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PREFACE. 

THE author, who is a practical engineer, attempts in 
this book to write a practical treatise on the Locomo-

tive Engine, and has tried to describe the manner in 
which the locomotive is handled while in service. 

There are many excellent books on the locomotive, 
but there is one portion of the subject which, in the 
author's opinion, has not yet been covered. 

The man who wishes to understand an engine thor-
oughly will learn more by watching repairs made in 
the shop, or in case of accident on the road, when the 
engine is disconnected, than if the method were de-
scribed to him in so many words; for he thus sees the 
actual construction, break, and repairs. 

The author has illustrated this book with this pur-
pose in view, and has made most of the drawings him-
self. 

Where others are used due credit is given, and there-
fore it may be truly said the drawings represent actual 
practice. 

The text contains also a full explanation of the 
drawings, questions are asked and answered on the 
construction of the locomotive and its performances, 
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and complete directions are given as to what should 

be done in case of emergency. 

The reasons for first explaining the construction and 

action and then asking and answering questions are 

three: first, when a question is asked and answered, 

and the reader does not thoroughly understand the 

construction and action of mechanism, the questions 

and answers will not be clear to him ; second, the 

reader will be more vividly impressed by reviewing the 

questions and answers; third, the questions and an-

swers are so arranged that the book can he used by 

Master Mechanics or Travelling Engineers for the ex-

amination of candidates for promotion, or by the 

demonstrator in the Lodge Room. 

An effort has been made to present to the reader a 

full and clear explanation of the Compound Locomo-

tive, showing the construction of different systems in 

actual use, and giving the method of disconnecting 

such engines when broken down. 

The author has illustrated the principal " break-

downs " that happen to a locomotive, so that when 

one actually occurs on the road the engineer can com-

pare the break with the illustrations in the book, and 

find out exactly what should be done. 

Each part of the mechanism is named in the illus-

trations as a guide to the engineer in making out work 

reports. 

I am indebted to the proprietors of the works whose 

Compound Locomotives are shown in this book, for 

drawings and photographs; to the Westinghouse and 

New York Air-brake companies, and other manufactu-

rers whose appliances have been illustrated and de- 

scribed ; and to the Railroad Gazette for part of the 

description of the Brooks Two Cylinder and Schenec-

tady Compounds. 

If the book fulfils the mission for which it was 

written, the author will consider that his labor has 

been rewarded. 
H. C. REAGAN, 

Locomotive Engineer. 
PittLADitwitA, January, 1 894. 

PREFACE TO SECOND EDITION. 

As electricity is developing very rapidly in all direc-

tions, and especially in the method of transportation, 

the Electric Locomotive as a motive power is naturally 

attracting the attention of the officials of the larger rail-

road. The development in the street-railroad service 

has also been phenomenal. There are very large elec-

tric locomotives at work daily on some of the trunk 

lines, and they are doing the work successfully ; hence 

it appears as if they had come to stay, and that more 

may be expected in the future. The author, having 

this thought in his mind, believes now is the time for 

those who are to-day handling our steam locomotives 

to investigate the working and construction of the elec-

trical locomotive, although he does not believe it is 

going to displace the steam locomotive immediately. 

Such a change will be gradual rather than instan-

taneous. He has tried to make the description and 

operation of an electric motor as simple as possible, 
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that it may be readily understood by the average 
reader, and in the hope that it will be instructive and 
therefore lead to a further investigation of the subject, 
Thinking it a good plan, he has therefore incorporated 
the description of the electric locomotive with the book 
entitled " Locomotive Mechanism and Engineering," 
which has been received so kindly by the locomotive 
enginemen. It was thought proper to give a descrip-
tion of the street-railroad and stationary motor as a 
stepping-stone to the larger motor used on the electric 
locomotive, since there is no great difference in their 
principles, but in their size and method of connecting 
with the axles the method of control is nearly the same. 
The locomotives which receive their supply of current 
from a central station and those which generate their 
own current, and in fact are a travelling central station, 
are shown. 

I am indebted to the Electrical World, the Electric 
Engineer, and the Railroad Gazette for some data 
and cuts relative to the several electric locomotives 
shown ; also to the General Electric Company for cuts 
of their electric locomotive, and others whose apparatus 
is shown. 

