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Introduction

The greatest value that any book possesses is the suggestions
it affords the person who reads it. In the early days of railroads,
ignorance was general; that day has passed. To-day to be ignorant
is to be ignored.

The enginemen of the railroads constitute as highly a trained
class of men as are found connected with the mechanical world
of trade at the present time. Their knowledge will increase with
time and experience.

Men, as a rule, have no love for study, but the taste grows,
and if one man studies, all must study or be outdistanced in the
race of life. Thus the ambition of one man starts the others
forward.

With enginemen many methods have been employed to in-
crease their knowledge so that they may better serve themselves
and the railroads with which they are connected.

In order to pass the examinations, experience, careful study,
preparation and ability are required. No book, of course, can
directly supply all those qualities, But Indirectly such book
knowledge may contribute much to the enginemen in the hour
of emergency. g

It is essential that the fireman and engineer should be familiar
with the construction and operation of the subsidiary machines
and devices that form the modern locomotive if he hopes for
success in his profession, and the aim of this work is to help him
achieve success.

My object is to make this Manual so clear and simple that the
youngest fireman can comprehend what is dealt with.

It is not pretended that it treats of every particular kind of
locomotive appliance or breakdowns, nor does it go into details.

On all railroads it’s the practice to examine enginemen; such
examinations differ on various roads, and it is needless to say
that it would be sufficient to memorize the answers to questions
given herein. They are simply given to be used as a guide in pre-
paring for examinations, and to familiarize himself with the de-
tails of the mechanism and construction of the locomotive.

I take the pleasure of extending public thanks to those who
have contributed articles in the preparation of this work; and to
the manufacturers who have so kindly rendered their assistance.

This book is respectfully submitted, but not without conscious-
ness of its many imperfections, to the enginemen for their ap-
proval. :

W Pk
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Steam

Records show that steam was used for heating purposes back
to the year 160 B. C. To James Watt, more than any other man
is due the honor of first controlling and utilizing steam for
power, and perfecting the steam engine, though others had used
steam for power before Watt.

Steam is the vapor of water generated by heating water above
the boiling point, hence steam is water in a gaseous state and is
colorless and imperceptible to the eye. The vapor seen escaping
from a vessel of boiling water, or rolling in clouds from the ex-
haust of an engine, is only a modification, or diluted agent of the
mighty force that does so much of the world’s work.

This vapor is steam that is resolving itself back into water,
the change which is visible is caused by its contact with the
cold air.

Saturated steam is steam either in contact with the water
from which it was generated or, if separated therefrom, is kept
at the same temperature and pressure. Wet steam is steam not
only saturated, but also holding in suspension unevaporated water
in the form of minute drops; it holds this water in suspension
mechanically, due either to ebullition of the water from which it
is generated or else from a rapid flow of steam from near the
surface of the water,

Dry steam is the term usually used for saturated steam in
distinetion from wet steam., Superheated steam is steam removed
from contact with water and heated above the temperature of the
water from which it was generated; it is variously called steam-
gas, surcharged steam, or anhydrous steam. Steam more closely
resembles a perfect gas when superheated than in any other state,
and it is for this reason that in the locomotive the attempt is
made to superheat the steam. The boiler has a dome from which,
and at quite a distance above the usual water level, reasonably
dry steam is taken, passed through a pipe called the “dry pipe,”
and branching in the smoke-box or front end of the locomotive
where the escaping hot gases have a tendency to superheat it,
passes into the two cylinders in which its energy becomes useful.

In steam, as in other gases, there is a natural repulsion be-
tween its various particles, each particle trying to separate itself
from the others, so that it will fill the receptacle in which it is
placed, regardless of the quantity of steam or size of the vessel
holding it. Its natural tendency is to expand and thus push out
whatever resists expansion. If the steam is enclosed and super-
heated, therefore, as in the case of a locomotive boiler, the natural
tendency of its particles to separate is intensified and we thus
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obtain, according to its quantity or volume, the steam pressure
required.

Real steam is an invisible gas, or, rather, a transparent fluid,
really water changed into gas by the action of heat. Accordingly,
to make the steam that an engine requires water must be boiled.
To hasten this and to lessen the cost, the boiler is permeated with
tubes, or flues, connecting with the fire-box, into which the flames
therefrom are drawn, thus multiplying the heating surface and,
in so far as this is done, hastening the boiling of the water and
the generation of steam. As the water is transformed into steam
it rises into the dome. From there it is released by opening the
throttle valve and is thence conveyed, through the dry pipe and
steam pipes, through the steam chest, thence to the cylinders.

