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Revised and Enlarged Edition of

“THE SCIENCE OF RAILWAYS.”

PUBLISHERS' NOTE.

The great and increasing demand for *The Science of Railways" due to
its popularity with all ¢lasses of railway men, encouraged the author, after
seven editions had been exhausted,to revise the work and enrich it by new and
important bhooks and treatises on various subjects connected with railways;
among others by—

A detailed and carefully illustrated account of the Origin and Evolution
of the Locomotive;

A portrayal and concise Manual of the Locomotive, for the information
and guidance of beginners and others interested in such matters;

A detailed treatise on the Compound Locomotive, fully illustrated;

An account of the Manufacture of Engines and Cars;

An exposition of the Equipment of Different Countries;

A treatise on the Arrangement of Railroad Shops and Round-Houses, and
the Care and Maintenance of Equipment;

An exhaustive and scientific account of the Workings of the Air Brake;

Treatises on Permanent Track Signals and Interlocking, as practiced on
American railroads;

An exhaustive and scientific exposition, copiously illustrated, of the
Workings and Appliances of Electricily and their adaptation to General
Railway Purposes.

Organization of Equipment Department.

Engineers' and Firemen's Manual,

“Phe Seience of Railways' has been further improved and enlarged by
new chapters on the Civil Service of Railways, Financing, Fiscal Affairs,
Construetion, Operating, ete., ete,, ele. Many other details of interest and
importance conforming to present practices in connection with the Creation
and Administration of Railroads, have also been added to the work.

The illustrations of primitive carringe seattered throughout each hook
of the early editions have, in this edition, been confined wholly to one
volume, and while the number has been reduced (to give place to more
practical matter) the yolume in question containg over four hundred beautiful
Engravings illustrative of Primitive Means of Trangportation in every age and
quarter of the globe. These, with the literary matter that aceompanies them,
portray in the most vivid and picturesque manner possible the Primitive
Peoples of the World, and the successive steps by which transportation has
been led up to its present high plane.

The binding, type, paper, and arrangement, it is proper to say, have also
been improved and beautified to conform to the increased interest and per-
maneney of the work. It has been further adorned and enhanced in value
by the additionof seven hundred engravings (not embraced in the early editions)
deseriptive of Railway Appliances. These engravings have been prepared
expressly for this work by the author, and no expense has been spared to
beautify and perfect them.

Such are concisely some of the Improvements which have been made in
“Phe Seience of Railways” since the issuance of the firstseven editions.The
original work everywhere met the commendation of railroad officers,
employes and owners, For this reason the publishers feel assured that the
Revised and Enlarged Edition, retaining as it does all that was good in the
first issues, with so muech that is new and valuable in the enlarged work, will
be enhanced in value still further in the estimation of those for whom it is
written.

RAILWAY EQUIPMENT.
INTRODUCTION,

This volume forms a part of “Tue ScieNce
or Ramways.” I embody it as a part of “Tue
ScreNce oF RaiLways” because 1 know of no
good reason why engineers and firemen and
others connected with the machinery depart-
ment of railroads should not desire to know
something about railroads generally, as well
as others in the service. Certainly, no body of
men offers better material to select from in
choosing the officers of railroads, provided they
study the subject of railroading as a whole.
The preparation of this volume occupied many
months, and during that time the author sub-
mitted it for approval and revision to many men
of eminent talent and great experience in connec-
tion with railway equipment and machinery In-
deed, throughout the preparation of the volume,
he actively sought the aid and advice of experts
in such matters, so that he might confidently
offer to the reader something worthy of con-
sideration in that connection. The engravings

the volume contains have been prepared ex-
)



vi RAILWAY EQUIPMENT.

pressly for it, and so elaborate and costly are
they that it is no exaggeration to say that
nothing so extended has ever before been at-
tempted in connection with any railway pub-
lication of this character, nor can more be
desired by those studying the subject as rail-
road men. In view of these facts, and because
of the valuable aid and assistance the author
has received, he begs to offer the voiume to
railway men, and to respectfully dedicate it
to them.

