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PREFACE TO THE TWENTY-THIRD EDITION 

THE first edition of Locomotive Engine Running and 
Management was published in 1885, thirty years ago. 
Many important changes have been made on the de-
sign and operation of the locomotive and its attach-
ments in these thirty years, and in my opinion the 
time had arrived for a thorough revision of the book 
which is now offered to the railway world as practically 
a new book suitable for meeting the needs of modern 
practice. The changes on air-brake mechanism have 
been revolutionary and a section on electric mechanism 
has been added to meet the development of that art. 

Locomotive Engine Running and Management has 
been an intellectual ladder which many ambitious men 
have climbed on their way to higher positions than those 
enjoyed in train service. The author cherishes the hope 
that the revised edition will prove as helpful as those 
which have gone before it. 

In connection with the publication of the twenty-
third edition I wish to acknowledge valuable assistance 
from Mr. George W. Kiehm, the well-known expert on 
Air Brakes, who wrote the chapter on that subject, 
which is entirely new; to Mr. James Kennedy, who 
rendered valuable help on the Valve Motion chapter; 
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and to Mr. Harry A. Kenney, whose help was invaluable 
in the production of the whole book. 

ANGUS SINCLAIR. 
NEW YORE, 

July I, 1915. 

PREFACE 

WHILE following the occupation of a locomotive 
engineer, I often observed peculiarities about the 
working of my engine, while running, that I did not 
entirely understand. As I was perfectly aware, even 
before making my first trip on a locomotive engine, 
that there is no effect without a cause, I never felt 
satisfied to accept any thing as incomprehensible 
without investigation, and fell into the habit of noting 
down facts about the working of the engine, with the 
view of studying out, at leisure, any thing which was 
not quite clear. When, some years ago, I abandoned 
engine-running to take charge of the round-house at 
the mechanical headquarters of the Burlington, Cedar 
Rapids, and Northern Railway, in Iowa, the practice 
of keeping notes was continued. The work connected 
with the ordinary repairing of running-engines, the 
emergency repairing executed to get engines ready 
hurriedly to meet the traffic demands on a road then 
chronically short of power, and diagnosing the nu-
merous diseases that locomotives are heir to, provided 
ample material for voluminous notes. Those notes 
formed the raw material from which this book was 
constructed. 

V 
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The original intention was, to publish a book on 
Locomotive Engine Running alone, and the first por-
tion of the work was prepared with that idea in view; 
but, before the articles were finished, I joined the 
editorial staff of the American Machinist. The cor-
respondence in the office of that paper convinced me 
that an urgent demand existed, among engineers, ma-
chinists, and others, for plainly given information 
relating to numerous operations connected with the 
repairing and maintenance of locomotives. To meet 
this demand, the chapters on " Valve-Motion "'and all 
the succeeding part of the book were written. Most 
of that matter was originally written for the pages of 
the American Machinist, but was afterwards re-ar-
ranged for the book. 

In preparing a book for the use of engineers, fire-
men, machinists, and others interested in locomotive 
matters, it has been my aim to treat all subjects dis-
cussed in such a way that any reader would easily 
understand every sentence written. No attempt is 
made to convey instruction in any thing beyond ele-
mentary problems in mechanical engineering, and all 
problems brought forward are treated in the simplest 
manner possible. 

The practice of applying to books for information 
concerning their work is rapidly spreading among the 
engineers and mechanics of this school-spangled coun-
try; and this book is published in the hope that its 
pages may furnish a share of the needed assistance. 
Those men, who, Socrates-like, search for knowledge 
from the recorded experience of others, are the men 
who, in the near future, will take leading places in  

our march of national progress. To such men, who 
are earnestly toiling up the steep grade of Self-help, 
this book is respectfully dedicated. 

ANGUS SINCLAIR. 
NEW YORK CITY, 

JUL. I, £885. 
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LOCOMOTIVE ENGINE RUNNING 

CHAPTER I 

STEAM AND MOTIVE POWER 

DEFINITION OF A STEAM ENGINE 

A STEAM ENGINE is an apparatus through which the 
potential heat energy of fuel, combining with oxygen 
from the atmosphere, is transformed into mechanical 
work. Physically it is a machine whereby the poten-
tial or latent energy of fuel is caused to manifest itself 
in molecular motion or heat, and is eventually converted 
into that form of external and actual energy known as 
motive power. 