It is the expansive power of the steam operating through the
mechanism of the cylinders that affords the propelling power of
the locomotive.

THEORY OF SUPERHEATING

The theory of superheating contains several important points,
and without going into the realm of thermodynamics we may
glance at the advantages which are claimed for superheated steam.
In the first place, superheated steam contains a greater amount of
energy per pound than dry, saturated steam does if both are at
the same pressure, This increased energy ig in the form of heat
units,” which enables the superheated steam to do more work in
the eylinders than saturated steam could do if both were ex-
hausted at the same pressure.

The reason for this is that dry, saturated steam is always on the
point of giving up some of its heat and turning into water, - Such a
loss not only reduces the volume and pressure in the cylinder, but
it gives up the store of latent heat contained in the particles of
steam which are thus turned to water, and as the latent heat of
steam is 970.4 British thermal units, it is evident that the loss
owing to condensation is very considerable. If now, by super-
heating, we give to the steam, which is so ready to fall back into
the. form of water, a temperature greater than that due to its
pressure, condensation will not take place until the superheated
steam has given up the whole of the heat represented by this
extra temperature. There is, of course, a reduction in tempera-
ture whien superheated steam strikes the comparatively cool walls
of the eylinder, but there is no condensation. This is practically
where the principle upon which the value of superheating depends.

The increase of temperature in superheated steam augments
its volume, and all the moisture which is sure to be contained in
saturated steam and any particles of water which may have been
entrained as the steam entered the throttle valve are evaporated,
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and thus the action of the steam in the eylinders, that is, its
expansion, follows the laws which apply to a perfect gas. Super-
heated steam also possesses a higher veloeity than saturated steam
at the same pressure, this results in the hotter steam more rapidly
passing through the steam pipes and ports, and reaches the piston,
if one may say, with increased striking force, which is an ad-
vantage in high-speed service.

In writing of this subject in their catalogue, No. 10,037, the
American Locomotive Company says that “actual experience, as
well as theory, proves that these advantages are obtained to the
fullest extent only by the use of high degrees of superheat, by
which is meant from 150 to 175 degrees Fahrenheit and above.”
The table published in connection with these remarks shows that
for the lower ranges of superheat, such as 25, 50 and 75 degrees
Fahrenheit, the economy is small.

A very satisfactory reduction in the amount of water con-
sumed is evident when superheating is carried out. This amounts
to from about 15 to 25 per cent for superheated steam receiving
150 to 200 degrees Fahrenheit of superheat. A reduction of the
fuel used is also one of the advantages of superheating, which
follows from the fact that less water has to be evaporated to do
a given amount of work.

In desecribing the principle of superheating one might almost
say that it is utilizing waste heat to change high pressure tog
into a perfect gas,



Combustion’

Three things are essential to combustion or burning in a loco-
motive fire-box, as well as elsewhere. They are: The fuel to be
burned; oxygen, the supporter of burning, and the igniting
temperature of the fuel. Sometimes in our attempts to economize
we apparently lose sight of two of these and regretfully watch the
other disappear into the fire-box. One person’s regret may be due
to the fact that the fuel is costing him money, while the other
may be thinking of the fuel only in relation to the performance
sheet. What is needed just now among all railroad men who have
any immediate connection with the consumption of fuel is a con-
centration of attention on the interdependence of fuel, oxygen and
ignition temperature.

The fuel used on most of our locomotives is soft or bituminous
coal, and for that reason it will receive sole consideration in this
discussion. Let it be said that coal, as such, does not burn. Be-
fore any burning can occur the coal must be broke down, which
process requires an expenditure of heat. The first products of this
breaking down process are coke and gases. The coke is made up
of carbon (technically known as “fixed carbon”) and those sub-
stances which help to make the ash, The gases evolved are almost
all composed of hydrogen (the lightest known gas) and carbon,
therefore called hydro-carbons. These hydro-carbons must also
be broken down into their components, hydrogen and carbon.
Practically speaking, the heat value of a ton of bituminous coal
depends on the number of pounds of fired carbon and number of
pounds and relative composition of the hydro-carbon gases which
will be produced wupon heating it. In general the hydro-carbons
are in excess of the fixed carbon, and the two together will usually
average from 1,600 to 1,700 pounds per ton of coal.