Chicago, January, 1900.

INTRODUCTION TO THE REVISED AND
ENLARGED EDITION OF “THE
SCIENCE OF RAILWAYS.”

I do not set out to write an exhaustive account
of railway affairs, but rather to discuss those
things which every railroad man may reasonably
desire to form a part of his knowledge, if not of
his experience. In the early history of railroads
ignorance was general. - This is no longer the
case. Railway men now recognize that they
must not only know thoroughly the particular
work assigned them, but have more than a cur-
sory knowledge of the duties of others. No man’s
experience is, in itself, wide enough to command
this knowledge, and it is the object of this work,
the result of forty years’ practical experience and
extended research, in some measure to supply.

The ancients believed the world ended where
their vision ceased. Beyond was nothing; a void,
simply. And so it is with ignorant men. They
are insensible to the value of knowledge; to the
accumulated experience of mankind. It lies
beyond their vision or comprehension. Its inval-

uable treasures are to them as if they were not.
@



8 INTRODUCTION.

Not only this, but they resent knowledge in oth-
ers. In the early history of railroads, books and
treatises on the subject were angrily rejected by
practical men, and the writers thereof held up to
contumely. Fitness was based solely upon indi-
vidual experience; upon the kaleidoscopic views
of the needs of railroads which began and ended
with particular persons. This is no longer the
case. To-day knowledge in regard to railway
operations is sought wherever it can be found.
Men no longer rest content with their own
experience. Books and treatises, which would in
earlier days have been ridiculed or angrily re-
sented as an impertinence, no longer irritate the
egotistical nor excite ountward expression of aver-
sion, upon the part of the obdurate and narrow-
minded. Because of this spirit the railway world
is ceasing to be a benighted region wherein men
grope about in semi-darkness—the blind leading
the blind. Its votaries are not only enlightened
and tolerant, but anxious to avail themselves of
the knowledge and experience of others. This
spirit grows so rapidly that we may confidently
look forward to the time when it will be every-
where recognized as necessary that railway men
shall not only possess personal experience and
skill, but also familiarity with the skill of others.
Then an officer or employe, instead of being a

INTRODUCTION., 9

mere speck on the railway horizon, will be a
center of light, familiar not only with his own
department of work, but, in a general way, with
the whole railway world. Thus his mind will be
liberalized and his intelligence strengthened and
deepened.

Railways are still in a state of evolution, and
continue to take on each day the complexion of
those who operate them. Every thing in which
man is interested, like himself, advances or re-
cedes. There is no stationary period. This is true
of railroads. At this time they are on the up-
ward plane. That which seems perfect to-day is
bettered to-morrow. So that since the first edi-
tion of “Tar Science oF RarLways” was issued,
in 1894, I have found it necessary to re-write
much of it and otherwise add greatly to the
matter it contains. When the work was first
issued it did not appear especially deficient to
me in any department, but further investigation,
more careful study and greater experience, coup-
led with the progress which railways have made,
made it appear to me very deficient in some
respects. Accordingly, I took up the subject
anew.

Railroads had their origin in the locomotive
and the cars which it hauls, together with the
machinery department organized for their con-
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struction and maintenance. These, as a whole,
constitute the primary elements of the railroad
world. A great defect in the early editions of
this work was my failure to give the equipment
and machinery departments the careful and ana-
lytical consideration they merited. This defect I
now seek, and I trust, in a measure successfully,
to correct. 1In this revised and enlarged edition
several books, wholly new, are devoted entirely
to the discussion and portrayal of this phase of
the subject. They take it up from a standpoint
which has been little discussed, and so conscien-
tiously has the matter been prepared and so erit-
ically scanned by scientific and practical men
that I am assured it will command the attention
of men of the highest attainments in such mat-
ters. The new books will, it is hoped, commend
themselves to the vast army connected with the
machinery and equipment department of rail-
roads. The books are not exhaustive, but prac-
tical and discursive. To those connected with
other branches of the service they will be valu-
able as throwing light on a department about
which it is difficult to gain practical information,
but about which snch information is necessary
because of the intimate and vital association of
the machinery department with other depart-
ments of the service. I have striven to treat the

INTRODUCTION. 11

subject in a manner which will commend it to
railroad men as fully as other portions of the
work seem, by their testimony, to have met their
approval.