H. C. REAGAN. 
PHILADELPHIA, March 1st, 1896.  

PREFACE TO THIRD EDITION. 

A BOOK written for the purpose of instructing the 
reader in engineering, of whatever branch, should be 
up to date. Therefore, while the previous editions 
of this work have been well received, the author felt 
that a new issue would be incomplete without some 
account of the latest types of electric locomotives and 
of various improvements in air-brakes, etc., which 
have been introduced since the last edition was pub-
lished. A description of these has now been em-
bodied, some forty pages having been added, including 
a number of cuts and diagrams, thus, it is believed, 
materially enhancing the value of the work. 

H. C. REAGAN. 
Witax PLAINS, N. Y. 
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PREFACE TO FOURTH EDITION. 

THIS edition describes and illustrates by means of 
photographs and detailed drawings the latest improve-
ments in locomotive practice. This includes the latest 
types of compound and-single expansion locomotives. 
and treats of many improvements in fire-boxes and 
boiler construction. 

The subjects of liquid fuel and oil-burning engines 
are carefully considered, as well as piston-valve engines 
and track-sanding apparatus. 

The author, also, discusses the different methods of 
operating valve motion for compound locomotive en-
gines, and takes up the questions of metallic packing 
and of air-pumps. 

The new matter is intended to put the reader in 
touch with the very latest and highest type of loco-
motive and its details. 

The author desires to make, here, his acknowledge-
ment to the various firms whose apparatus is described, 
for their courtesy in furnishing cuts and descriptions. 

H. C. REAGAN. 
Ptiii,AukumEA, Aug. 1, 1902. 
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LOCOMOTIVE MECHANISM AND 
ENGINEERING. 

CHAPTER I. 

THE LOCOMOTIVE BOILER. 

THE best subject with which to start is the lomoco-
tive boiler, of which there are two illustrations. Fig. 
I is a wagon-top boiler. Fig. 2 is a Belpaire boiler, 
which is now being used on many roads. 

The principal difference between them is the shape 
of boiler over fire-box, and the method of staying. In 
the Belpaire boiler the back end over fire-box is nearly 
square, there being a radius on the corner for bending. 
The Belpaire boiler also uses radial stays, thus obviat-
ing the necessity of using crown-bars and sling-stays ; 
which seems an advantage, as it not so complicated, 
and the mud cannot accumulate on the crown-sheet, 
as it does when using crown-bars. The sheets can 
adjust themselves to each other better under different 
pressures and change of temperature. 

The principal parts of a boiler are the fire-box, flues, 
dome, steam or dry pipe, throttle-valve, the smoke-
arch in which are the steam-pipes leading to each 
steam-chest, the exhaust-nozzles, and the stack. 
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That portion of boiler which is over the fire-box 
must be very strongly stayed with either crown-bars or 
radial stays. The Belpaire boiler is strengthened in 
the latter manner. This staying is necessary from the 
large area and the exposure to the hottest part of the 
fire. 

The dome is for the purpose of providing a reser-
voir for dry steam and in it the throttle-valve is placed 

Flu. 1. 

as high as possible above the water-line, to prevent 
entrained water from being carried over into cylinder, 
which is detrimental to the engine, and might cause a 
cylinder-head to be knocked out, if in large quantities. 

The throttle-valve is a double disk (Fig. 3) having 
two seats in the steam-pipe. The disks are of nearly 
the same diameter, in order to balance. 

The top disk is the larger, so that the throttle will 
stay closed, due to the greater pressure on top, hold- 

ing valve down to scat. The difference in area, how-
ever, is not sufficient to make the throttle open with 

difficulty. 
To the lower disk is attached a link K. This link is 

connected with a bell-crank lever Y, which has its ful-
crum on steam-pipe. 

On the lower end of bell-crank lever is the throttle-

rod S. To this on the outside of the boiler is the 
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throttle-lever, which every ambitious fireman is anxious 
to control. 

The dry pipe is put into a boiler to carry dry steam 
to the cylinders, the steam entering the pipe at 
throttle-valve in dome. If this was not provided, the 
boiler would prime. 

