 III, 80 

Authentication of.... 	 II, 182 
• Drawing 	 II, 137. 232 
• Execution of 	  ...V, 519 
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Contracts, Live Stock.. 	 i • 4 	 V, 204; VI, 101 
Material. 	VII, 89, 288, 289 

" 	Special V, 169 
Control, Government. (See also "Government Control.") 

—Objections to 	 VI I, 11, 12 
" 	Private versus Government—of Railroads 	VIII. 

Controlled Manual Block System 	 IV, 276 
Controller, the 	 I. 483-285 

,. 	for Electric Motors; Open, Showing Drum and 
Fixed Contacts—Illustration 	I, 486 

... 	" Two Fifty-Horsepower Motors—Illustration 
	 It  484 
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Convention Certificates.. 	 V, 171 
16 	Tickets  	 V, 92, 107 

Conventions, Notice of—to Officials.   	V, 113 
Converter, or Transformer 	 I, 422 

,, 	 1 Rotary 	  , 427  
Conveyauce, Exhaust Process of 	  1, 274 
Conveyances, Execution of 	   V, 519 
Cook .. 	 XI, 28 
Cooley, L. E   	III, 133 

	

Cooler, Water—Illustration, Plate II .   1, 116-117 
Cooper, Peter—Locomotive Built by—Illustration  	I, 27 
Cooperage, Charges for  	 VI, 94; IX, 61 
Co-operation, Among Railroads 	 I 287 

.. —How Obtained by Managers. 	VII, 71 
Necessity of in Commerce.  	VIII, 39 

" 	Systematic 	  I, 284 
" 	Value of 	 	 11, 290; IX, 433, 434 
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Co-operative Effort—How Obtained.  	1I, 58 
Copper 	I, 416-420; Ill, 8; XI, 73 an  

d Tin Shop—Illustration. 	 1, 251 
" 	Conductors... 	 I, 457 
" Use of—by Railways 	VII, 209 
" 	Wire 	 I, 397 
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Presses,
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 of 

fetion of 	 VI, 85, 86 
	 VI, 180, 181 

Cord, Bell. 	  1, 112, 362 
" 	" —Use of, as Signal 	  IV, 250, 251 
" 	Signal 	. 	 .1, 362 
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.' 	—Illust) 
alion   

, Plate 
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	 1,116-117 

Core, Armature-1500 Kilowatt Generator—Illustration . . . I, 393 
" Iron 	 1 400 
" Ovens 	 

I, 2  " Rooms 	 I156277  
Corea—Its Primitive Associations and Means of Carriage... 
	 .X1, 293-305 

" —Primitive Carriage in—Illustrations. 	XI, 293-305  
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" Sill—Illustration, Plate III 	  

" 	Post—/Idustratfon Plate III 
41 	" Rods—Illustration, Plate III 

Cornice Board, Window Sill—Illustration, Plate H.. .. 	1, 116-117 
" 	Fascia Board, inside—Inns fration. Plate II. —1, 116-117 
" 	Inside Deck—flinatration Plats II 	1,116-11.7 

I, 116-117 
Coroners, Fees of 	 II, 232; III, 398 
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VI, 
V,
81 8628  
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Accounts—On What Based 	  
Life, Discipline of 	II, 19 

II, 58-59 
	II, 182 

" 	Service, Talent Required in 	 II, 156 ,. " 	Vicissitudes of 	  
.1XII, 29678  Corporations, Accounts of 	  . 

Administration of 	
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Affairs of 	  II,17 
Armies of 	
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., 	Characteristics of 	 IX,1I0, Ill 
" u 	Diversity 
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Organization of Different., 	II, 125 
" 	Documents in Favor of 	 VII, 444 
64 	Downfall of 	 II 59 

Economical Operation of 	 
" 	Efficiency of 	

111; 87885 8 , 806 
., 	Employes of 	 IX, 110, Ill 
• Government of 1 

Great—Characteristics of 	 II, 
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Principles Governing the Organization of the 
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Private--Efficient Service of 	 II, v 
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Cork, Use of—for Brake Shoes.... 	 1 302 
Corner Iron, Girt—Illustration, Plate HI 	 I, 170-171 

" PlatR/mOration Plate ill 	I, 170-171 
I, 170-171 

" 	Plate, End Sill—Iilustration, Plate II 	I, 116-117 
.. Transom—RInatration, Plate II 	1, 116-117 

	 1',170-171 
170-171 

" 	Rafter—Illustration, Plate II 	  

Property, Organization of 	  
Seal, Care of 	 
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f Corporations, Railway-as Manufacturers 	 VII, 1.25-I33 
" -Civil Service of 	 IX, 17 
" -Organization of 	 X, 36 
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" -Safeguards Enforced by.. ..V, 321, 822 

Safety of-Upon What Dependent 	VII, 93 
" 	Service of. 	 II, 100 

Vouchers in Favor of 	 VII, 435 LL 

" 	Wages Paid by 	 II, 103 
Corpses, Tickets for 	 V, 97, 139 

Transportation of. 	 V, 138, 139, 444, 519 
Corrections, Making.... 	 IX, 361-306 
Correspondence, Conduct of. 	 VI, 314 
Corrosion, Prevention of. 	 III, 368 
Corrugated Iron Rooting-Illustration, Plate III 	I, 170-171 
Cortez, Conquest of Mexico by. 	  	XI, 

	 28835  Cost, Comparison of 	  
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" -Between the Use of Coal and OH ....I, 103 
Influences Affecting 	 III, 383-413 
of Electrical Conductors. 	 I, 422, 633-537 
" Operating Railroads 	 II, 50 
46 by Steam Locomotives and by 46 

Electricity 	1, 514-516 
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" Transmission 	 I, 430 
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Jurisdiction of. 	 IF, 224 
-Meaning of Title.  	 II, 142 
Records of.  	II, 230 
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Title of... 	 VII, 250 
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44 Plate II 	 Rods- Illustrations, Elate III 	
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Counties, Vouchers in Favor of. 	VII, 435 
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95 
PAGE 