The real process of burning in a locomotive fire-box is the unit-
ing of oxygen, a gas, with the fuel to be burned. In this uniting
process heat is evolved and used in generating steam. 1If a
sufficient supply of oxygen be present, a pound of earbon will burn
to form a colorless gas, carbon dioxide, and enough heat will be
evolved to convert 12.5 pounds of water into steam, the water to
begin with being at the tank temperature, and the steam generated
at a boiler pressure of 180 to 200 pounds. If, however, the supply
of oxygen be restricted, then another colorless gas will be formed
called carbon menoxide, and but 4 pounds of water will be evapo-
rated under similar conditions of pressure, ete, That is, with the
same carbon to be burned one may get its full heat value or less
than one-third, depending solely upon the supply of oxygen. A

*From Mr. J. W. She'pherd.
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pound of hydrogen burned will evolve heat enough to evaporate
54.5 pounds of water under the above conditions.

The igniting temperature of carbon is a little more than 900
degrees Fahrenheit; hydrogen about 1,200 and hydro-carbons from
940 to 1,230 degrees. There is no reason why these temperatures
cannot be constantly maintained in a fire-box.

It need hardly be mentioned that in obtaining’ fuel we must
take what nature has provided for us, but in supplying the oxygen
—which is just as necessary—man'’s skill is called into play. This
important gas, oxygen, is a part of the air, being about one-fifth
of it, by volume, Since it may be had for the taking, the engine-
men's source of supply is the atmosphere and by extraordinary
demand is met by an induced draft. At present this draft is pro-
duced by shooting the exhaust steam into the stack. Objections
to this method are back pressure in the cylinders and the almost
absolute dependency of the strength of draft on position of re-
verse lever, or cut off. This latter objection frequently manifests
itself to the discomfiture of the fireman and also in the loss of
fuel. The economic considerations of th® present warrant the
prediction that another method must supplant this one.

Not only is oxygen necessary for burning, but it must touch
whatever burns. Right here is where locomotive men’s troubles
begin in earnest. It is not enough that the requisite amount of
oxygen pass through the fire-box in a given time, but its nusefulness
is largely determined by just where it is going through the box.
To fllustrate: Some time ago the writer had occasion to ride on
a locomotive used in heavy freight service, This particular loco-
motive was known among the men as “the coal eater,” and the
reason was soon apparent, for practically all the oxygen was being
pulled up through the forward two-thirds of the box and the fire-
man kept steam at the expense of fuel. Evidently the draft ap-
pliances were improperly adjusted. Other instances might be
cited in which with apparently a proper adjustment of draft ap-
pliances similar results were temporarily produced on account of
uneven firing. These illustrations are based on the improper
utilization of grate area, and instances of “holes” in a fire and
“elinkers” belong in the same category.

In an earlier part of this chapter it was stated that of the two
heat-producing factors from coal the hydro-carbons usually weigh
more than the fixed carbon. About one-fifth of the weight of the
hydro-carbons is the weight of the hydrogen which they evolve
when broken down. And a pound of hydrogen, it will be re-
membered, is worth more than 4 pounds of carbon for heating
purposes. It must be evident, therefore, that more than half the
fuel consumed in a locomotive is consumed as gases. In this con-
nection it is well to remember that when these gases are evolved
they do not loiter, in order to be burned, but hasten at once
toward the stack. One or two seconds’ delay in burning them
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means their loss. If they remain intact they, being colorless,
escape unnoticed. This is the condition that generally obtains
when a fire is badly clinkered and the fireman longs for black
smoke while his pointer continues to drop backward. No wonder
the pointer goes back. Heat is expended in breaking down the
coal, and then the best part of the fuel is simply thrown away.
When a firemin produces black smoke he does so because he is
partially, but only partially, burning the hydro-carbon gases, and
thereby is getting something in return for the heat used in evolv-
ing them and breaking them down. Such a smoky fire will gen-
erate more steam per pound of coal than the smokeless, cindery
one cited, but that does not justify the belief prevalent among
some enginemen that a smoky fire, is the best kind of steam,
Black smoke is unburned carbon from the hydro-carbons. It is
unburned usually because of the lack of sufficient oxygen. In this
dearth of oxygen some of the carbon is partially burned to form
carbon monoxide. Therefore the black smoke by no means repre-
sents the fuel loss from a smoky fire. [t is simply an indicator
pointing to a loss. In general a smoky fire is produced by putting
the coal into the box in such a way and in such guantity that the
hydro-carbons upon being evolved are not in contact with sufficient
oxygen for their complete burning. Fires that roll out dense
clouds of black smoke are not the only ones that waste fuel. A
given amount of hydro-carbons requires a certain amount of
oxygen for complete burning. But suppose there is an insuf-
ficiency of oxygen, then some of the carbon may be but partially
burned, forming carbon monoxide, which is perfectly colorless.
There is always danger of a loss of fuel in heavy firing, because
of the large amount of hydro-carbons evolved in a given time.