One of the most important things that an engineer 
should understand is the action of water in a boiler, 
and the effect of heat and impurities in the water. It 
often causes the student or beginner to wonder at the 
change of the water-line in a boiler when using and not 
using steam from it. 
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It will be found that after the throttle is opened 
the water in the boiler has raised one gauge or more. 
This is caused by the release of pressure on water-line 
on the opening of the throttle. The water being in a 
state of ebullition, due to the intense heat from the 
fire, expands. Fig. t at letter B shows the water-line 
when the throttle is closed ; A, or dotted line, shows 
water when the throttle is open and using steam. 

Another cause of water rising in the boiler is due to 
impurities in the water, such as salt, oil, soap, and vege-
table matter. These produce foaming, and frequently 
cause a boiler to be burned and an engineer to lose his 
position. 

It is also important that an engineer should be able 
to detect at the earliest moment the beginning of 
foaming. The symptoms are as follows : On trying 
the gauge-cock it will be found that water is gaining 
very rapidly, notwithstanding the fact that lie has not 
readjusted his injector, or changed the point of cut-off 
in his cylinder s. Also, if the engine is foaming very 
badly, water will appear at the stack, in a light lathery 
foam. If, then, the throttle is closed, the water will 
fall probably to the bottom gauge-cock, or below, and 
this is a dangerous action. Now if the water should 
fall below the bottom gauge, and the engineer is 
desirous of finding out where the water is, he should 
open the throttle suddenly or frequently by blowing 
the whistle, and if there is water near the bottom 
gauge-cock it will show. If water shows, the boiler 
should be filled up to top gauge. and the surface blow 
opened. keeping the injectors on while it is open, in 
order to keep the water-line up. 

By doing this the water can be changed, and that 
which contains the impurities blown off. 

It should be remembered that there is a difference 
between foaming and priming. Priming is caused by 

too much water in the boiler, or by a cracked, dry 
pipe, or by a dome of too small diameter. 

When there is too much water in the boiler and the 
throttle is opened, the water is carried over with 
steam into the cylinder, as is shown in Fig. f, in dome. 

This is a very bad practice, and is far from econom-
ical. The water which is thus carried over contains 
heat, which is wasted, because this water which con-
tains the heat does not expand to any considerable 
degree, and therefore does not give out any effective 
power, while it reduces the expansive force of the 
steam with which it mingles. 

Remember, also, that dry steam is capable of doing 
more work than wet steam, and is therefore more 
economical, while with it there is less danger of break-
ing the engine down, or cutting valves and seats. 

It is very important that all gauge-cocks should be 
kept open, and especially, under all circumstances, the 
bottom one. 

When water-gauge glasses are used, the glass and 
valves should be open and free, for it is dangerous for 
them to be clogged up, as the glass will not then 
register correctly. 

Water-gauge glasses are equipped with automatic-
closing valves, so that when from any cause the glass 
is broken the steam and water will not escape into the 
cab, scalding the engineer and fireman ; also prevent 
the loss of water and endangering the crown-sheet, if 
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broken when no one is around. The sketch at A, 
A' shows a very simple form of automatic valve. 
This valve will grind out any sediment that may collect 
on the seat. The grooves or wings are in the form of a 
spiral. By screwing the button or main valve towards 
the seat until the pin C extends through far enough 
to let the automatic valve come up against it, this forms 
an axis for valve A. By opening the pet-cock at bot-
tom of glass, the steam will pass through the wings of 
automatic valves A, A', causing them to revolve rapidly. 
Grind-seat and passage open the valve 13  wide when 
done grinding. Most all glasses have ball-valves which 
close automatically. Water in a gauge-glass should 
fluctuate freely with the water-line. If it does not do 
this, but stands motionless in the glass, the valves are 
clogged up and should be blown out. It is policy to 
do this before starting out, on each trip. 

The fire-box needs very little explanation, as its 
purpose is evident to all; but most fire-boxes are 
equipped with brick arches, which improve combustion 
by maintaining the gases at an igniting temperature. 
This is due to the brick becoming incandescent, and 
also to the brick deflecting the cold air as it comes 
into the fire-door when open, and preventing it from 
rushing into the flues and chilling the gases. Fig. t 
shows the course of the gases to the smoke-box, and 
the appliances therein, as will be seen by referring to 
the drawing. D is the diaphragm, which serves the 
purpose of regulating the draught through flues and in 
fire-box. If the diaphragm was not used, the draught 
would be through the top flues, and burn out the back 
end of fire, especially in a long fire-box. 