Coupling and Uncoupling-Instructions to Trainmen 	1, 370 
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Chain, Safety-Illustration, Plate II . 	I, 116-117 
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" Standard-Illustration 	 I, 370 
(•‘ Trai n  pipo-Iltustralion, Plate III ....I, 170-171 
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Brake 	.I, 321, 330 
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	 I, 308 
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Cover for Iron Hopper-Must ration Plate II 	1, 116-117 
" 	.Journal Box- /li list ration, Pirtle II   	.1, 116-117 
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" 	" 	CaSing-Iligatralion, Plate I . 	 ....I, 58-59 
Covetousness 	VII, 18, 	19 
Cow-The Unit of Value. 	 Xl, 	72 
Cowcatcher . . 	 1, 56, 57, 109 
Cranes 	 I, 106, 172, 254 

" 	Power 	  -1, 200 
" 	Sand 	 1, 247 
" 	Swinging 	... 	 I, 260 
" 	Traveling 	 I, 253, 255, 257, 260, 261, 264 
" 	Water .   	 1, 247 

Crank. 	 I, 	83 
" 	Bell-Throttle-I/lustre:a ion, Plate I 	 I  58-59 
" 	Pin. 	 I, 83, 85, 	87 
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" 	Investigating-by Traveling Auditors 	 .IX, 286 

Creosote, Effect of-on Wood  	 III, 352 
" 	Use of 	III, 358-300, 303, 364 
" 	Value of    111, 358-361 

Creosoting, Description of. 	111. 354, 355 
Crescent Link-II/antra/ion, Plate II 	.1,116-117 

" 	" 	Hanger-Illustration, Plate II . ... 	.....I, 116-117 
Crete, Island of.. 	 X  I. 134 
Crews, Different Methods of Handling 	 IV, 20-23 
Criticism, Benefits of. 	 I, 227; VIII. 	41 

" 	Effect of. 	 VII, 10, 	17 
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Failure of-Effect of   	 VIII, 	19 
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Grade-in Germany 	.IV, 132, 133 
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Railway 	 IV, 133 
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" 	Stays-Illustration 	 I, 	98 
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44 	 41  -Transformation of Alternating into Direct 
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" -Variation of 	 I, 414 
Currents, Electric . 	 I, 397 

14 	-Energy of 	 I, 402-405 
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" 	Polyphase 	 1, 426, 426 
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Curves, Avoidance of Great Britain ....... , .... ..... 	1, 24 
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" Effect of-on Cost of Operation 	 IH, 393 
" 	Elevation of 	 III, 218-220 

Motor 	 1476-480 
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it ". Roadway 	 II, 211 

" Rolling Stock. 	 I, 238 
41 " Ties 	 I] I, 280-284 

" Track 	 , 	 III. 20(1, 238-300 



208 
	 GENERA f. INDEX. 	 GENERAL INDEX. 	 209 

PAOE 
Maintenance of Way and Structures... ,....VII, 473-479, 514410 

Railway—Things Involved in 	III, 481, 482 
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Manufactories, Car-Specialists Among 	 I, 214 

in Great Britain  	I, 32 
Locomotive and Cur. 	I, 130, 138 
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" -Practices of English Railways.... " 
	 VII, 528-530 

Amount Kept in Store-tJpon What Dependent... 59  GL 
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4' 

The First Known to Mankind 	 
Manufacturer, Earliest Reference to 	  

Lill putian Railroad 
• The Successful 	 

Mai ufacturers 	 
American. 	 
Car 	 

Contracts with. 
Ll 

46 	 L 34, 116 

Intelligence Exercised by 	 
Labor of-Its Distribution. 	  
Locomotive. 

14 

11 

16 

4 

44 

44 

11 

Lb 

I, 140, 147 
	I, 145 

IV, 220 

61 	Cost of 	  
1 	1 



GENERAL INDEX. 

	

212 
	

GENERAL INDEX. 

PACE 
Materiel, Changes in. 	VII, 81 
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" 	" Transfer of. 	 VII, 80 
Paying for 	 VII, 89 
Permanent. 	 VII. 216-226 
Prevention of Duplication of 	  . VII, 78 
Purchase, Care and Inspection of. 	 /, 279 
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Medieval Primitive Associations mid Means of Carriage.... 

	  XT, 489-509 
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" Iron 	.....I, 74 
" 	-Its Primitive Associations and Means of Carriage 

	Xl, 448-458 
" 	Primitive Carriage in-Illustrations 	XI, 448-158 
" 	Status of Railways in 	 111, 61; VIII, 348 
" 	Use of Oil in 	 1, 64, 102 

Russian Freight Locomotive-illustration 	 124 
Russians, Use of Portable Railroads by 	 1, 222 
Rust, Effect of   	 III, 272-279 

" Prevention of 	 III, 273, 274 

Saddle, Casting-Illustration . 1, 60 
" 	Cylinder-Illustration, Plate I 	 I  68-59 
" 	Open ill g-Ittus tration . 	 1, 98  
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Saddle, Running Board-Illustration, Plate III 	I, 170-171 
" 	Tank Engine, American Four-Wheeled-illustra- 

tion  	.1, 106 
Saddles 	 I,93, 109, 286 

	

Safeguards . 	 . VI, 78, 79, 81, 82 
Enforcement of 	 II, 126 

" 	Fiscal-Enforcement of 	IX, 297 
" 	Origin of.  	 XI, 40 
" 	Value of 	 IX, 28 

Safes, Changing Combinations of.... IX, 134, 336 
' Locked-Opening 	 X, 272 
" Money 	X, 270, 271 
" Use of 	 IX, 188, 189, 329, 334-337 

Safety Appliances. 	 IV. 106-145; VIII, 316 
Adoption of 	.. .If, 26; IV, 134, 135, 137, 138 

" 	-How Looked Upon by Governments.. III, 38 
" 	Power of State to Enforce 	IV, 138 

Beam-Illustration, Plate II 	 I, 116-117 
" 	Iron-Illustration, Plate II.... 	I, 116-117 
" 	Middle-Illustration, Plate II 	1, 116,417 
" 	Tie Rod-Illustration, Plate II 	1116-117 

Bearing, Axle--Illustration, Plate II 	I, 116-117 
Coupling Chain-Einitration, Plate II .. 	1  116-117 
Devices 	 III, 36-38 
Hanger -Illustration, Plate I 	1, 58-59 

Center Brake-Illustration, Plate II . .1,116 117 
Plate Handle-Illustration, Plate II 	I, 118-117 
Plugs 	 I 81 
Rope, Berth-Illustration, Plate II 	 I, 116-117 
Strap, Axle-Illustration, Plate II 	1,116-117 