The new matter may be partially summarized
as follows: Evolution of the locomotive; descrip-
tion of the locomotive; the locomotives and cars
of the world; the manufacture of locomotives
and cars; the machinery department; the care
and maintenance of locomotives and cars; con-
struction and operation of the air-brake; elec-
tricity and its laws and practicable application
as a motive power for railways; organization of
equipment department; manual of engineers and
firemen. In addition to these subjects now for
the first time extensively treated in “Tar Screxce
oF Rarmways,” many other important and vital
additions have been made to the work.

Wherever practices as portrayed in the first
edition have been modified by subsequent
changes, or the description has been found defic-
ient, it has been my aim as new editions of the
work have been issued to supply the deficiency.
Among important subjects that have been elab-
orated in the new editions, not enumerated above,
the following may be mentioned: Opportunities
and requirements of the civil service of railroads;
train service; details of track; car wheels; light-
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ing cars; heating cars; fiscal affairs, financing,
ete. In every instance where improved practices
or more careful study have suggested changes,
they have been made.

The illustrations and chapters on Primitive
Carriers, which were scattered through the work
in the first six editions, have been concentrated
in one volume. They may thus be quickly and
easily scanned without in any way interrupting
the more serious theme of the work. The pictures
of primitive carriers, while reduced in number,
are still of surpassing beauty and attractiveness,
and sufficient in number and careful selection to
be thoroughly representative of primitive carriage
in every age and part of the world. On the other
hand, the literary account of primitive people, as
associated with primitive carriers, both of our
age and of the ages which have preceded it, has
been greatly added to in interest in the enlarged
edition.

While the engravings representing primitive
forms of carriage have been restricted to such as
are valuable from an artistic and practical point
of view as illustrating the forms of carriage that
lead up to railway transportation, the author has
added seven hundred engravings representing the
highest known forms of transportation. The
value of these to railway men can not be over-
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estimated, as with the text accompanying they
form a panorama of the physical machinery of
railroads of the greatest practical value and
interest.

And in this connection it is proper to say that,
while I make much of the new matter in the
revised and enlarged edition, T do not wish to
imply that I consider it more important than
other and older portions of the work. 1 am led,
however, to refer particularly to the new matter
because it is here that the work has, by some,
been claimed to be deficient. I have never heard
similar criticism of it in regard to other depart-
ments of the service of which it treats. The new
matter simply rounds out what was before lack-
ing, and makes the work, as a whole, more nearly
conform to what [ desire it to be; namely, an
exposition of THE SCIENCE OF RAILWAYS.



CHAPTER 1.

EVOLUTION OF THE LOCOMOTIVE,

bty [ |} genius of the railway system lies
in the locomotive; hence I make it
the theme of my opening chapter.
The pulsations of its heart carry to
and fro the commerce and travel of
the world, just as the action of the
human heart sends the blood coursing back and
forth through the body. It is for the moment
the consummation of man’s highest achievements
and desires in this direction. His labors and
speculations on the subject antedate our time by
many hundreds of years, but not until the nine-
teenth century did his inventive genius sift from
the myths of speculative fancy something he
could control and direct at will; something in-
sensible to labor and pain, and that could be
made to carry the burdens before borne by him
or his willing agents—the animals.

A history of the locomotive, however brief or
imperfect, like all histories, is more valuable for
the suggestion it affords thoughtful men than for
the mere power to satisfy the curiosity of the
multitude.