NO STEAM WILL ESCAPE IF BROKEN OFF AT 
E OR F 
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There is also used what is called a petticoat-pipe, to 
fill the purpose of a diaphragm. This is made sepa-
rately, and can be raised and lowered to regulate the 
draught. 

The exhaust-nozzles Z are the outlet of the exhaust-
steam from cylinders, and create a vacuum in the front 
end or smoke-arch, which causes a draught on the fire 
by the air rushing through the gates and fire to fill up 
the vacuum in the front end. 

Fig. r represents an extended smoke-arch. The 
extension is for the purpose of catching cinders and 
sparks. The cinders are prevented from getting out 
of the stack by netting, Fig. r, N. This netting is 
extended across the smoke-arch, so that the sparks 
and cinders strike the netting and fall back into the 
extension. 

QV EsuoNs. 

How does the steam get from the boiler to the 6 

steam-pipe? 
Through the throttle-valve into steam or dry pipe, to 

steam-pipe in front end and steam-passage in saddle. 
What is the form of the throttle-valve ? 
It is a double disk-valve, and nearly balanced. 
Why is it nearly balanced, and which disk is the 

larger ? 
It is balanced in order to be easily opened, and the 

top disk is the larger. 
For what purpose is the dome, and where is it 

placed ? 
The steam dome is the highest point on the boiler 

holding steam, and is so placed to hold dry steam. 

Where is it placed ? 
In wagon-top boiler, over the fire-box, as in Fig. I. 
For what purpose is the steam-pipe in boiler ? 
To carry dry steam from dome to steam-chests. 
What is a crown-bar? 
A bar over the crown-sheet, with its end supported 

on the side sheet of fire-box. 
For what purpose is it used ? 
To support the crown-sheet, as in Fig. r. 
What is the water-Iine in a boiler? 
The line on the top of the water in boiler which 

varies with the height and level of water in the boiler. 
What is the effect of Iow water in a boiler ? 
Low water is dangerous, and it is liable to burn the 

sheets or flues if the water is too low. 
How is it known how much water there is in a 

boiler ? 
By trying the gauge-cocks. 
What causes the water to rise when the throttle is 

open ? 
The pressure is released on the water-line, and the 

heat causes the water to expand. 
What causes a boiler to foam ? 
Impurities in the water, such as oil, soap, salt, and 

vegetable matter. 
How is it known when a boiler is foaming? 
By the sudden increase of the water in the boiler. 

If it is foaming badly, it is also shown by the appear-
ance of foamy water at stack. 

If a boiler had four gauges of water when the throt-
tle was open, how many womid be in it when the 
throttle was closed ? 
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If foaming badly, water would probably be found in 
the bottom gauge. 

How could the water be found in the boiler if water 
dropped below the bottom gauge-cock ? 

By opening the throttle suddenly or by blowing the 
whistle. 

Should more water be put in the boiler if water 
thus appeared? 

It should. 
What should be done to prevent water from foaming 

after finding it ? 
The injectors should be put on and the boiler filled 

up, then the surface-cock opened and the impure water 
blown out of the boiler. 

What is a water-gauge glass? 
A glass tube on the back of the boiler for indicating 

the level or amount of water in the boiler. 
If the water-glass should break, what should be 

done? 
All water-glasses are supposed to have automatic-

closing valves, so that when a glass breaks the pressure 
will close them ; but if they should not, it would be best 
to shut the hand-valves. 

If an engineer is running along and he finds that the 
water in the glass does not fluctuate, what is supposed 
to be the matter ? 

That the valves are closed or clogged up. 
What should be done to make the glass indicate cor-

rectly ? 
Open blow-off valve and blow the water out of the 

glass, and see that the steam and water valves are 
open. 

What is priming in a boiler, and what causes it? • 
Priming is entrained water in the steam, and carried 

over into the cylinder. It is caused by too great a 
quantity in boiler, or too small steam space and dome. 
It may also be caused by working the engine too hard. 

What effect has priming on the working of the en-
gine ? 

It reduces the power of the engine, by reducing the 
expansive power of the steam with which it mingles ; 
and is wasteful, because it carries off heat that does no 
work in the cylinder. It is also injurious to the valves 
and scat by destroying lubrication. 

Which is the more powerful, dry or wet steam ? 
Dry steam. 