The transformation includes three leading processes: 
x. The combustion of carbonaceous fuel and the 

development of heat therefrom. 
2. The transfer of this heat from the material prod-

ucts of combustion to water and the consequent con-
version of the water into steam. 

3. The expansion of this steam against external 
resistance and the production of motive power. 

The term steam engine in its most comprehensive 
sense includes all of the appliances used in producing 
and utilizing the steam. 
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The locomotive is an engine so designed that the. 
power produced by heat is employed in the transporta-
tion of passengers and freight from one place to another 
on land. The principal parts of a locomotive-are the boiler 
employed to generate steam, and the cylinder and piston 
used to transform the force of steam into motive power. 

THE LOCOMOTIVE BOILER 

Many forms of locomotive boilers have been tried, 
and the most common form of boiler has survived, 
because it has proved itself better adapted for the 
work to be done than any other. It is a horizontal mut-
titubular boiler, consisting of four main portions—that 
is, the barrel, which is the principal part and has as 
attachments, the fire-box and the smoke-box. The 
fire-box consists of two parts, the outer shell and the 
inner fire-box. In this inner fire-box, which is usually 
an oblong box, are steel sheets about 1,5g  inch thick, at 
the bottom of which the grates are secured for carrying 
the fire. Between the inside and outside shell of the 
fire-box are spaces about si inches wide for the free 
circulation of water, the inside box and the outer shell 
being tied together by stay-bolts. 

In the front of the fire-box is a tube-sheet on which is 
secured a set of flue-tubes, that extend to the front 
end of the boiler and are then secured in another tube-
sheet. With ordinary sized locomotives, these flue-
tubes, which are generally 2 inches diameter, number 
about 200 and are about 18 feet long. The water inside 
the boiler circulates around these tubes through which 
the fire gases pass to the smoke-box, thence into the 
smoke-stack. 

The pipes that carry the steam away from the cylin-
ders after it has done its work end in an exhaust-pipe, 
set central with the smoke-stack, through which the 
exhaust steam is passed into the atmosphere. The 
escaping steam passes through the smoke-stack at high 
velocity and sucks the gases of combustion through fire 
and flues. The intensity of this draft is regulated to 
some extent by the size of the exhaust-nozzle em-
ployed. 

Two important elements are requisite in the design 
of a locomotive boiler. They are strength and light-
ness. The boiler must be sufficiently strong to with-
stand the shocks and strains resulting from carrying 
steam of high pressure, and it must be as light as cir-
cumstances will permit, having to be carried over 
uneven track frequently at high speeds. 

Besides these two considerations of strength and 
lightness, the boiler must be designed to secure complete 
combustion of the fuel, without permitting excess of 
air that wastes heat. To effect that, means must be 
provided to maintain the fire-box temperature as high 
as possible. 

The heating surfaces must be so arranged that the 
heat generated will be absorbed by the water without 
unnecessary obstruction to the draft. The form of 
the boiler must be such, that it may be constructed 
without mechanical difficulties or excessive expense. 
It must also be durable under the action of the hot gases 
and of the corroding elements acting upon its parts. 

Sound designing requires that alI parts of the boiler 
be made accessible for cleaning and repairs. Also that 
every part be as nearly as possible uniform in strength 
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and in liability to loss of strength, wear and tear. All 
first-class locomotive boilers possess these qualities. 

Nearly all modern boilers are made of steel, but 
locomotives built for foreign railways have copper 
inside fire-boxes. The fire-box sheets outside and inside 
are united to a stout bar, conforming to the shape of 
the fire-box, called a foundation-ring or more commonly 
a mud-ring. 

All flat surfaces of the boiler are strengthened by 
means of stay-bolts or braces to resist the pressure. 
Seams and joints are caulked by having a blunt tool 
hammered along the edges of the plates. This process 
turns in the edge of the plate and makes the joints 
steam or water tight. The crown of the inside fire-box 
being flat or arched, has to be secured to the outer 
shell by means of stay-bolts. Crown-bars were formerly 
used for this purpose, but stay-bolts are now almost 
universally employed. In the illustrations of a boiler 
used in this book crown-bars are shown, but they are 
passing out of use. 

TECHNICAL EXPRESSIONS 

In the course of this book, it will be necessary for me 
to use technical words which may be strange to the 
readers, so I shall give a few definitions. 