So many functions have grown up about the

operation of railways, we constantly forget that
(1)

AN 7%



16 RAILWAY EQUIPMENT.

the spark of life lies in the locomotive; that its
fire warms the blood and is the cause of all the
animation we see about us. The theme is one
to execite admiration, and can not be considered
mechanically. The conception, purposes and
achievements of the locomotive must, each in its
turn, be familiar to the engineer in order that
his sympathies may be excited and his genius
inspired. Without such inspiration how can
he fully fathom its mysteries, comprehend its
possibilities or aid in achieving its great future?
To understand its mechanism or fathom its
future he must have traced its growth. In order
to go forward he must first be imbued with
the inspiration of what has already been done.
It is never enough in a world so great as that
of railways, that men should comprehend only
the mechanical thing; they must also under-
stand its philosophy. It is for this reason that
in deseribing the locomotive I preface what I
have to say by an account of its origin and
growth.

The discovery of the locomotive is, as a whole,
the greatest achievement of man in the art of
carriage. He speculated for many centuries on
the utility of steam, but it remained for Trevi-
thick, of our day, to demonstrate its ability to
haul a load across the country and perform other
acts of drudgery that before seemed incredible.
With its introduction the horse and the ox
henceforth became local incidents of carriage
merely, and no longer factors.

EVOLUTION OF LOCOMOTIVE. 17

Who first discovered the possible value of
steam we are not informed, but we know that
as far back as one hundred years before the
Christian era a more or less ingenious machine,
operated by steam, had been constructed at Alex-
andria, Egypt, by Hero. It is clear that he under-
stood the expansive power of steam and its
possible utility. The advanced position he took,
and the treatise he wrote on the subject, suggest

Newton's Experimental Engine. 1680,

that many experiments and cogitations of others,
before his time, found expression in him. Dis-
coveries of this kind do not spring full-fledged
into existence, but are created little by little, and
thus nurtured and grow.

Nothing of a useful nature grew out of Hero’s
speculations, and it was not until the seventeenth
century that the practical value of steam for pur-
poses of carriage assumed tangible form. In 1680

Newton sought to invent a machine by which
2 Vol. 1
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the reactionary force of steam upon the air
would propel the vehicle forward. His experi-
ments, however, were not satisfactory. In 1769
Cugnot, an officer of the French army, invented a
steam-propelled vehicle with three wheels. The
front supported a frame which carried a steam
boiler and other appliances. The machine was
steered by a lever from the platform. The driv-
ing wheel was of wood; it was tired with iron,
and about four feet in diameter. Cugnot is said
to have been the first to apply the high pressure

_ NG| .
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Cugnot's Steam Carriage. 1760,

or non-condensing engine with cylinders and pis-
ton to the production of rotary power, as well as
to utilize steam for purposes of land locomotion.
The limited size of the boiler of his engine, coup-
led with other defects, rendered its use imprac-
ticable. The first attempt to utilize steam for
propelling carriages in America was made by
Nathan Read of Salem, Massachusetts, in 1794,
He is credited with having constructed the first
multitubular boiler. The tubes were placed ver-
tically. The forward wheels of the machine were
placed on a swiveling axle, operated by a hand

EVOLUTION OF LOCOMOTIVE. 19

wheel attached to a large sheave over which a
rope was placed, the ends being attached to the
axles. His engine was designed to travel only in
one direction.

With the needs of the commercial world came
the perfected locomotive. Forms of government
had become fixed and, with them, the internal
commerce of the world was rendered measurably
secure. Trevithick’s discoveries made the loco-

(Y L
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First Multitubular Boiler, Read’s Sleam Carringe. 1791,

motive practicable, but it was not until twenty-
seven years afterward that the attention of the
world was attracted to it and its possible future
usefulness. It resulted from this neglect that
when the subject was finally brought forward
the person who happened to be immediately con-
nected with the awakening was singled out as
the central figure and hero of the event. And it
follows from this chance association that George
Stephenson will for all time be generally believed
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to have been the inventor of the locomotive and,
therefore, the father of the railway system, in-
stead of Trevithick.

