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PEREFACE.

There has been no time in the history of Locomotive
Engineering when the problems confronting the men who
manage and operate the railroads of this country have been
so important as they are at the present. It is true, in look-
ing back over the constructive period of the past, that great
problems were met with and enormous difficulties removed,
but in those days the objects to be attained, while equally as
important as those met with to-day, did not have the same
reference to constructive details, concentration of service, or
diminished cost of operation, as they have now. The prin-
ciples of construction and operation were such that many of
the finer details were lost sight of, in the effort to build a
road and operate it so as to meet satisfactorily the public
demands for continuity of service; but the increased sus-
tained speed of passenger trains, and the increased weight of
both passenger and freight trains, together with the compar-
ative scarcity of fuel and the increased safety demanded,
have led to the lowering of grades, the elimination of curves,
the introduction of newer forms of propulsion, the use of
various types of fuel-saving devices, and the installation of
elaborate signal systems.

At no time have the different types of locomotive con-
struction and the methods of repair and operation had the
search-light of investigation turned upon them as to-day,
when every new piece of apparatus which has the least indi-
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cation of reducing the total operating and maintenance
expenses is welcomed, and accordingly tried out in practice.
The costs of fuel, water, labor, material for locomotive
repairs, wiping, hostlering, washing boilers, inspecting and
dispatching, and lubrication, are all factors which enter into
the problem of economical railroad management, so that it is
to be expected that water-softening plants, increased facilities
for weighing and handling the fuel, new types of valve gears,
the use of mechanical stokers, feed water heaters and super-
heaters are attracting world wide aitention. While many of
these newer features of locomotive construction are still in
their infancy, they have had the sanction of many of the
head men of the largest railroad systems ; and while, perhaps,
some of these newer features may not stand the sustained
test of time, yet they are steps which indicate the path which
locomotive engineering will take in the future.

Among the various problems which are before the rail-
road world to-day, none are more important than the con-
struction of the kinds of motive power to be used on each
individual road. While the steam locomotive of course is,
and will no doubt continue to be, the standard form of
motive power on all railroads, yet there are conditions of
service which give the electric locomotive many advantages
over its steam rival; and no greater proof of this is evident
than that many roads are adapting it for various kinds of
service. Steam and gasoiine motor cars are also attracting
considerable attention, and are being used more extensively
on the branch lines of many roads where the service is of a
light character.

The newer types of balanced compound and Mallet
locomotives have given fresh impetus to the construction of
very heavy locomotives for both passenger and freight ser-
vice. With the balanced compound engines, experience has
shown that they not only give a greater economy, due to the
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long expansion of the steam, but that destructive influence
of the unbalanced reciprocating parts on the track and on
the engine itself is avoided. Results of several years service
of the Mallet Compound Articulated Locomotives have shown
them to be of considerable value in heavy slow freight ser-
vice, and that in them the high power heavy electric locomo-
tive has a rival in the number of tons of freight which can
be handled and in the economy of operation and repairs.

In the following pages all of the above subjects have
been considered with the idea of bringing to the attention
of every locomotive engineer the various problems of steam,
electric and motor car propulsion. There are various chap-
ters on the duties of the fireman, the management of engines,
different types of locomotives, boilers and valve gears, with
instruction as to their repair and maintenance. Mechanical
stokers, feed water heaters and superheaters are described,
and there are several chapiers on locomotive accessories,
electric railroading, and block signal systems. The sub-
ject of the air brake is one of the most important chapters
in the book, in which will be found a description of the
latest types of air brakes in actual use, together with air
brake and train air signal instructions as adopted by the
latest convention of the American Railway Master Mechanic’s
Association. Methods of handling coal and ashes, and
methods of handling and softening the feed water, are two
subjects of very present importance in the operation of all
large railroads, and each is made a chapter of individual
study.