Heat unit represents 778.3 .foot-pounds of work and 
is the quantity of heat necessary to raise r pound 
of water, slightly above the freezing-point, r degree 
Fahr. 

Boiler pressure is the pressure shown by the steam 
gauge, and is 14.7 pounds higher when reckoned from 
vacuum. 

Absolute pressure is the steam pressure reckoned from 
vacuum. 

Mean effective pressure is the average pressure pushing 
the piston during the entire stroke in one direction. 

Unit of work is the foot-pound, or r pound raised x 
foot. 

Horse-power is 33,000 pounds raised r foot per min-

ute. 
Saturated steam is steam containing just sufficient 

heat to hold the water as steam. 
Superheated steam is steam holding more heat than 

that needed to keep it vaporized. 
Latent heat of steam is the quantity of heat expressed 

in heat units, required to vaporize water already heated 
to the temperature of the steam into which it is to be 
converted. 

CONVERTING WATER INTO STEAM 

A satisfactory boiler being provided, it is edifying 
to study what happens in the process of converting 
water into steam. 

To comprehend clearly all the processes in the genera-
tion and application of steam, it is necessary to observe 
the standard of heat measurement, which is as already 
mentioned 778.3 foot-pounds, known as the Thermal 
Unit. 

To illustrate and explain the working of the locomotive 
engine, the first part of the subject can be made plain 
by following the process of converting water into 
steam. Suppose we place z pound of water in a ves-
sel convenient for measurement and applying heat, 
record the events of a cycle, similar to that which 
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steam makes in passing through the boiler and cylinders 
of a locomotive. Let us place the water at a tempera-
ture of 32°  Fahr. at the bottom of a glass tube of indefi-
nite length, open at the top, and having a cross-sec-
tional area of 1 square foot-144 square inches. At 
the freezing-point, r pound of water measures 27.7 
inches, therefore the volume we are going to experiment 
with will cover the level bottom of the tube to a depth 
of .1923 inch. If we now apply the flame of a spirit 
lamp, or other source of regular heat, to the tube be-
neath the water, the temperature will rise until 212°  
Fahr., the point at atmosphere pressure, is reached. 
The water will then be gradually evaporated into 
steam, but the temperature will remain the same until 
vaporization is completed. If it took ten minutes for 
the heat of the flame to raise the temperature of the 
water from 32° Fahr. to 212°  Fahr. the boiling-point, 
it would take nearly fifty-five minutes longer before 
the whole of the water would be converted into steam, 
and the thermometer would show no alteration of 
temperature. It takes nearly 51 times the quantity 
of heat to evaporate water that it takes to raise it 
from the freezing- to the boiling-point. 

When this phenomenon was first discovered, investiga-
tors used to say that the heat became latent, a vague 
expression. The explanation is now given that the 
extra heat had been expended in tearing the particles 
of the water apart. 

When the heat was applied beneath the tube, the 
power of the flame was first devoted to raising the 
temperature of the water, and 18o heat units were ex-
pended in this manner, increasing the temperature  

from 32° to 212° Fahr. The heat continues to pass 
into the water and steam is gradually formed, boiling 
goes on and when the last drop of water has been evap- 
orated 966 heat units, besides that used to heat the 
water, having been expended, making a total of 1146 
heat units, which is known as the total heat of vaporiza-
tion. The degrees of heat that have been insensible 
to the thermometer, viz., 966 heat units, is spoken of as 
the latent heat of steam at atmospheric pressure. 

Steam generated in the way described, where only 
sufficient heat is applied to evaporate the water, is 
called saturated steam. Saturated steam contains 
just sufficient heat to maintain the vaporous condition, 
and the smallest subtraction of the heat causes the steam. 
to return to water. 

If heat had been continued to be applied after the 
water was all evaporated, the steam would have received 
more heat than was necessary to evaporate it from 
water and it would have become superheated. Super-
heated steam has superior properties for doing work 
and the trend of present practice is to superheat the 
steam used by all locomotives. The steam formed 
by the process described occupies 1644 times the space 
which held the water, that being the relative volumes of 
water and steam at atmospheric pressure. Our tube 
being r foot square in area or 144 square inches, the 
steam forms a column 26.36 feet high. In taking 
possession of this length of tube, the steam had to work 
up against the atmospheric pressure of 14.7 pounds to 
the square inch, that being the atmospheric pressure 
at sea level. On high levels the pressure would be less. 
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APPLYING STEAM PRACTICALLY 