From the accounts which have come down to
us, it appears that in 1803 (twenty-seven years
before Stephenson opened the Liverpool and
Manchester railway with its procession of
engines) Trevithick constructed a steam loco-
motive designed to run on a cast iron tramway.
He was a man of much practical experience and
singularly receptive intelligence. He conceived

First railway train in the world. Trevithick's engine. 1803. The driving
wheels are operated by cogwheels, directly connected thereto, The rails were
smooth, as were also the tires of the wheels.
what had before been disputed, namely, that a
smooth wheel acting on a smooth rail had the
necessary adhesion to draw a load proportionate
to the weight placed on the wheels and the
power of the machine. This weight the attend-
ant boiler with its load was intended to supply.
In constructing his locomotive, the steam from
the eylinder was made to escape through the
chimney. This happy conception, whether its
results were anticipated or not, created a strong
draught, and it followed therefrom that one
great object, namely, a good fire with which to

EVOLUTION OF LOCOMOTIVE, 21

create steam, had at last been achieved. This
simple expedient solved, in a measure, the prac-
ticability of the use of steam for purposes of land
carriage.

Trevithick employed high pressure steam.*
His locomotive contained every essential feature
of the present machine, but was, upon trial,
unfortunately, found to be more expensive to
operate than horse power, and thus not a com-
mercial success. This defect, fatal from a prac-
tical point of view, seems to have chilled his
ardor, otherwise we should have expected him to
continue his experiment until this obstacle, a
matter of detail merely, should have been over-
come. Nothing further
appears of a practical |
nature in connection §
with the locomotive un- §
til the advent of John §
Blenkinsop, in 1811, §lis
when he put Matthew f
Murray to work to con- S
struct a locomotive that |
would haul coal over
his railroad, or tram- ezFrssesFrainin
way, betweon Middlo: gy b ol ol
tOll a..[ld Leeds, three notched as shown.
and a half miles. In consequence of the severe

'ﬁg@w“
'@

*In this connection it is proper to say that high pressure
steam is the only form used in connection with the locomotive,
save in the case of compound engines, in which case the use of
the steam the second time may be termed low-pressure,



22 RAILWAY EQUIPMENT.

gradients on the line, a notched or rack rail and
a cog wheel were used. A trial of this machine
was made in August, 1812, and, having been
found to be an economical as well as a mechan-
ical success, it was continued in operation.
During this interesting period many other
experiments were being carried on, but, while
they afforded much valuable information, were
not in the main successful. In 1812 the
locomotive known as the “Puffing Billy” was

“Pufling Billy.” 1813. The so-called rails on which the engine stands, it
will be noticed, are little more than plates, and itis from this fact that the
trackmen of England are to-day still called plate-layers. This pieture is an
original, teken from the locomotive now at the Field Columbian Museum,
Chicago., Many of the other illustrations in this volume are similarly taken
from originals, or models thereof. All are perfect representations of the
things they depiet,

EVOLUTION OF LOCOMOTIVE. 23

constructed by a Mr. Blackett, proprietor of the
Wylam Colliery. William Hedley, one of his
employes, assisted him. They used a smooth
rail and wheel, demonstrated by Trevithick to
be practicable. Blackett’s locomotive, however,
when put in operation in February, 1813, was
found not to be entirely successful because of
the difficulty of making steam.  Afterward,
however, in May, 1813, when rebuilt and the
exhaust had been carried into the smoke stack,
as devised by Trevithick, the difficulty was found
to be overcome, and the locomotive proved to be
a perfect success, financially and mechanically,
and was continued in operation for many years.
Blackett’s locomotive was called “Puffing Billy,”
because of the noise made by the two pipes
which carried the steam from the cylinders into
the smoke-stack. The noise occasioned by this
locomotive and the cars it hauled greatly dis-
turbed the quiet folks who dwelt in the neighbor-
hood; indeed, they went so far as to claim that
it vitiated the lease of the land to the railroad
company. However, eventually, *“ Puffing Billy”
ceased to scare the cattle and distract the minds
of the people on the line and so the railroad was
allowed to stay.

During the same year a second locomotive was
built by Blackett for use on his line. In con-
strueting his machines, however, due regard was
not paid to the weight of the rail on which they
were to run, and so it was found necessary to
substitute for the four rigid wheels on which
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