ACCIDENTS TO BOILER AND ATTACHMENTS. 

When a throttle-valve becomes disconnected and re-
mains open, what should be done to get train under 
control? 

The reverse-lever should be put in the centre notch 
of quadrant, the steam-pressure reduced, and the train 
controlled by the air-brakes. 

When the whistle-valve is broken, what should be 
done? 

The whistle-bell should be filled with waste or any 
material to prevent the whistle from sounding. The 
engine can be run in this manner. Calculation must 
be made for the extra amount of water blown away 
free in steam. 

When the whistle-stein is broken off, what should be 
done? 
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In this case the fire must be put out, as the escape 
of steam would be too great ; but care must be taken 
that the water must not leave the crown-sheet before 
the fire is out. 

Could the injectors be put on to maintain the water 
in boiler while fire is being knocked out ? 

Yes, if put on immediately. Good judgment must 
be used in cases of this kind. 

When a wreck occurs and the engine has studs 
pulled out, or boiler-check broken out, what should be 
done to prevent burning the boiler ? 

If possible to get at the engine, and escaping steam 
would not interfere, the fire should be covered with 
sand, sod, or anything to dampen the fire, and then 
water put on if procurable. Do not undertake to put 
water on first, as it will be liable to burn the person so 
doing, as the steam and gas will rush out the fire-door. 

When a blow-off cock is cracked or broken off, what 
should be done, and should the injector be put on ? 

The fire should be gotten out of the box if possible. 
In regard to the injector being put on, it would depend 
on the size of opening and the amount of water in 
boiler, or if the fire could be gotten out before the 
water left the crown-sheet. If the injectors would put 
water in the boiler faster than it was escaping, it would 
be policy to put them on, or if water is on the crown-
sheet. 

In cases when the fire must be knocked out of fire-
box, and the engine is standing where any live coals 
would set fire to the material underneath the engine, 
what should be done? 

The ash-pan dampers must be closed. (This applies 
to bridges and trestles also.) 

Is it possible to bulge or drop a crown without it 
being burned ? 

Yes, it is possible, and is due to poor material in the 
crown stay-bolts, or a pressure in excess of the strength 
of material. In a case of this kind the fire is put out 
on account of the water rushing into the fire-box. The 
same occurs when a flue bursts. In either case the 
engineer and fireman are in immediate danger. 

When the throttle becomes disconnected and closes 
how can steam be gotten into the cylinders to move it ? 

By the tallow-pipe valve. 
In case of a dry-pipe bursting, what should be done? 
The reverse-lever should be put in the centre notch, 

and the steam-pressure reduced. Control the engine 
by the brakes. If wheels should slip, do not use sand, 
as there is a possibility of making a wreck of the en-
gine. 
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vacuum in the front end. Sometimes the steam-pipe 
joints are leaking, which produces the same effect as a 

• loose exhaust-pipe. Another cause is a loose dia- 

FIG. 5. 
CHAPTER 

FRONT END, OR SMOKE-ARCH. 

THE steam-pipes in smoke•arch are connected to the 
end of steam or dry-pipe, which is called bulkhead or 
tee pipe, and joined to steam-passage in saddle, as in 
Fig. 5. The pipes have ball-joints, so that they may 
contract or expand (Fig. 6) as they are subject to vary-
ing temperatures. 

Some builders use a ball and flat-ring joint, forming 
a rotating and sliding joint. The steam-pipes are fas-
tened to the saddle or bed-casting, on shoulders or 
joints on the saddle, by studs. 

These studs become corroded in time, and are very 
difficult to get out, especially when the engine is warm. 
The reader will keep this in mind for future purpose. 

The exhaust-pipes (Fig. 5) are the double exhaust-
nozzle, or an exhaust-nozzle for each cylinder. The 
single exhaust-pipe is used on some roads with good 
results. 

The engineer and fireman will frequently find that 
the engine, after steaming excellently for a while, will 
suddenly commence to steam poorly, and it puzzles 
them to understand it. 