Too much stress cannot be laid on the consideration of the
hydro-carbon gases in locomotive combustion, for they are either
the friend or the foe of the fireman just as he chooses to make
them, If properly handled, they are worth more than all else he
can get from his coal, or if improperly handled he may lose almost
any portion of them and obtain black smoke besides. To secure
proper combustion of these gases then, immediately upon being
evolved they should be mixed with sufficient oxygen for their
complete burning. On some roads a brick arch is used to assist
in this mixing.

No stress has been laid on the burning of the carbon in the
coke, because it simply lies on the grates and waits for the oxy-
gen to come along. A fireman doesn’t lose fuel from that source.

Since oxygen must touch whatever burns it is evident that coal
should be finely broken in order to insure proper contact. At
present too much coal is put into fire-boxes in large chunks, and
the hydro-carbons evolved do not have the chance to come in touch
with oxygen as they must in order to be burned.

A word might be sald regarding the influence of moisture in

—w
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coal—also the practice of wetting coal—aside from the fact that
it takes heat to evaporate this moisture. The steam generated
from a quantity of water occupies about 1,800 times the volume
of the water at atmospheric pressure. At a reduced pressure
and high temperature, such conditions as one would find in a
fire-box, the volume would be correspondingly larger. Therefore
water introduced into a fire-box through any medium, upon be-
coming steam (and if not dissociated) occupies space that would
otherwise be filled with other gaseous products. That is, the
efficiency of the draft is impaired. This same effect manifests
itself in firing on damp or rainy days.

As a concluding statement, permit the prediction that inherent
objections to the present method of draft and the present form of
fuel make a change in both necessary.

QUESTIONS AND ANSWERS
ON COMBUSTION

Q.—What in your opinion is the simplest method by which
engineer and fireman can save fuel?

A.—First, be sure that the engineer knows how to direct the
work of the fireman. Second, that the fireman is willing and
intelligent enough to see and do as he is instructed, then it be-
comes merely a matter of getting them to co-operate in their work,
after which good results are bound to follow. Any plan that
fgnores the absolute authority of the engineer must fail. Much
unsatisfactory service of the power as well as many absolute
failures may be directly traced to the want of a directing head
on the engine.

Q.~—What is combustion, or burning? :

A.—It is the union of that element of the air known as oxygen
with the hydrogen and carbon of the coal, this union forming
a £
Q.—What are the elements of fire, as considered in locomotive
practice?

A —Quality of fuel, composition, distribution and application
of air through the burning fuel to produce the greatest possible
degree of heat with the smallest possible consumption of fuel.

%—-g there such a thing as perfect combustion?

~—No.

Q.—What is perfect combustion from a theoretical standpoint?

A.—It is combustion that supplies just the required number
of heat units to furnish a given amount of steam at all times to
perform the required work without a fuel waste.
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Q.—Why can it not be attained?

A.—The manner of supplying the fuel to the fire at irregular
intervals and in varying quantities; the loss that is continually
taking place from imperfect combustion, which will be spoken of
later; the variation of grades, load and speed, with consequent
variation in cut-off and fuel consumption. While a heavy train
means more money earned than a light one to offset the increased
fuel consumption a higher rate of speed increases the amount of
coal consumed without any increase in the earnings; so that it
is evident from an economical standpoint fast trains are not a
success. For these reasons perfect combustion is impossible in
locomotive practice, and is not attained with stationary boilers
where the engine load and speed is not variable.