As the low tension of steam employed in our example 
would be useless for purposes connected with railway 
motive power, we will suppose a case of generating steam 
at a pressure familiar to persons engaged in railroad 
engineering. Suppose we again put into our tube 
i pound of water at a temperature of 32°  Fahr. and 
apply heat. Instead of leaving the tube open to the 
atmosphere, we will put a piston weighing 130.3 pounds 
to the square inch on the surface of the water, and we 
further suppose that the piston will be perfectly steam 
tight and capable of moving upwards with no friction. 
As the atmospheric pressure will rest upon the upper 
side of the piston, steam cannot be formed without 
raising an absolute load of 145 pounds to the square 
inch. 

On heat now being applied, the temperature of the 
water will keep rising until the thermometer registers 
355.6° Fahr., at which point boiling will begin. Heat 
continuing to pass into the water, boiling will go on, 
steam will be formed and the piston raised until the 
last drop of water has been evaporated. When this 
operation is completed, it will be found that 866.8 heat 
units beyond that used to raise the water to the bo:ling-
point have been expended in turning the water into 
steam. Figured from the freezing-point the total heat 
of vaporization would in this case be 1190.4 heat units 
as compared with 1164 heat units used when evap-
oration was performed at atmospheric pressure. 

These paragraphs roughly describe the operation of 
turning water into steam as used in a locomotive boiler. 

It may be mentioned that the boiling-point of the 
water rises with the increase of pressure. Thus at 
atmospheric pressure the boiling-point is 212° Fahr. 
and with 200 pounds gauge pressure the boiling-point 
is 387.5°  Fahr. 

Steam being raised in the manner described in a 
good boiler the next practical operation is to use the 
force of the expanding steam to perform the work of 
train hauling. The mechanism and means required 
for performing this duty will be described in succeeding 
chapters. 



CHAPTER II 

DESIGN AND OPERATION OF LOCOMOTIVES 

DESIGNING OF LOCOMOTIVES 

TEE purpose of the locomotive engine as already 
mentioned is to transform the energy of fuel by the 
medium of steam into the work of pulling railroad 
trains. The leading aim of good designers is to plan 
locomotives that will do the greatest amount of work 
with the least expenditure of fuel, and will at the same 
time be safe, convenient to handle, strong and durable. 
The two most important parts of the locomotive are 
the boiler and the cylinders. These are Like the stomach 
and the heart of the human machine. In the boiler 
the steam is generated, and it is used in the cylinders, 
transmitting the resulting power to the driving-wheels. 
In a well-designed locomotive, the boiler is made large 
enough to supply all the steam required by the cylinders, 
no matter how hard the engine may be worked or how 
fast it may be run. 

DESCRIPTION OF ORDINARY LOCOMOTIVE 

In most of the engravings to be found at this part of 
the book, the outlines and principal parts of an ordinary 
eight-wheel locomotive are shown. Plate A is a side 
elevation of the engine, and shows all the outside parts 
that can be seen by a person standing near the engine. 

10 
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The cylinder and steam-chest are, however, shown in 
cross-section, giving the view of these parts that would 
be obtained if they were cut down through the center 
as one might cut a water-melon lengthwise, or as train 
men sometimes see Westinghouse brake apparatus cut 
to show the working of the parts. It is for the same 
purpose that this cylinder and steam-chest are seen cut 
open in the drawing. The upper part in Plate B repre-
sents the boiler and fire-box of the engine cut in cross-
section. The lower figure is a plan of the engine with 
the boiler removed, but with the outlines of the fire-
box, .mud-ring, and the grates in place. This view 
shows the engine as we would see it, after the boiler 
was removed, by standing on the frame and looking 
downward. 

BOILER AND FIRE-BOX 

A locomotive boiler is peculiar in having the fur-
nace and boiler all inclosed in one shell. The fire-box 
is an oblong box of sheet steel about i  inch thick. A 
water space about 31 inches wide intervenes between 
the fire-box and the outside shell, the two being securely 
fastened together by stay-bolts about I inch thick and 
4 inches apart. The small circles seen on the side of 
the fire-box in the figures represent the stay-bolts. 