The difficulty is often found in the front end or 
smoke-arch, and is frequently caused by a loose ex-
haust-pipe, causing back draught and impairing the 

phragm, which, having dropped down, spoils the 

draught on the fire. Other defects are a loose thim-
ble on the end of the exhaust-pipe, and cinder cap off 
of the hopper or side of the extension. Another great 

14 
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misfortune is the burning or warping of the extension, 
which is caused by the extension being filled with live 
cinders, while there is an air-hole or crack, into ►vilich 
the air rushes and comes in contact with the so•called 
cinder (which is in reality good coke), which has been 
drawn through the flues from the fire-box. This causes 
an intense heat around the air-hole, and burns the iron. 
Sometimes it is caused by the front door and frame 
being cracked, or the clamps loosened, or the door 
partly opened. Care should be taken that these are 
tight, and also that the front end should be cleaned 
out when full, as it interferes with the draught by cov-
ering up the front end of flues. Do not, however, do 
this while running, as it will blow back among the 
machinery and produce a very bad effect, and cause 
the parts to be cut and run warm. 

QUESTIONS, 

How are the steam-pipes fastened to the dry or 
steam pipe in the front end? 

By being bolted to the bulkhead or tee. 
What provision is made for contraction and expan-

sion? 
The joints have ball rings having a round and flat 

face fitting between the joint of the two pipes, as in 
Fig. 6. 

What is the effect if the steam-pipe or the exhaust-
pipe leaks? 

It destroys the draught, and causes the engine to 
steam poorly. 

For what is a diaphragm used ?  

To regulate the draught on fire and through flues. 
How is the draught regulated by the diaphragm ? 
By raising or lowering the movable portion. 
What is the effect of an air-hole, cracks, or a door 

partly open, on an engine having an extension, when partly 
 of cinders? 

Will burn front end, crack door-frame, and spoil the 
appearance of the engine. 



• 
CHAPTER III. 

STEAM-CYLINDERS AND CONNECTION. 

LOCOMOTIVE steam-cylinders are made from the best 
cylinder iron, which should be hard and free from blow-
holes, but not too hard to be turned and bored out, and 
capable of having smooth cylinder walls in contact 
with the piston-head. 

The cylinders are cast separately, in American prac-
tice, and bolted together, and are so constructed as to 
be neither rights nor lefts. There are three parts or 
names to a cylinder-casting, viz., cylinder, steam-chest, 
and saddle. 

In the steam-chest, which is on the top of the cylin-
der, is the main steam-valve, which controls the inlet 
and outlet of the steam from the cylinder: and on the 
valve-seat proper, in most locomotives, is a loose or ad-
justable seat, capable of being renewed when worn out, 
without doing away with the cylinder. 

Some engines have the seat cast with the cylinder, 
and when worn down have the false-seat attached. 

In the steam-chest are five steam-ports, as will be 
seen in Fig. 7. t and 5 are the receiving-ports or open-
ings of the steam-passages in the steam-chest. The 
steam-passage is divided. The passage or core, begin-
ningat B in Fig. 7, passes down on the top of exhaust- 

's 
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passage and branches on each side of the exhaust core or 
passage, the walls of exhaust passage serving for both. 

There seems to be a serious objection to this, from 
the fact of the difference in temperature of the steam 
in steam-passage and the exhaust-steam in the exhaust-
passage, as it causes an unequal contraction and expan-
sion, which often cracks the saddle, and also robs the 
steam of some degrees of heat. 

Beek Read tritxtrie w 	 Front Ilead inside rice 

Fru. 8. 	 Fin. 10. 

Port 3 is the exhaust-port leading to the exhaust 
passages or core A, and leads the exhaust-steam from 
the cylinder to exhaust-pipe : so there are three pas-
sages or cores in the saddle. 

Ports 2 and 4 are the steam-ports from steam-chest 
to cylinder, and through these ports all the steam 
passes that moves our trains over the roads. The steam 
passes out the same port after expanding and doing its 
work in the cylinder, which is governed by the valve. 
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Fig. 7 is a top view of the cylinder, valve-seat, and 
ports, also steam-chest and top of saddle. The flange 
on saddle has the same radius as smoke arch, and is 
fastened to the same by bolts. 

The cylinder is bolted fast to a frame, through a 
flange which is cast on the cylinder and the centre of 
frame. Also, there is a key or wedge on the sides of 
the saddle, to take up any lost motion of the saddles. 

FIG. Ir. 