" Brake-Illustration, Plate II 	. -1,116-117 
Valve  	 1, 81, 82 

" Connections-Ilinstration 	 I, 98 
" for High Speed Brake-Illustration 	I, 362 4, 	64 	 G,  

	 I, 632, 363 
" Section of-Illustration 	 .1, 82 

Valves-Illustration, Plate I 	I, 58-58 
Salaries-English Railways 	 IV, 447, 44.8 
"Salaries of Clerks and Attendants" 	 VII, 496, 523 
"Salaries of General Officers"....   	VII, 495, 523 
Sales Agent. (See "Purchasing and Sales Agent.") 
Saloon Car, Austrian Imperial-Illustration 	 

66 

Miscellaneous-Governing the Handling of 
. VI, 65, 66 " Use of Foreign Cars 	 

66 

H 

Rim Regardless-Meaning of Term 	 
Running Against a Train-Meaning of Term 	 

i6 	Board 	  

I' 

I, 220 
Salts, letalli-Use of 	 III, 352 

" Mineral-Use of 	 III, 361 
Sample Cases, Checking 	 V, 497, 498 
"Sampson" Locomotive. 	 1, 03 
"Samson" Locomotive 	 T 31 

16 	 44 	1838. Built by Timothy Hackwoi th 
-Illustration 	 1, 40 

Sand, Application of-to Rails 	  I, 110, 321 
ao Vol ia 



296 	 GENERAL INDEX. 

PAO'S 

III, 373 
" Blast 	 I 53 

" Introduction of. 	 I, 53. 
" Box  	 I, 110 

" —Illustrations, Plate I 	1, 58-59, 60 

" Cranes. 	 I, 247 
" Ejector 	 I, 53 
" Funnel. 	 1, 103 
" Lever—Illustration, Plate I 	 I, 58-59 
" Papering Machines. 	 I, 262 

Pipe—Illustrations, 	I, 60 
" Locomotive—Supplemented by Steam Blast- 

-Illustration 	 I, 111 
Supply of—for Locomotives. 

46 Use of—on Rails, 	 . 	 
66 Waste of—Its Prevention 	 

1, 246 
I 313 
I, 	53 

Sanding Appliances, Air—Automatic 	 I, 313 
" 	Rails. 	 I, 369 

Sanitation 	 V, 37-39 
Sardis... 	  XI, 129 
Sargent, George M 	  1, 302 
Sash, Deck—Illustration, Plate II 	 1,116-117 

" 	Lift Door—Illustration, Plate .TI 	 I, 116-117 
" 	Lintel, Deck—Illustration, Plate II 	 1 116-117 
" 	Lower Door—Illustration, Plate II 	 I, 116-117 

Opener, Deck—Illustration, Plate II 	 1,116-117 
" 	Pivot, Deck—Illustration, Plate II 	 I,116-117 

Pull, Deck—Illustration, Plate II 	 I, 116-117 
Upper Door—Illustration, Plate II 	 I, 116-117 
Window—Ittustration,Plate II 	 I, 116-117 

" 	" 	Blind—Illustration, Plate II 	 I 116-117 
Savagery 	 .XI, 43  

" 	Relation of Property to.. 	 XI, 9 
Savages, Advancement of  	XI, 53 

Money of  	.111, 9 
Saving, Habit of—What It Represents 	VII, 22, 23 

" 	—How Effected in the Machinery Department.....I, 284 
Savings Funds 	 X, 313-320 
Saw Track—Mustration . 	 III, 333 
Sawdust, Removal of 	 I, 274 
Saxon State Railways of Germany, Freight Cars of 	I, 121  
Scaffolding 	I, 274 
Scalpers, Ticket. 	  

AI  
	 V, 45-49 

	

—Operations of   . V, 46, 47 

	

Scarfing Machinery   I, 262 
Schedule—Meaning of Term 	 IV, 320  

" 	of Standard Accounts and Statistics of Railroads... 
	 X, 357461  
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Schedule, Train 	 IV, 75, 76 
Schedules, Arbitrary 	 II, 35 

Rates—Regulations Gov- 
erning. 	 VI, 42-48 

Schenectady. 	 I, 44 
44 	Locomotive—Illustrations 	1, 139, 140, 142 

Schllemann, Doctor  	XI, 89 
Schools, Polytechnic 	 I, 234 
Schweinfurth 	 XI, 29 
Science, Electrical 	 I, 390 

" Railway—The  	 VII, 232 
Scientific Instruction 	 I, 234 
Scoop Water 	 I, 106 
Scotch Block—Meaning of Term 	 IV, 315 
Scott, Charles F 	 I, 391 
Scottish Double Header Locomotive—Illustration 	I, 135 
Scrap, Accounting for 	VII, 305, 306 

" Assorting 	 VII, 302 
Brass—Care of 	 VII, 303 
Care of 	 VII, 263, 302, 303 
Collection of. 	VII, 302, 303 
Collections for. 	VII, 420, 421 
Final Disposition of 	 VII, 89 
Furnaces 	 I 255 
Inventorying. 	 VII, 345 
Invoicing  	 .VII, 282 
Iron, Use of—for Wheels 	 IV, 208, 209 
Orders for Transfer of 	 VII, 80 
Records of 	 VII, 303 
Returns for   	 VII, 303, 305 
Shipping 	 VII, 304, 305,310, 311 
Storing  	 VII, 304 
Value of  	 VII, 263 
Weighing ....  	 VII,305, 311 

Screen Post, Deck—Illustration, Plate II 	I,116-117 
Screens, Window—Deck—Illustration, Plate II ..... 	I, 116-117 
Scriptures, The 	 XI, 28 
Scythians, Horses of  	 XI, 87 
Seal, Corporate—Care of 	 II, 182 

" Cost of  	 III, 156 
" Pin, End Door—Illustration, Plate III  	I, 170-171 
' Side Door Illustration, Plate III 	I, 170-171 

Seals, Car 	 VI,49-51, 103, 104 
Seam, Circumferential—Illustration, Plate I , 	. .., . . . ...I, 58-59 
Seams, Boiler. 	 I, 74 
Seat, Car—Evolution of   	I, 186, 187 

" End—Illustration, Plate II  	 I; 116-117 
" 	" Rail—Illustration, Plate II..... I, 116-117 
" 	" Rest—Illustration, Plate II 	 I, 116-117 
" Hinge—Illustration, Plate U 	 I, 116-117 