The boiler of the engine shown is of the wagon-top 
kind. That is, the waist or barrel of the boiler is 
straight in the front portion, but towards the fire-box 
the diameter increases and the top of the fire-box is 
raised considerably above the boiler. The object of 
the wagon-top enlargement is to increase the space for 
holding steam. The dome in this form of boiler is 
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nearly always placed on the wagon-top. The pur-
pose of the dome is to raise the inlet of the" dry-pipe" 
which carries the steam to the cylinders, away as far as 
possible above the water level. 

HOW STEAM MOVES THE ENGINE 

When a locomotive is ready for raising steam, the 
boiler is filled with water till the crown-sheet of the 
fire-box is well covered. When the water in the boiler 
begins to get low, this crown-sheet is the first part 
exposed to the fire to become uncovered, and great 
care must be exercised to prevent this while there is 
fire in the fire-box, for the dry sheets are quickly 
destroyed when exposed to a hot fire. 

The water being put in to cover the crown-sheet, a 
fire is started in the fire-box and steam is quickly raised. 
When the engineer gets ready to move the engine, 
he puts the reverse lever 20 (Plate B) in forward or 
back motion, which puts the eccentric-rod 12 or 12/  

opposite the bottom rocker-pin and gives one of the 
rods the power to operate the slide-valve 33 (Plate A) 
for the direction the engine is intended to be run. This 
applies specially to engines having link-valve motion, 
but the movements for other motions are practically 
the same. The engineer then carefully pulls the throttle-
lever 51, which opens the throttle-valve 88 and admits 
steam into the stand-pipe 87. The throttle-valve 
which closes this stand-pipe is a double-seated poppet-
valve formed of two flat circular pieces joined by a stem, 
one piece being smaller than the other so that it can 
pass through the upper hole but close the lower one. 
When the throttle-valve is moved, steam passes in 
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DESIGN AND OPERATION OF LOCOMOTIVES 13 

above and below the valve. This arrangement makes 
a partly balanced valve which is easily moved. Steam 
passes through the stand-pipe 87 into the dry-pipe 86, 

dHd  

Qi 

thence through the branch pipe 85 in the smoke-box 
seen in Plate C to the steam-pipes 84, which lead it 
through the cylinder-saddle into the steam-chests 66, 
33, 33'. The openings where the steam-pipes are 



jointed upon the saddle are marked 84 in Plate B. 
In Plate A, the steam-chest 66 is represented with the 
valve 33 uncovering the forward port, through which 
the steam passes into the cylinder I, pushing the piston 
64 towards the back head. This movement -s imparted 
through the piston-rod 65 and main rod 3 to the crank- 

PLATE D 

pin 5, which turns the driving-wheels. The crank-pin 
is seen on the lower quarter. The left-hand side of 
this engine is shown. As the cranks are set at right 
angles to each other with the right-hand crank leading, 
the right-hand crank on this engine would now be on 
the back center. 

It will be seen that the back end of the cylinder is  

open to the exhaust, as the escaping steam is free to 
pass through the port shown white up to the cavity 
under the valve 33 and thence into the opening of the 
exhaust-pipe. When the piston moves a little farther 
towards the back head, the valve will close the back 
port and open the front one to the exhaust, letting the 
steam in the front end of the cylinder escape. The 
parts can be seen more clearly in Plate D. If a draw-
ing of the cylinder be made and patterns of the piston 
and valve be cut out of thick paper, they can be moved 
so that a student can obtain a dear idea of how the 
steam gets into and out of the cylinder. 

The illustration is known as a D slide-valve. Piston 
valves arc rapidly coming into use; but their action in 
distributing the steam is practically the same as that 
described with the D-valve. 

ESCAPE OF EXHAUST STEAM 

Returning to Plate B: When the steam passes into 
the exhaust passage under the valve, it goes through a 
cavity in the saddle and emerges at Sr into the exhaust-
pipe 8o, finally escaping at the nozzle 8t and passing 
to the atmosphere through the stack 25. As each puff 
passes through the stack it exerts a sort of pumping 
action on the smoke-box, tending to create a vacuum. 
This draws the fire-gases rapidly through the tubes and 
creates the forced draft on the fire required for rapid 
steam-making. The amount of vacuum created is con-
trolled to some extent by the diameter of the nozzle. 
If the nozzle is small the steam escapes with increased 
rapidity, thereby tending to increase the pull on the 
fire. 
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People ambitious to learn the details of locomotive 
operation ought to study this description thoroughly, 
for I have seen an old engineer very much embarrassed 
when he was asked how steam gets from the boiler 
to the cylinders. 