Fig. It is a longitudinal sectional view of a cylinder, 
piston-head, steam-ports, steam-chest, and valve. Fig. 
7 shows only the top view of the steam-ports. Fig. 
shows plainly how the steam-ports are. As will he 
seen, the core or ports are nearly a right and left angle, 
running from the seat into cylinders at each end. There 
is a shell or wall left between the bore of cylinder and 
port. of sufficient thickness for wear and reboring. 

The exhaust-port is between the two steam-ports. 
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That portion of metal between the ports is called a 
bridge. 

On the valve-seat, and working over these ports, is 
a steam-valve, which is a hollow shell having flanges 
around it, and is frequently called a D-valve, being of 
the shape of the letter D. 

In most engines of the present day the valves are 
balanced as nearly as possible. The object is to take 
as much pressure off the back of the valve as possible, 
in order to reduce the amount of power required to 
move valve, and also to prevent the excessive wear of 
valve and seat, so as to be easily handled by the en-
gineer. 

The most common method of balancing is by put-
ting bars on the back of valve, as in the Richardson 
valve, having a balance-plate fastened to steam-chest 
cover, as in Fig. I l. 

The bars have under them in grooves on the back of 
valve springs which force the bars up against the plate, 
making a steam-tight joint, or nearly so, and thus re-
ducing the area of valve which is exposed to the down-
ward pressure of the steam. 

There is a small hole in the centre of the valve, which 
releases the valve from any pressure that might be 
caused by steam getting past the bars. This hole 
opens into the exhaust cavity. 

By referring to Fig. I m, you will see that the forward 
steam-port is wide open, and steam is passing into cylin-

* der against the piston-head. 
The exhaust-cavity of the valve is over the back of 

steam-port, and the exhaust-steam is passing out of the 
port into the cavity of the valve, into exhaust-port. 



structed, is shown in Fig. 12. It is called a break-joint 
block, and is in the form of a T, or a block having a 
tongue. This block is put in a groove back of ring 
groove of piston, and of the same depth and width. 
The tongue extends into ring groove, between ends of 
rings. 

II This block should be carried on the bottom of the 
cylinder. 

The operation is as follows: The steam-pressure 
Opening of Ring on top of Piston Head 

Steam Wowing through 

••D" 
.lidritoi Steam lidht 

Block in Rings 

Waif of 

▪ "An Fig.® "B" 
Broak4oint for Cylinder Pocking Rings 

E. P. haeock, Pot'd 

FIG. 12. 

drives the ends of rings against the block, making it 
• the same as a solid ring, and the tongue prevents the 

ends of ring from turning around on the top. The 
block wears with the rings, due to gravity. This device 
recommends itself on account of its simplicity and ab-
sence of springs or pins, and the results obtained from 
it after severe trials in all classes of locomotive service. 

We have another method of packing, in which the 
piston-head is made in sections (Fig. 13). This packing 
requires to be set out by the engineer when worn. 

The forward portion is called the spider. Between 
the arms are screw-studs, and on these are steel springs, 
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This action takes place for each end of the cylinder. 
The valve is encircled by a yoke, which has a stem 
passing out of steam-chest, through suitable packing. 

The valve is free in yoke, so as to adjust itself to the 
wear. 

The piston-head is an important factor in a locomo-
tive, and without it we could not handle our trains as 
we do, as there is nothing yet constructed that can 
take the place of a piston-head, and with as little com-
plication. What is essential in a locomotive is a smooth-
working, steam-tight piston. The power of the engine 
principally depends on the area of the piston-head in 
square inches, as the larger the piston-head the greater 
the power of the steam-pressure. 

The most common method of making a piston-head 
tight is by cutting grooves in head, and springing cast-
iron rings into the grooves, whose diameter is larger 
than the bore of the cylinder; then when put in the 
rings are compressed, and fit tightly against the walls of 
the cylinder. But when the rings become worn, they 
spread open where they have been cut, and the steam 
blows through, which creates a loss of heat and power, 
which is not economical. 

There are devices to prevent this, such as dowel-pins 
and lap-joints. Dowel-pins have a tendency to wear 
grooves in cylinder and let the steam blow through. 
Lap-joints or tongues break off and produce the same 
result. There is also danger of knocking out a c) En-
der-head and doing other damage by means of broken 
tongues. 

A simple device, which has demonstrated itself to be 
a perfect remedy for this joint, and which is easily con- 