Sand, Ballast 	 

" Lever—Illustration, Plate I 	 I, 58-59 

Plate  I 	  58-59 I, 

of Fares and Freight 

46 

44 

66 

16 

41,  

46 

41 

64 

46 
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Seat, Introduction of-for Vehicles.. 	 .1, 102 
1,116-117 

Overhang Truss Rod-Rht4lralion, Plate II 	I,116-117 
" Radiators -Illustration, Plate II 	 1,116-117 
" Reversible 	 I, 188 

66 	American -Rdnatrationn 
" Rubber-RIuntration. 	 I, 344 
LL  Spring-Illuatration, Plate 	 ..........I, 170-171 

-Bolster-iltusfration, Male II 	I,116-117 
" 	Equalizing Bar-Illustration, Elate II 	11  116-117 

" Truss Roc]-Transom-Ittun (ration, Plate II 	I,116-117 
" Valve-Rdnatration, Plate I 	 I  58-59 

Secondary Current  	 I, 423 
Secretary  	1I,131, 138 

Duties of 	 11, 177-185 
of the Treasury...  	 II, 292, 293 
Powers of-on English Railways. ... 	179, 180 
Qualifications of 	 II, 177 
Records of 	 11, 177, 178 

Section Gangs  	 111, 238 
of a Dynamo, Showing Electro-Magnets or Fieldsand 64 

the Armature Within-Rfuntration 	I, 406 
Sections, Length of 	 .. 	 .... 	238 
Sectional Brake 	 I, 298 
Securities. (See also "Bonds, Indem nity.") 

Character of Different Kinds of 	III, 59-71 
Custody of  	 II, 193 
Discount on. 	III, 28 
Fluctuations of 	 III, 50 
in Stocks 	 III, 16 
Interest on 	 III, 28 
Issuing 	 III, 63, 54 
Land 	 III, 16 
Negotiations and Sale of 	 II, 137 
of Prospective Railways 	 III, 31 
Railway-Fluctuations in 	 HI, 42 

" 	-Holders of 	 111, 64, 55 
" 	-in America 	 111, 72, 73 

-Investments in Worthless. 	III, 32 
- Precautions to Investors 	III. 79-84 
- Price of 	  ..I11, 64  
- Purchase of .... 	........... 111, 64 

• Sale of 	  II, I91; Ill, 158, 159  
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Seguin's Locomotive-The First with Multitubular Boiler, 
1828.. 	...I,. 	26 

Multitubular Boiler, 
I 828-Ittuatra_ 
Lion 	 .I, 26 

Seine River 	 I, 215 
Selection, Law of.... 	  II, 14 
Self-Excited Dynamo 	 I, 408, 409 
Semaphore, First Use of 	 IV, 262 

-Meaning of Term 	 1V, 320 
" 	Signals 	248, 249, 255, 201, 262, 274, 278, 292 n 

1 	Automatic Block-Mtn I rations, 1V, 502, 503 
Signification of. 	 1V, .149, 350 

Semaphores 	 IV, 391 

	

Semite..     1, 163 
Senate, Carthagenian 	 N. 1, 141 
Separately Excited Dynamo. 	 I  409 

	

Serfs     XI, 35 
I, 412 

" 	Motors 	 I, 412, 479-476, 485 
Servants, Government-Peculiarities of 	 VI, 276-279 
Service, Application of the Air Brake In-Instructions to 

Enginemen 	 1, 317, 318 
Position, of Engineer's Brake and Equal- 

izing Discharge Valve 	1, 350, 361 
Baggage 	V, 275-514 

" 	-Needs of  	 V, 03-05 
Car 	 VI, 49, 63-57 

	

" -Superintendent of.  	VI, 57 
Corporate-Vicissitudes of 	 II, 60 
Cost of-Effect on Rates 	 VIII, 110 
Deli nitenes.s of 	  II, 99 
Difference Between Freight and Passenger 	IV, 17 
Efficiency of-How Improved 	 IL 90 

" 	-How Secured .. 	 II, 84, 85 
Efficient 	 VI, 5, 11-18 
Esprit de Corps of-How Maintained 	 II, 23 
Express and Mail 	 V, 515-563 
Express-in United States 	V, 537-551 
Freight-Organization of.... 	 VI, 11, 12, 22 

Use of Electricity for 	 I 513 
Inefficient 	 II, 25 
Passenger 	 V, 11-273 

Adaptability of 	 V, 14, 16 
Changes Affecting. . . 	 V, 21 

" 	-Comparison of English and American 
	 V, 22-26, 30, 31 

-Familiarity with Needs of. 	V, 22 
- Intricacies of. 	 V, 15 
- Requirements of 	 V, 17, 18 

" Lock-Riantration, PZate 	  

	 I, 217 

46 

44 

• Value of-Upon What Dependent 	III, 102 
Security, Exacting-from Employes Who Handle Money.... 
	 IX, 26, 27. 158-177 

" 	Forms of . 	 IX. 108, 169 
Segment of a Commutator, Showing Grooves at Top of Neck 

for Attaching Wires from Armature-Illustration 	I, 407 

Series Machine-Mita trittion 	 

41. 

44 

46 

64 

44 
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Service, Promotion in 	 II, 23 

" 	Pullman 	 I 202 
Railway—Advancement in  	II, 295 

" 	—Attaches of 	123 
—Characteristics of 	 IL 63, 64 
—Charm of 	 II, 123 
—Description of. 	 11, 24 

	

—Electrical Systems for.   .1, 430.-453 
—Improvements in 	 V, 32 
—hi United States 	I, 249 
—Natural Fitness and Selection in 	II, 20 
—Necessity of Obedience hi 	VI, 17 

" 	—Tenure of Office in 	 IT, 100 
—Relation to Rates 	 . VIII, 28 
Requirements of the Community 	VDT, 28 
Station and Train.... 	 .1, 233 

IV, 16 
Suburban—Requirements of 	 I, 67 ; V, 41, 42 
Time a Locomotive May Be Kept in 	I, 247, 248 
Train 

" —Attractiveness of 
—Changes in 
—Conditions Governing 	  
—Dangers of 
—Effective 
—in Great Britain. 