DRAFT ARRANGEMENTS 

The locomotive shown has an extension smoke-box 
the purpose of which is to arrest sparks. Set at an 
angle in front of the tube openings there is a plate 82 
called the diaphragm. The object of this plate is to 
regulate the draft through the different rows of flues. 
When the gases from the fire, which tend to fly upwards, 
are not controlled in their movement, there is a rush 
through the upper rows of tubes, and the lower ones 
do not perform their share of steam-making. The 
diaphragm plate partly obstructs the upper tubes, 
and if it is set right makes the flow of gases uniform. 
The petticoat-pipe performs similar functions where it 
is used. When the sparks pass through the tubes 
they strike the diaphragm and are projected forward 
in the extension and lie undisturbed away from the 
direct line of draft, which is strongest below the smoke-
stack. A netting marked 83 83 83 helps to prevent 
the sparks from being drawn out of the smoke-box. 
There are various ways of arranging the netting, and 
it is generally put in to give as much area as possible. 

NAMES OF PARTS 

The names of nearly all the parts of the locomotive 
may be learned by finding the numbers in the first three 
plates and identifying them by means of the following list: 

1. Cylinders; 2. main driving-axle; 3. main rod; 
4. side rod; 5. main crank-pin; 6. truck-wheels; 7. main 
driving-wheels; 8. back driving or trailing wheels; 
9. fire-box; to. expansion braces; Ir. eccentrics. 
12. eccentric-rods; 13. link; 14. rocker; 15. link-hanger; 
16. horizontal arm of lifting-shaft; r7. lifting, or tum-
bling-shaft; 18. upright arm of lifting-shaft; 19. reach 
rod; 20, 21, 22. reversing-Lever; 23. barrel, or waist of 
boiler; 24. smoke-box; 25. chimney or smoke-stack; 
26. water spaces; 27. grate; 28. furnace-door; 29. ash-
pan; 3o. front ash-pan damper; 31. back ash-pan 
damper; 32. frames; 33. main valve; 34. valve-stem; 
35. head-light; 36. head-light reflector; 37. head-light 
lamp; 38. pilot; 39. sand-box; 4o. sand-pipes; 41. bell; 
42. dome; 43. cab; 44. safety-valve; 45. safety-valve 
lever; 46. whistle; 47. whistle-lever; 48. draw-bar; 
49. coupling-pin; 50. safety-chains; 51. throttle-lever;  
52. injector; 53. injector steam-pipe; 54. injector feed-
pipe; 55. injector check-valve; 56. running-board; 
57. hand-rail; 58. equalizing-lever; 59. driving-springs; 
6o. counterbalance weights; 61. driving-wheel guard; 
62. guide-bar; 63. cross-head; 64. piston; 65. piston-
rod; 66. steam-chest; 67. rubbing-plate for balanced 
valve; 68. steam-chest relief-valve; 69. hopper of exten-
sion smoke-box; 70. smoke-box door. 71. cylinder-
cocks; 72. cylinder-cock lever; 73. cylinder-cock shaft; 
74. truck-spring; 75. truck-frame; 76. truck equalizing-
lever; 77. truck wheel-guard; 78. truck check-chain; 
79. push-bar; 80. exhaust-pipes; 81. exhaust-nozzle; 
82. diaphragm; 83. wire-netting; 84. steam-pipe; 
85. T-pipe; 86. dry-pipe; 87. throttle-pipe; 88. throttle-
valve; 89. throttle-stem; 9o. throttle bell-crank; 
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91. steam-gauge; 92. steam-gauge lamp; 93. whistle-
lever; 94. gauge-cocks; 95. foot-board; 96. truck 
center-bearing; 97. truck center-plate; 98. truck center-
pin; 99. whistle-shaft; ioo. suction-pipes; rm. foot-
steps of cab; 102. hand-holds of cab; 103. front door of 
cab; 104. water-gauge; 105. stand for oil-cans; 106. 
drip for gauge-cocks; 107. injector-valve; 108. oil-cup 
for oiling main valves; 109. handle for opening valves 
in sand-box; Irv. handle for opening front damper; 
I n. bell-crank for opening front damper; 112. rod for 
opening front damper; 113. mud-plugs. 