Q.—What is meant by the term heat unit?

A —The amount of heat necessary to raise one pound of water
one degree Fahrenheit. :

Q.—What is its equivalent mechanically expressed?

A.—The power exerted to raise 772 pounds one foot high.

Q.—How many heat units does a pound of coal burned repre-
sent?

A.—It varies with the quality of coal burned, but about 14,000
may be considered a fair average with the different grades of coal.
With an excellent grade of coal where there was but very small
loss from unburnable material it would run much higher, and
with a poor grade the opposite condition would prevail in a
similar degree. A good grade of coal that cost much more than
a poor one is often the cheaper when the relative amount of heat
units in the two are considered.

Q.—What is the amount of water evaporated for each pound
of coal consumed?

A —Seven to eight pounds of water to one pound of bituminous
coal burned; about one pound less water is evaporated per pound
of anthracite coal.

Q—What are the two most important elements in the produc-
tion of combustion?

A —The carbon of the fuel and the oxygen of the air. These
two elements have a strong natural affinity for each other, which
fact aids greatly in the process of combustion and producing both
light and heat amid violent evolution of the gases, within the
fire-box.

Q.—What is the composition of soft coal?

A.—About 80 per cent carbon, 5 per cent hydrogen, and the

remainder may be classed as waste material, that is, incombustible
matter,

Q.—What is the amount of air required to consume one pound
of soft coal?

A.—The exact amount can not be given in locomotive practice,
owing to the varying conditions of the fire and the work and the
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quality of the coal used, but from 12 to 18 pounds is a fair average.
The rate of air admission must be proportionate to the coal con-
sumption. Too much alr, especially if admitted above the fire,
cools it and causes a fuel waste; too little air supplied causes
imperfect combustion with a consequent fuel waste.

Q.—How much space does a pound of air occupy?

A.—Thirteen cubic feet. Taking 12 pounds of air, the lowest
rate of air consumption per one pound of coal, multiplied by 13
cubic feet, gives 156 cubic feet of air used for each pound of coal
burned; allowing 20 pounds for a shovel of coal gives 3,120 cubie
feet of air consumed for each shovel of coal burned, and on that
basis 31,200 cubic feet of air for each ton burned. The necessity
of unrestricted air admission through the grates is obvious to any
one who cares to give the matter any consideration whatever.

Q.—How can the amount of carbon and hydrogen in coal be
determined?

A.—Only by chemical test. Therefore the comparison of coal
sheets of parallel lines of road with varying grades and gualities
of coal is no fair comparison in any sense of the locomotive
performance.

Q.—Which is the lighter gas, carbon or hydrogen?

A.—Hydrogen. It raises first and is first consumed of the gases
of any given piece of coal, and a certain amount of moisture is
consumed with it. The carbon is next burned, but the two burn-
ings are so rapid as to be practically one and the same. Nothing
in nature is destroyed. Its form only is changed. Coal by com-
bustion is changed into heat and waste material; the oxygen of
the air changes its form, and water is converted into a gas called
steam, to be later vaporized and changed back to water by cool-
ing. Always changed but no destruction of matter.

Q.—Is oxygen necessary for combustion? 2

A.—Absolutely: It must also come in contact with whatever
is to be burned, so that the admission of air is the important
matter in combustion.

Q.—What change must occur with coal before it is burned?

A.—It must be broken down, that is, the heat properties must
be separated from the waste material, and heat is required to do
this and by its application gas and coke are produced. Coke is
known as the fixed carbon of the coal, and the waste material is
designated as ash. The gas is carbon and hydrogen. The hydro-
gen and carbon in a ton of coal is equal, as before stated, to
about 85 per cent of the whole, or 1,700 pounds for one ton of .coal.

Q.—What gas is formed by the proper mixing of oxygen with
the gas from the coal?

A.—Carbon dioxide. A colorless gas.

Q.—What result as to loss of heat does insufficient air admis-
sion to a fire-box have?
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A.—A pound of carbon turned to carbon dioxide will convert
125 pounds of water into steam at a high boiler pressure, but with
too small an admission of oxygen only about one-third as much
water will be evaporated under similar conditions, so that the
fuel waste is enormous; therefore, the restriction of the draft
area by reason of bad damper arrangement or handling, or from
clinkered or heavy fire are expensive matters for the railroad com-
panies financially, and physically for the fireman who makes the
steam.