41 

LL 

LL 	 ba  —as Basis for Rates  	V I II, 42, 49 
Wagner 	 I, 202 

Services, Legal—Expenditures for 	 III, 398 
Sesostris  	 XI, 113 
Setting a Switch—Meaning of Term 	.1V, 320 

" 	Brakes . 	 I, 348 
" 	Out Air-Braked Cars 	 I, 374 

Settlements, Express 	 V. 560, 551 
Sewerage 	 1  242, 273 

1, 116-117 
I,116.117 
I,116-117 
I  116-117 

	 I,116-1171/,277  
Shakespeare, Use of the Word "Baggage" by 	  
Shank—Ittustration, Plate II. 	 I  116-117 
Shareholders. (See also "Stockholders") 	  III, 81, 85 

66 	Practice of—in America 	 III, 81 
" 	" " England. 	 III, 81 LL 

" 	Redemption by 	 III, 87 
Shares, Classes of.. 	 III, 87, 88  

" 	Issue of. 	  
" 	Different Kinds of. 	 III, 85 

III, 65 
" Issuing 	 III, 30 
" Par Value of 	  III, 87 
" Preference 	

 
III, 88 

" 	Sale of. 	 III, 85 
	I, 32 

Sharru kin 	 
Sharp, Roberts & Company 	  

	 XI, 102, 106 
Shavings, Removal of 	 I, 274 
Sheathing Furring—Moira/ion, Plate II  	I,116-117 

" 	Outside—Rfustrations I it: lt. 	 
" 	Rall—Rtiotration, Plate a 	I,I 1117t111771  

I, 116-117 

I, 170-171 
1, 116-117 

	 I, 1.116 2117 
Sheds, Repair 	  

" Snow—Use of  	M, 302-305 
Shelling Freight in Transit 	VI, 267 
Sheep Car, Victorian—Rlustration 	I, 193 
Sheet, Crown 	1,75, 81, 96, 97 

IC 	 GC 	Illustration  	 I, 98 
Flue  i 	  1, 97 e  

—Illustration, Plate 1 	.. 	I, 58-59 
. rLb  

64 

LI 

" " —The Railway School 	 IL 

IV 

• LL 

	

44 	 44 

	

46 	—Injuries Growing Out of........ .......II, 234 
—Methods of Improving 	 I V 23 24 
—Morale of 	 . IV, 12-32 
—of American Railways 	 IV. 10 
	 I V. 97-10s 

1V, 20-23 
1V, 18 

• " 	 Par ti culars of 
—Practices Characterizing 	  
—Requirements of 	  

" —The Author's Books on 	 IV, 9, 10 
Uninterrupted—Value of 	II, 91 
Unit of 	 VIII, 70 
Value of   	 VIII, 85 

	 IV, 14, 15 
	 V, 20 

.IV, 8 
	  .IV, 15 
	 .1 V, 62-67 

IV, 440-464 

Shade,Bottoin Bar of —I 	ft I if)it, Plate II 	 
" Fringe—Illustration, Plate II. 	  
" Stop—Illustration, Plate II 	  

Thumb Latch—Illustration, Plate 
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Shade, Window—Tanetration, Plate II. 	  .1,116-117 
I 405 

	 I, 58-59 
" Brake 	 I, 298 
" 	" Chain—Illustration, Plate II 	 I, 116-117 
" Driving 	 I, 456 
" Dynamo  	I, 456 
" Lever, Tumbling—Illustration, Plate I I 	 58-59 
" Lifting 	   I, 90 
" Motor—Mechanical Energy Delivered by 	I, 403 
" Revolving 	 I 441 
" Rock 	 I 94 
" Tumbling—Illustration, Plate I 	  I, 68-59 

Shafts 	 I, 
	 I, 274 

" Uncoupling—Illustration, Plate II 	 1, 116-117 

I, 83, 92 
" Tumbling 	 I, 286 

Shake Lever Stub—Illustration, Plate I 	 I, 58-59 
Shaker Grate—Illustration, Plate II, 

Shaft, Armature 	  
" Arm, Tumbling—Illustration, Plate I 

" 	Side Door—Illustration, Plate III 	 
Sheave Bracket,Chain—IlIustration,Plate 

" Chain Ill 	PlateII 	 
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Sheets, Boiler 	 1248 
" 	Flue-HIuktration 	 . .1, 98 

Shelf, Oil Can-Illustrations, Plate I 	 1, 58-59, 64 
Shell, Boller-Itiustration .  	 I, 98 

" Dome-illustration. 	 I, 98 
" Lugs-Illustration 	 I, GS 

Shimming  	II1, 247, 248, 332 
Shinn, William P 	 X, 167 
Shippers, Freight Charges Advanced by. 	IX, 320-323 

" 	Misrepresentations of 	 VI, 5. 22-25 
" 	Ownership of Cars by. 	  . VI, 69 
" 	Receipts Given to 	 IX 63 114 

Shipping Bill. 	 VI, 94, 109, 115, 139 
" Rules Governing the Use of. ..... ...VI, 110-114 

Bills, Changes in-After Freight is I4'orwarded, VI, 114 
" Numbering 	 VI, 113 

Directions 	 VI, 94 
Implements.  	 1, 2132 
Tickets, Use of 	 IX, 48-50 

Shocks, Preventing-to Trains. 	 1,318, 369 
" 	Prevention of-to Motors 	 I, 470 

Shoe and Third Rail. Brooklyn Bridge Terminal-Illustra- 
tion 	 1, 466 

66 Male II 	 1, 116-117 Brake-Illustrations, i Plate III 	1,170-171 
" 	and Its Application to the Driver -/Iditatration 
	 I, 304 

46 	 " -Clogging  	 I, 299 
. 	" -Pressure of, Against the Wheel 	I, 311 
" Center Brake-Illustration, Flute II 	1  116-117 
16.  Driving Box-Illustration, Plate I 	 1, 58-59 

for Third Rail Between Main Rails-Nantasket Beach 
Ranway-Rdustration, 	 I, 465 

" Iron .  	 I, 464 
Shoes 	 I 286 

" Brake . 	 1, 291, 292, 301-305, 314, 334 
" 	" 	-Slack of 	.1, 332 

Shop Blacksmith 	I,132, 251, 256, 262, 263, 271,272, 275 kt - Car Department-End Elevation-Illus- Lc 

tration 	1, 264 
-Side Elevation-Inns- 

tration 	I, 263 
- Cross Section-Illustration 	1, 205 

" 	Boiler .... 	I, 251, 255, 262 
" Boilers 	 I, 255 
" Buildings, Design for  	 I 253 
" Car-Passenger.   	 I, 274 
" 	" Repair-Section and End Elevation-Ittustration 