All the subjects in the book have been handled directly
from the practical standpoint, and all historical matter and
description of old and useless types of apparatus and methods
have been eliminated, as it has been considered that while
we must all bow our heads to the many inventors and inven-
tions which have made our twentieth century progress attain-
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able, yet at the same time the scope of the field of engineer-
ing is so great that the importance of understanding the
various types of apparatus and methods in use far over-
shadows what has been dene in the past; consequently, all
reference to history and antiquated types of apparatus has
been avoided, except in several cases where it has been
found advisable to mention briefly the development of a
given subject. This will be found to be true in the chapter
on valve gears, where some of the older types of valve gears
which were used on older locomotives are briefly described.

To the railroad man whose interest lies in the shops,
there are chapters on sheet metal work, forge practice, con-
struction and designs of boilers, the boiler shop and the lay
out of plates, machine shop work, measuring instruments,
the milling machine and its uses, tool making, ete.

To the student who wishes to study the fundamental
problems of locomotive design and construction, there are
chapters on the principles of locomotive engineering; mechan-
ical drawing, heat, fuels and combustion, the steam engine
indicator, etc. A chapter is also devoted to the important
consideration of the use of crude oil as a fuel, in connection
with its extensive use on railroads in the West.

In compiling these books, the thanks of the authors are
extended to the various manufacturers of railroad equip-
ments, for their kindness in supplying us with the latest data
and illustrations pertaining to the newest types of apparatus
in use on the railroads, particularly the American Locomo-
tive Company, The Baldwin Locomotive Works, The Lima
Locomotive and Machine Co., The Link Belt Engineering
Co., The Union Switch and Signal Co., The General Elec-
tric Co., The Westinghouse Co., The Kennicott Water
Softener Co. and many others. Much valuable information
has been obtained from the proceedings of the American
Railroad Master Mechanic’s Association, The Traveling
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Engineer’s Association, the American Engineer and Rail-
road Journal, and Railway and Locomotive Engineering.

In fact, no research nor expense has been spared in
making these books at once a reference library for the rail-
way engineer, a text-book for the student, a book of instruc-
tion for the locomotive engineer and fireman, and a valuable
aid to the thousands of men who work in and around rail-
way shops and round-houses. In view of the success of the
two other works written by the same authors, namely, Prac-
tical Shop Work and Practical Engineering, it is hoped that
these books will meet with the same approval in the locomo-
motive engineering field.

Tue AvrHors.



LOCOMOTIVE COALING STATION AND ASHES HANDLING PLANT

Located on the Erie Railroad at Port Jervis, N. Y. Coal Capacity, 2,500 Tons,

Ash Pocket Capacity, 120 Tons

(Link-Belt Company)
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Locomotive Engineering

PROBLEMS OF ECONOMICAL OPERATION.

A locomotive, in the elementary sense of the term, is a ma-
chine used for imparting velocity to a train. The steam locomo-
tive uses the potential energy of coal or other fuel in the produe-
tion of the impelling or tractive force required to overcome the
resistance of the train.

In the transformation of energy from the fuel to the train,
there are four steps which are required: 1, the combustion of
the fuel; 2, the production of the steam; 3, the utilization of the
steam ; 4, the traction effort produced by the driving wheels.

Rate of Combustion. (oal and oil are the two most impor-
tant fuels. Weight for weight, oil is nearly twice as efficient as
coal; but in the majority of localities coal is less than half the
price of oil, and is therefore the more economical fuel. To ob-
tain the most efficient results with coal, it must be burned at the
proper-rate, which will depend upon the quality of the coal. If
the rate of combustion is too low, there are likely to be losses from
excess air and lack of efficient combustion by reason of the fire-
box temperature being too low. If the rate of combustion is too
high, the draft will carry off a large percentage of the smaller
coal unburnt. The most desirable rate of combustion of bitumi-
nous coal under the average serviece condition is about 100 pounds
of coal per square foot of grate per hour.

Heating Surface. A part of the heat thus produced by the
combustion of the fuel is-transferred, by radiation from the fire
and by convection of the heated products of combustion, to the
heating surface. The heat being thus absorbed by the water con-
verts it into steam. A boiler of the regular locomotive type will
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GREAT NORTHERN RAILROAD
(Baldwin Locomotive Works)

MALLET ARTICULATED TYPE OF COMPOUND ENGINE USED FOR HEAVY FREIGHT SERVICE ON THE