Q.—What three important things are to be considered as most
esgential in combustion?

A.—The kind and quality of the fuel to be burned; the ad-
mission or furnishing of sufficient oxygen—the supporter of burn-
ing—to the fire, and the igniting temperature of the fuel burned.

Q.—What usually controls the kind and quality of coal burned?

A.—Natural availability. Often a soft coal is used that shows
a poorer rate of heating power than some other coal that must be
hauled from a distance. However, it will make the steam by
using more of it, and its availability over the other coal makes
it cheaper per 100 ton mile even with a higher consumption.

Q.—What is the igniting temperature of bituminous coal?

A.—Carbon 900 degrees, The two gases united as hydro-carbons
950 to 1,250 degrees Fahrenheit. These are only approximate
figures for the different grades of soft coal, the kind most com-
monly used in locomotive service.

Q.—What part of the air is oxygen?

A —About one-fifth part. The source of supply is unlimited,
but the same is not true concerning the source of admission. To
meet this demand for abundant air admission and to meet the
extra demand by the use of large locomotives various plans
were tried.

Q.—Explain some of these plans.

A.—At first by increasing the length of the fire-box to such a
degree that it was found to be impractical for efficient firing and
combustion. To give the required grate area and shorten the box
to reagonable proportions the shallow fire-box extending out over
the frame and rear drivers; or trail wheels on some types of
locomotives with high drive wheels.

Q.—Has any other method of admitting air other than through
the grates been tried, and with what result?

A —Admission by hollow stay bolts and by flues running from
the atmosphere through the fire-box sheets above the fire, and
known as combustion flues. The all-hollow stay bolt is not used
as much as formerly and the combustion flues are used in a milder
degree.

Q.—Why are combustion flues used to a less extent than
formerly?

ENGINEMEN'S MANUAL & S

A.—The admission of air above the fire through a number of
two-inch tubes was found to be more detrimental than beneficial,
on account of such large currents or air cooling the fire and sheets
and tubes of the fire-box. Where the grate area is deficient, air
admitted in small jets above the fire would be of benefit, as it
would mix readily with the gases without cooling them to such
an extent as is done by combustion tubes.

Q.—Why is air that has passed through the grates to the fire-
box preferable for the purpose of combustion?

A.—DBecause in passing through the fire it becomes heated and
is more ready to unite with the coal gases and take its part in
combustion than that which is admitted above the fire. A certain
amount of air admitted above the fire can be used without notice-
able loss, but the heat loss is considerable when it is admitted in
such guantities as to cool the gases below the igniting tempera-
ture. All firemen know what the result of holding the firedoor
open is on the fire.

Q.—What regulates the openings between the grate fingers in
addition to the air admission?

A —The openings must not be so large as to allow coal to drop
unburned in the ash pan. They should rock enough to shake
small cinders and pieces of slate through readily.

Q.—How can the necessity for the immediate burning of the
gases be illustrated?

A.—As before stated, at a high temperature with plenty of
oxygen admitted to the coal gases, carbon dioxide is formed with
a heat value three times as great as where the supply of oxygen
is reduced or the temperature is too low, and carbon monoxide is
formed; they do not waif to be burned, but are at once carried
forward through the flues and escape unobserved out of the stack
to the atmosphere,

Q.—Why is escaping gas from a smokestack not noticeable?

A.—DBecause it is colorless. Turn on a gas jet and watch if
You can see the escaping gas.

Q. —Will gases be burned after once they have entered the
tubes?

A.—To no great extent.

Q—Why?

A —Because of the low temperature within the tubes and the
amount of heavy gas they contain. A light lowered into a well
where there is a carbonic acid gas immediately dies, and so the
blaze from the fire-box enters the flues but a short distance and
dies. That the temperature of the flues is low is demonstrated
by the fact that flues seldom, if ever, leak in the smokebox end,
evidence that they are not subjected to the great temperature
variations that they are in the fire-box end.
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Q.—Is a fire that gives off plenty of black smoke evidence that
all the gases are being consumed and that it is the best kind for
steam?

A.—No. A fire that is in good condition will always give off
some black smoke when a fresh supply of coal is put on the fire,
but this will only be for an instant, unless a large amount of
green coal has been used. Light firing will do away with much
black smoke, which is an indication of too little oxygen for the
amount of coal supplied and represents unburned carbon and
a loss of heat.