	 I, 255 
66. 	" -Side Elevation-Illustration 	1, 252 A  
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Shop, Erecting. 	 I, 251, 273, 274 
and Machine 	 1, 254 

61 	 14 " -Side Elevation---Illustration..], 267 
Purposes, Compressed Air for  	I, 384 
Supplies, Inventorying. 	 VII, 344 
Tank 	I, 251 
Telephone System 	 I, 279 
Tin and Copper-ittuatration 	 I, 261 
Work, Arrangement and Systemization of 	I, 288 

" Discussion of Matters Relating to 	 .1, 289, 290 
Shops, Arrangement and Systemization of 	.1, 283, 288 

" 	Blacksmith 	 I, 130, 131 
" Boller, Tin, Flue, Wood and Blacksmith-Locomotive 

Department-Illustrations 	 I, 249 
" Car Repair I 271-279 

" -Plan for-Illustration 	 1, 242 
Collections at  	 VII, 415 
Comparisons of Work at Different 	I, 287 
Construction-Location of 	 I  122, 123 

" Discussion of Questions Relating to the Machinery of 
	  ... . 	1, 289, 290 

G. 	EmploI, -yes of 	 I, 229 
. 	 • Meetings o f.... 	  I, 227-229 

66 	 A 	
" -Value of Discussion Among 	I, 289, 290 

" Equipment of 	 1, 259 
" Erecting 	 I 272 

66 	-Distribution of Material to 	1, 272 

41 

66 

46 

-for Freight Cars  	I 271 
" Passenger Cars 	 I, 271 

-Locomotive Department-Cross Section-11- 
itiRtration. , 248 

" 	-End Elevation-H. 
lustration 	1, 246 

-Side Elevation -11.- 
lustration 	1, 245 

" 	-Tracks in  	 I, 261, 262 
Foremen 	 .1, 264, 265 
Forge 	 .1, 251, 256, 271, 272 
Labor, Arrangement of 	 I, 283 

" 	Distribution of 	.1-, 285 
" Locomotive Repair-Equipment of 	1, 262 
" Machine 	 1, 261, 272, 273, 276, 286 

" 	and Erecting 	 1,251, 264, 205 
"Shop Machinery and Tools". 	 VII, 465 
Shop, Outlay-How Reduced. 	 1, 287 

" 	Paint 	 I, 251, 252, 257, 273, 274 
" -Freight Car 	 I, 271 
" -Passenger Car 	  ..I, 271 

" -Cross Section-Mustration ...I, 269 
" -End Elevation-Illustration. 1, 269 44 

46 

.6 
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Shops, Erection of 	 I, 143 

" 	Facilities of  	 I, 235 
Examinations at-by Traveling Auditors........ VII, 433 

	 VII, 334 " Fuel Stored at 	 
	 I, 248, 250 General Repair 
	 1, 283 Government of 
	 I, 261 
	VII, 244 
	I, 237, 283 

" Locomotive Repair-Plan for-illustration 	I, 239 
Machine 	. I, 239, 269 

. Machinery of  	 I, 283 
Making Pay Rolls at   	VII, 369, 370 

" Manufacturing-Privilege of Inspecting 	1, 127  
Organization of 	 I, 232, 237, 283, 284 
Paint 	 I, 272 

" -Material at 	 VII, 309 
Railway 	 I, 124, 225 

. " 	-Arrangement of 	 1, 230 
" 	-Machinery of 	 1, 122 

Repair 	 I 122, 239, 250; VII, 130, 131 
" -Car 	  .... . I, 271-279 
" -General 	 I, 270 

- For Cars and Locomotives 	 I, 271 
-Labor in 	 I, 264 
- Location of 	 I 249, 250 
-Locomotive  	I, 247-268 
-Number of 	 I 283 
- Organization of Labor in 	 1, 264 
-Their Location, Design and Equipment 	1, 237 

" Restriction of Number of....  	. VII, 130 
"Shops, Roundhouses and Turntables" 	VII, 458, 459 
Shops, Time Tickets Issued at. 	 VII, 401 

Upholstery-Material at 	 VII, 309 
" Workings of 	 I, 283 

Shortages. (See also "Defalcations.") 
" 	Adjustment of 	 IX, 196-212 
" 	Cause of. 	 IX, 23 
" 	Devices for Covering Up 	IX, 136, 137, 139, 140 
" 	Information Regarding 	 IX, 167 

Short Buffer Plate-Illustration, Plate II. 	 I, 116-117 
" Sill, Platform-Illustration, Plate II 	I, 116-117 

Shumir  	 XI, 120 
Shumiro-Accades,Religioii of 	 XI, 75, 76 
Shunt Machine, A-Illustration. 	 ....I, 412 

" Motors.   	 1, 412 
" Winding 	I, 409, 410 

Shunters, English-Wages of  	IV, 453 
"Shunter's Stick" 	 1, 172, 173 
Shunting-Meaning of Term 	 IV, 320 
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Shut-off Valve, Main-Illustration, Plate II 	I, 116-117 
Shutt End Railway 	 I

,

28 
Siam, Its Primitive Associations and Means of Carriage.... 
	 XI, 237-253 

	

" -Primitive Carriage in-Illustrations. 	XI, 237-253 
Siberia-Its Primitive Associations and Means of Carriage.. 

	X1 448-458 
" -Primitive Carriage in-Illustrations 	XI, 441, 11  84598 

Siberian Railway Locomotive-Illustration 	  
Sicily 	 XI, 91 
Sickness, Amelioration of the Condition of Railway Men and 

Their Families in Cases of 	X, 291-353 
Side Bearing, Body-Illustration, Plate III 	 

46

I:1 1710-111771 
" 	Bridge-Illustration,- 	Plate II. 	 