CYLINDER AND STEAM-CHEST 

The leading details of the locomotive's mechanism 
may be more clearly studied from succeeding plates. 
Plate C gives a cross-section of the cylinder and steam-
chest. The principal parts are; 

r. Cylinder; 2. front cylinder-head; 3. back cylinder-
head; 4. front casing-cover; 5. back casing-cover. 6. 
cylinder-gland; 7. cylinder-gland packing; 8. wood-
lagging; 9. casing; io. steam-chest; 11. steam-chest 
cover; I2. steam-chest packing-gland; 13, gland-ring; 
14. steam-chest casing; 15. side of chest-casing; 16. 
slide-valve; i7. valve-yoke; IS. steam-chest joint; 

oil-pipe stem. 

PISTONS 

The piston which works in the cylinder is shown in 
enlarged form in Plate D. The purpose of the piston-
head is to fill the cylinder bore tight enough to pre-
vent steam blowing through between the walls of 
the cylinder and the piston-head, and yet be loose  

enough to move freely with as little friction as possible. 
There are various forms of piston-heads, and three kinds 
are shown in Plate D. Figurer is what is known as a 
solid head with two grooves round the outside into 
which packing-rings are sprung in. Packing-rings are 
made of a good quality of cast iron turned a little 
larger than the bore of the cylinder, and a piece cut out 
which permits the ring to be compressed when the 
piston is put into the cylinder. The rings then press 
the sides of the cylinder and soon form a steam-tight 
connection. 

In Figure 2 a piston-head is shown with what is 
known as spring packing. The packing-rings are not 
made to spring, but are kept up to the cylinder-walls by 
separate small springs secured inside the body of the 
piston-head and held in tension by a stud. 

Figure 3 illustrates the most common form of piston 
in use. The packing-rings are made with spring to 
them as in Figure 1, but they are carried on T-ring or 
bull-ring 9, which fits on the piston-spider and is held 
in place by the follower-plate 2. 

The piston consists of the following parts: 
1. Head; 2. follower-plate; 3. follower-bolts; 4. fol-

lower-bolt socket; 5. piston-rod; 6. rod key-way; 
7. piston-rod nut; 8. packing-rings (cast iron); 9. bull-
ring; ro. composite packing-rings; II. packing-spring; 
12. spring stud and nuts. 

LINK MOTION 

Plates E and F give a very clear illustration of the link 
motion and its connections on the right-hand side of a 
Baldwin locomotive as they appear when the piston is on 
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the forward center, and the engine is in full gear for-
ward. 

The principal parts shown are: 
i. Axle; 2 . eccentric; 3. forward half of eccentric-

strap; 4. back half of eccentric-strap; 5. eccentric-rod 
(forward motion); 6. eccentric-rod (backward motion); 
7. expansion link, back half ; 8. expansion link, front half; 
9. expansion-link filling-block; to. expansion-link sad- 

PLATE E 

dle; ii. expansion-link sliding-block; 12. link-hanger; 
13. tumbling-shaft; 14. counterbalance-spring; 15. tum-
bling-shaft bracket; r6. reach-rod; 17. upper rocker-
arm; 18. rocker-box; zo. valve-rod. 

RUNNING GEAR 

Plate G illustrates details of the frames, the arrange-
ment of which requires to be carefully studied by those 
who are connected with the running of locomotives, for 
a great part of the failures that happen to modern loco- 

motives arise from accidents to some part of the running 
gear. 

By referring back to Plate B, it will be seen that the 
frames, driving-wheels, and truck with their minor parts 
form a carriage which carries the boiler and cylinders. 
When this carriage is properly designed we have a 
good riding locomotive. To bring this about the whole 
of the running gear, as this part of the engine is called, 
must work harmoniously together. Pressing upon the 

PLATE F 

upper half of the different axle-journals are bearings of 
brass or some other soft metal on which the weight of 
the engine rests. The bearing is in an axle-box which 
is made strong enough to protect the brass bearing and 
to withstand the shocks of the hard service. The driv-
ing axle-boxes are held firmly in oblong formations on 
the frames called jaws, and secured so that the box 
can rise and fall freely a certain distance. On the top 
of the axle-box and spanning the frame is a casting 
called a stirrup, on which the driving-spring rests. On 
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one end hangers connect the spring to the frame, taking 
their part in holding up the whole of the weight resting 
on the wheels, and on the other end connecting with 
the equalizing beam, which tends to transmit any severe 
shock over all the connecting wheels. 