Q.—Does black smoke represent all the heat loss that may be
taking place?

A.—No. Colorless gas may be escaping at the same time
unnoticed.

Q.—Is there any difference in the amount of coal burned in
either end of the fire-box under different conditions of service or
cut-off ?

A.—There is. When engine is first started and when getting
under headway, the draft is strongest through forward end of
grates. This is due to the presence of the baffle sheet in front
end covering a large portion of the upper flues, while the lower
ones are free to accommodate the violent eirculation which takes
place under such service; and the air to supply the circulation
will naturally come from the most convenient source, which is at
the point nearest the lower flues, the forward end of fire-box.
When headway is gained and lever is cut back, the draft becomes
less violent, giving time for a more equal circulation through all
the grate surface, and all the flues as well.

Q.—What effect, if any, does the regulation of draft have on
the life of flues?

A —Theoretically speaking, there would perhaps be little, if
any difference, assuming that the grate surface be amply supplied
with fuel to meet the variations of draft, as already explained in
the foregoing answer; but the difficulty of meeting these changes
by the average fireman is apparent to any practical man. So, if
the front end of grates is not properly supplied with coal at times
when the draft is strong there, holes will be pulled through fire,
permitting cold currents of air to strike the flues, which may
cause them to leak. It requires the greatest skill on the part of
the fireman to prevent this, for if he finds the fault only after the
steam has gone back the damage to flues may have already taken
place.

Q.—Why is it necessary that front-end doors and joints of
cinder hoppers be kept tight?

A.—To prevent the vacuum creating action of the exhaust from
being interfered with. Also to prevent admission of air that
might fan fire created by sparks.

Q.—How does the size of exhaust tip affect the steaming and
working of the engine?
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A.—As all the steam from the eylinders must escape through
the exhaust tip, its outward velocity will depend upon the size of
the opening. The smaller the tip, the faster the steam must rush.
When a tip is small some part of the steam will be prevented from
escaping, and will remain in the cylinder, obstructing the return
movement of the piston, causing back pressure.

Q.—What effect on fuel consumption has a small tip?

A —When the tip is small the velocity of exhaust steam is
high, which induces a fierce rush of the fire gases through the
flues, thereby wasting fuel.

Q.—What is the effect of admitting less than sufficient air to
the fire?

A, —The act of combustion produces a gas deficient in heat.

Q.—What is the effect of admitting an excessive supply of air
to the fire?

A.—The volume of air in excess of that needed to supply oxy-
gen to form carbon dioxide absorbs part of the heat that ought to
be used for steam making. It also tends to depress the fire below
the ignition temperature.

Q.—What is the ignition temperature of fuel?

A.—The degree of heat at which any kind of fuel begins to
burn is called its ignition temperature. Different kinds of fuel
have different igniting points. If one takes a piece of iron heated
to a dim red and applies it to a gas jet, the gas will not ignite.
Increase the temperature of the iron until it reaches a cherry
red and it will ignite the gas jet. From this experiment it may
be inferred that this ignition temperature of hydrogen gas is
about the same as the cherry heat of iron, which is about 1,600
degrees Fahrenheit. As carbon requires still greater heat for
ignition, it may safely be inferred that the heat of a fire-box per-
forming active duty is considerably higher than the cherry heat
of iron.



Handy Rules in Arithmetic

To find the circumference of a circle multiply its diameter
by 3.1416.

5 F;1:;0 find the diameter of a circle multiply its eircumference by
1831,

To find the area of a circle multiply the square of its diameter
by .7854.

4 Tosﬁnd the cubie inches in a ball multiply its cube of diameter
y .5236.

To find the revolutions of drivers per mile divide 1680 by the
diameter of the wheel in feet.

To find revolutions per minute multiply the speed in miles
per hour by 28 and divide the product by the diameter of the
driving wheel in feet.

To find piston speed in feet per minute multiply revolutions
per minute by twice the stroke of piston in feet.

To find the speed of train per second multiply speed in miles
per hour by 22 and divide by 15.

To find time when rate of speed and distance is given multiply
distance by 60 and divide by rate of speed.

To find rate of speed when distance and time are given, dis-
tance multiplied by 60 and divided by the time in minutes.