1  ,- 

Body-Iliustration, Plate II 	I, 116-117 
Pillar Body-Illustration, Plate II... 	 
	 I, 116-117 

I, 116-117 
44 

" Bracket-Illustration, Plate III 	 
46 " 	Wedge-Illustration, Plate III 	 46 

64  Chafing Strip-Illustration, Plate III.... 	1, 170-171 14  

• . Closed Clasp-Illustration. Plate III 	I, 170-171  
. 	 " 	Stop-Illustration, Plate III 	1,170-171 
64 	44  Furring-Illustration, Plate III 	 I,170-171 
• Handle-Illustration, Plate III 	 .1, 170-171 44. Hanger-Illustration, Plate III 	 1, 170-171 

Hasp-Illustration. Plate III 	  I, 170-171 
. Middle Rail-Illustration, Plate III 	1, no-in GI 

64 	44 

66 	66 
Open Clasp-Illustration, Plate III 	II:11770_0-117711  

Stop-Illustration. Plate HI 	 
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trse of—Charges for 	 III, 407 
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" —Train 	 I, 317,322, 330 
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Branch Pipe Cut-Out Cock—Illustration, Plate II 

	1, 116-117 
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Operating the Train Air—Instructions to Trainmen 
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—Illustration 	 I V, 403 
Permanent 	 IV, 261 
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Removing 	 IV, 396 
Rules Governing 	 IV, 340-343 
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	.IV, 486, 489 

" 	Uniformity of 	 IV, 258-261, 264-267 
*4 	Use of—by Railways 	 IV, 244 
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" Uniformity in. 	 IV, 303 
" Use of—in Telegraphic Orders. 	IV, 392 
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" Ratio of-to Gold 	 111, 12, 13 
" Status of-in the United States 	 III, 14 
" Transportation of 	 V, 619 
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" Workmen 	 I, 247, 264 
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Slab-Illustration, Plate II.. I,116-117 
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Sledge, Origin of 	 Xl, 51 
Sleepers, Longitudinal 	 III, 201, 202 
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46 Car, American 	 I, DV 
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" 	Cars  	 1, 188-194; V, 221 
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" Switches. 	111,235, 236 
Slopes 	III, 225 
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Smith, L. L 	 I, 285 
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Smokestacks, Destruction of 	 I, 38 
Smoking Car, American Buffet-Interior of- illustration . 
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Gauge Used in  	 HI, 194 
Its Primitive Associations and Means of Carriage.... 
	 XI, 468-476 
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Sperry, H. W. 	 IV, 112 
Spike, Action of-on Tie-Mustration 	 III, 321 

" Track-Mt/3/ra t ion 	 III, 320 
Spikes 	 III, 197, 285, 301, 330, 331 

" 	Effect of Passing 'I rains on    III, 329, 330 
" 	ltectangillar 	 III, 198 
" Wedge 	 111, 198 

Spiking 	 III, 211 
Damage to Ties by  	 ....I11, 213, 214 

Spiral Spring. Berth-Illustration, Plate If, , . . , . . ..1, 116-117 

PARE 
	II1, 351 

LL 

Evil Effects of 	  

Control of-by Brakes 	 I, 294 



314 	 GENERAL INDEX. 
PAGE 

Splice B2tr, An le-A. D. 1375-Illustration 	 III, 293 

	

1879-It iustration 	 III, 296 
44 	64 	

" 	a  " 1880-Illustration 	 III, 298 
44 	44 	" 	" " 1885-Illustration 	 HI, 303 
44 III, 262 " 	Double-A. D.1856-Illustration 	 
0 	64 	

" 	" " 1867-Illustration 	 HI, 209 
" 	Plain-A. D.1870-Illustration. III 289 
" 	Single-A. D. 1855-11tustration 	III, 261 

Bars.   	III, 285, 301, 341, 342 
" Insulated-Automatic Electric Block System, 
	 .1V, 283, 284 

" 	" Use of 	 III, 335-340 
" Frame-Illustration, Plate I 	 I, 68-59 

Splices 	 III, 215 
Split Switch-Illustration  	 III, 340 

" Switches 	 .....IV, 113, 114 
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Raising 	 III, 216 
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Repair of-Supplies Required for 	 VII, 106 
Right of  	 1V, 353 
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" -Meaning of Term 	 IV, 320, 321 

Signals.... 	 IV, 495-504 
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Stability of  	I, 233 
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Straight-Necessity of ..... .......... ..... 	1, 30  
Supervision of 	 11, 136, 211, 212 
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Tamping 	 III, 216, 217 
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" -Rules Governing 	 1V, 375, 376 
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Tools 	III, 257, 258 

Pa GE 
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" 	Requisitions for Material for 	 VII, 78  
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	 VII, 421, 422 
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" 	-Possibilities and Limitations of .......I, 395 
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" Value of Education to 	 I 129  

Tradesmen   
 .1 Traffic Accounts 	 IX

, 264
341 
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Cheap 	
48

, 
Carriage of-by Owners of Railways 	 

Classes of 	
VIII 55 

V, 354 

" -on Sunday 	  

4. 

Drafts for. 	  



44 

64 

64 

44 

U 

64 

44. 

46 

44 

44 

44 

44 

44 

66 

44 

44 

44 

64 

66 

44 

44 

4.  

44 

44 

41 

44 

14 

41 

350 	 GENERAL INDEX. 

PAGE 

Traffic, Classification of 	 II, 240; VIII, 307 
" 	"Coach i tig"-in England 	 V, 237 

Committee . 	  .. 	.11, 131 
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• Starting a    I, 113 

PAGE 
Traffic, Various Classes of Railroad 	 I  168, 169 

" 	-What It Will Bear. 	 VIII, 55 
T Rail, Boston & Worcester Railroad, A. D. 1850-Itlustra. 