In plate G, class C is the frame of an eight-wheel 
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PLATE G 

engine, class D is the frame of a mogul engine, and 
class E is the frame of a consolidation engine. 

The principal parts are: 
r. Top rail of frame and pedestals; 2. front rail of 

frame; 3. front top of mogul and consolidation frame; 
4. bottom of mogul and consolidation frame; 5. middle 
brace; 6. back brace; 7. buffer-block; 8. pedestal-wedge; 
9. wedge-bolt; to. pedestal-shoe 

CHAPTER III 

ENGINEERS AND THEIR DUTIES 

ATTRIBUTES THAT MAKE A GOOD ENGINEER 

THE locomotive engine which reaches nearest per-
fection is one which performs the greatest amount of 
work at the least cost for fuel, lubricants, wear and 
tear of machinery and of the track traversed; the 
nearest approach to perfection in an engineer is the 
man who can work the engine so as to develop its best 
capabilities at the least cost. Poets are said to be 
born, not made. The same may be said of engineers. 
One man may have charge of an engine for only a few 
months, and yet exhibit thorough knowledge of his 
business, displaying sagacity resembling instinct con-
cerning the treatment necessary to secure the best per-
formance from his engine: another man, who appears 
equally intelligent in matters not pertaining to the 
locomotive, never develops a thorough understanding of 
the machine. 

There are few lines of work where the faculty of 
concentrating the mind to the work on hand is so 
valuable as in that of running a locomotive. A man 
may be highly intelligent and be well endowed with 
general knowledge, but on a locomotive he will make a 
failure, unless his whole attention while on duty is 
devoted to the duties of taking the locomotive and train 

28 
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over the division safely on time. The man who lets 
outside hobbies or interests take much of his time 
while running a locomotive is likely to get into many 
scrapes. Keen habits of observation. and calm judg-
ment are the most valuable attributes in the making 
of a first-class engineer. 

HOW ENGINEERING KNOWLEDGE AND. SHILL ARE 
ACQUIRED 

A man who possesses the natural gifts necessary for 
the making of a good engineer will advance more 
rapidly in acquiring mastery of the business than does 
one whom Nature intended for a ditcher. But there 
is no royal road to the knowledge requisite for making 
a first-class engineer. The capability of handling an 
engine can be acquired by a few months' practice. 
Opening the throttle, and moving the reverse lever, 
require but scanty skill; there is no great accomplish-
ment in being able to pack a gland, or tighten up' a 
loose nut; but the magazine of practical knowledge, 
which enables an engineer to meet every emergency 
with calmness and promptitude, is obtained only by 
years of experience on the footboard, and by assidu-
ous observation while there. 

PUBLIC INTEREST IN LOCOMOTIVE ENGINEERS 

Ever since the incipiency of the railroad system, a 
close interest has been manifested by the general pub-
lic in the character and capabilities of locomotive engi-
neers. This is natural, for no other class of men hold 
the safe-keeping of so much life and property in their 
hands. 

IGNORANCE VERSUS KNOWLEDGE 

Two leading pioneers of railway progress in Europe 
took diametrically opposite views of the intellectual 
qualities best calculated to make a good engineer. 
George Stephenson preferred intelligent men, well 
educated and read up in mechanical and physical sci-
ence; Brunel recommended illiterate men for taking 
charge of engines, on the novel hypothesis that, hav-
ing nothing else in their heads, there would be abun-
dant room for the acquirement of knowledge respecting 
their work. In every test of skill, the intelligent men 
proved victors. 

ILLITERATE ENGINEERS NOT WANTED IN AMERICA 

No demand for illiterate or ignorant engineers has 
ever arisen in America. Many men who have spent 
an important portion of their lives on the footboard 
have risen to grace the highest ranks of the mechani-
cal and social world. The pioneer engines, which 
demonstrated the successful working of locomotive 
power, were run by some of the most accomplished 
mechanical engineers in the country. As an engine 
adapted to the work it has to perform, the American 
locomotive is recognized to have always kept ahead of 
its compeers in other parts of the world. No incon-
siderable part of this superiority is due to the fact, 
that nearly all the master mechanics who control the 
designing of our locomotives have had experience in 
running them, and thereby understand exactly the 
qualities most needed for the work to be done. 






























































































































































































































































































































































































