Lion   	 III, 238 
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Uncoupling Engine from. 	 I, 376 
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Differences in Weight of 	 X, 185 
Disabled 	 IV. 368 
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Trains, Pushing 	 IV, 379 

	

" Record of Movements of 	 IV, 395 
Regular  	 IV, 76, 352 

" 	-Meaning of Term  	IV, 319 
Regularity of Movements of 	..1V, 82 

	

Regulation of....    IV, 71-79 
Relative Importance of 	 IV, 77 
Rights of 	. 	 IV, 77, 78 
Rough Handling of 	 1, 379 
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Rules and Regulations Governing 	 II, 14 
Safety Implements Carried on 	IV, 120 
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Signal Appliances on 	 .IV, 403, 404 
Special 	 IV, 78 

-Meaning of Term 	. ..IV, 321 
Speed of 	 I, 249, 295;111, 135; IV, 103 

" " -Effect on Rails 	  III, 276 
" " -in England 	 I, 170 
it 	" 	" Spain.   	 1, 174 
" " -Its Relation to Earnings . 	IV, 104 
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" " Suburban-Requirements of 	 1, 67 

Staple 	 IV. 73, 74 
Starting  	 IV, 379, 409, 423 
Stopping 	 IV, 378, 409, 422 
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" -Baggage of . 	 V, 409 
Switching 	 IV, 94-96 
Table of 	 1V, 71-76 
Time Interval Between 	 IV, 353, 354 
Through-Meaning of Term 	 IV, 322 
Value of Information in Regard to 	 I V, 11 
Vestibuled . 	  .... 	. I, 203, 204 
Wants of   	 V, 419 
Way-Meaning of Term 	 IV, 323 
Weight of 	 I, 295 

" 	"-Effect on Bridges and culverts 	III, 293 
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" Movement 	 IV, 384 
Wild  	 IV, 78 

	

-Meaning of Term 	 IV, 324 

	

" Wiring-for Electricity 	 IV, 177 
" Work 	 IV, 359 

Trainboy, The. (See also "Newsboy") 	 V, 418-423 
Training, Early 	 II, 81 
Trainmaster   	 H, 138 
Trainmen, Apportionment of Wages of. 	 VII, 510 

. I V. 330 

.IV, 257 
" 	Construction 	 111, 209 
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Trainmen, Duties of 	  
" 	" -in America 	

1Y,14, 400, 401; 1X 120 I  IT: 17 

Examinations of 	 IV, 304, 305, 329 
Freight-Duties of 	 1V, 409-415 
General Instructions to 	 1321-328 
Instructions to 	 1 969-376 
Keeping Time of 	 VII, 387 
Phrases Used by  	.IV, 314 
Requirements of 	  
Responsibilities of 	 IV, 
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Use of Uniforms by 	IV, 20, 409 
Watchfulness of  	IV, 307, 308 

Tram Rail, Surrey Railway, A. D. 1803-Rinstration 	111, 183 
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Roads 	 III, 111 
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Tramways   	 111, 178 
Transfer Cable 	 I, 254 
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" Stock, Form of 	 III, 90 

lL 	Statement of 	 IX, 257 . 	Table 	 I, 264, 272 
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Line  	 I, 439 
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" 	Poet-Illustration, Plate III 	.7, 170-171 
" 	Truss Rod-Iaustration, Plate II 	I, 116-117 
46 	 " 	" Seat-Illustration, Plate If 	 
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1, 116-117 
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Travel, Peculiarities of-in Different Countries 	I, 202 
" 	Piston 	 I, 382, 336 
" 	" -Illustrations 	I, 358, 359 a 	" -lts Effect on Braking Power 	 ..I, 356-361 
" 	Luxuries of. 	I, 148; V, 31 
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THE SCIENCE OF RAILWAYS. 

"Even the casual reader can not fall to remark the fertility and capacity 
of a mind whose observations have given him a mastery over such a mass of 
detail. Every railroad man who believes ills calling should have the dignity 
of a profession, owes to Mr. Kirkmait a great debt."—kathuay 7orgrnai. 

"The anthor has a great reputation. ills hooks are especially valuable to 
the profefodon."-7ournal of ate German Railway Administration Soddy. 

-There Is wit as well as wisdom in his hooka."-7otirnal rfIke Franklin 
Institute. 

"Should have a place in the library of every railroad man."—Bseala Even-
ing News. 

"Bear evidence of marked ability and polished style."—Ruihmtv World. 
"Sir, Kirkman is an authority in the highest sense on the matters treated 

In his works."—Bankers' Magazine. 
"Will prove useful to all, and secure for the author a place among his 

great nation's literary men,"—Railway Skeet and Official Gazelle, London. Elie. 
"Specific Information is intermingled with a great deal of general 

knowledge and philosophical comment, which makes interesting reading and 
suggests and instructs in a thousand ways,"--Railroad Gazelle of New York. 

"Useful to all who desire to gain some Insight into the arcane, of railway 
management ." —Iferapalh'* Railway yournal, London. 

"Aspiring men find in Mr. Kirkman's books much that is of value to them 
and to the companies they represetit"— The Railway Service Afontkly Magazine. 

"Mr Kirkman has won very high distinction as an expert and reliable 
authority in railway management."—Report of Gavernmenl Directors, Union 
Pardee Railway. 

-A comprehensive and systematic work on railway, railway building, rail-
way finance, railway management and railway operation . . . The whole 
work is  a, 4(K) I OSSA one."—IfaihMY Age. 

"Mr. Kirkratut's works are Interesting, instructive and practical."— Chicago 
EveningPost. 

"The most exhaustive and thorough production of its kind to be found in 
literature. It is Indeed scientific in method of treatment,"—Chkaga /nice 
Ocean, 

"The author's long experience, his great opportunities for acquiring 
accurate knowledge, his careful and thorough study of railway administration, 
make his hooks authoritative, studious, thoughtful and enlightened."—
Chicao Evening 'anent. 

-Should be added to the library of every banker and merchant. In the 
treatment of subjects connected with railway economy there can be no more 
useful guide.—New York ,Daity indicator. 

"Thoughtful and timely. Written iu a calm and judicial 
Herald. 

'Excellently written. Crowded with interest and in fortnation."—Amerkan 
Bookseller. 

"Anything that comes from his pen is as good as careful study of the sub-
ject and large capacity for comprehending it can make it."—The Railroader. 

"A writer of great force and ability, and a recognized authority."—Slaiian 
Agents' illiterzine. 

"Written with force. The author shows a thorough knowledge of the com-
plex questions involved."—Philadelphia Press. 

"Should be In the hands of every practical railroad man."—Beala 
Express. 

- "Mr. Kirkman is a recognized authority in America, and his views are ac-
cepted in England."—Commissioner of Railroads tar New South Wales. 

"It is something that every railroad man, regardless of his position in the 
service, should have."—D. L. CsAas, Editor Rai/road Trainmen's 'myna/. 

"The first attempt to treat the Immense field in a systematic manner and 
carry it through along sharply marked division lines. Mr, Kirkman has 
studied deeply into the subject."—Roadmnster and Foreman. 

"Valuable to any man in the railway service,"—Gsonos E. Gum Editor 
Trackman's Ballard, Charlotte. Mich. 
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