To find the distance when the time and rate of speed are
given, multiply the time by the rate of speed and divide by 60,

To find the number of tons of coal in a bin: Length, height
and width of pile in feet multiplied together, divide by 30 for
hard coal, by 35 for soft coal, by 128 for cords of long wood,
and by 135 for cords of sawed wood.

)
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British Thermal Unit

The British thermal unit, generally expressed in the letters
B. t. u, is the quantity of heat required to raise the temperature
of one pound of water one degree. As a gallon of water weighs
8!5 pounds, it requires 8! B. t. u. to raise the temperature of
one gallon one degree, 1624 B. t. u. to raise the temperature two
degrees, and so on. Thus, when a given coal is said to have a
heat value of 13,800 B. t. u. per pound, it is meant that if all the
heat caused by the complete combustion of one pound of that
coal could be transmitted to 13,800 pounds of water it would raise
the temperature of that water one degree. Or, if all the heat
could be transmitted to, say, 138 pounds of water, it would raise
the temperature of that water just 100 degrees, because 138 x 100
= 13,800. The pounds of water heated multipled by the number
of degrees the temperature has been raised equals the number of
B. t. u. The standard method of finding the heat value of a fuel
is to burn a small sample of it in a tight steel bomb under water.
The heat caused by the burning of the sample is then all absorbed
by the water and by multiplying the weight of the water by its
rise in temperature and dividing by the weight of the sample,
the heat value of the coal is calculated direct in B. t. u. per pound.



Dlinition of Technicsl
Terms

Absolute pressure of steam is its pressure reckoned from
vacuum; the pressure shown by the steam gauge, plus the pres-
sure of the atmosphere.

Boiler pressure is the pressure above atmosphere; the pressure
shown by a correct steam gauge.

Initial pressure is the pressure in the cylinder at the begin-
ning of the forward stroke.

Terminal pressure is the pressure that would be in the eylinder
at the end of the piston’s stroke if release did not take place
before the end of the stroke; it can be determined by extending
the expansion curve to the end of the diagram, or by dividing
the pressure at the cut-off by the ratio of the expansion.

Mean effective pressure is the average pressure against the
piston during its entire stroke in one direction, less the back
pressure.

Back pressure is the loss in pounds per square inch required
to get the steam out of the cylinder after it has done its work.
On a locomotive it is shown by the distance apart of the atmos-
phere and counter pressure lines.

Total back presswre is the distance between the lines of counter-
pressure and perfect vacuum represented in pounds.

Initial expansion is shown by the reduction of pressure in the
eylinder before steam is shut off.

Ratio of expansion would be the ratio of the fall in pressure
between the cut-off and the end of the stroke, providing there
was no exhaust.

Wire drawing is the reduction of pressure between the boiler
and cylinder; it often causes initial expansion. It is caused by
contracted steam pipes or ports.

Clearance is all the waste space between the piston and valve,
when the piston is at the end of its stroke.

A unit of heat is the heat required to increase the temperature
of one pound of water one degree Fahrenheit when the tempera-
ture of the water is just above the freezing point,

A unit of work (foot pound) is one pound raised a height of
one foot. One unit of heat equals 772 units of work.

One horse power is 33,000 pounds lifted a height of one foot
in one minute; or one pound lifted 33,000 feet in one minute or
an equivalent force.

Indicaled horse power is the horse power shown by the in-
dicator. It is the product of the net area of the piston; its speed

L4
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in feet per minute and the mean effective pressure divided by

- 33,000 pounds.

Net horse power is the indicated horse power less the friction
of the engine.

Saturated steam, called dry steam, is steam that contains just
sufficient heat to keep the water in a state of steam.

Superheated steam is steam which has an excess of heat
which may be parted with without causing condensation.

A ton mile is a unit of measurement of train weight. It repre-
sents one ton hauled one mile,

A car mile is also a unit of measurement, when the rating is
based on cars hauled, and a car mile represents a car hauled one
mile.
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Pounds in Locomotives

Pounds are generally caused by slack wedges or rod keys, or
a loose driving binder. A broken frame or driving-box jaw will
cause a pound, but quite often their breakage is due to a neg-
lected pound in a rod or box.

A loose follower bolt or head, a piston loose on piston rod,
or a main rod keyved too long and allowing piston to strike
cylinder head will cause a pound, and if very bad will result in
the breakage of the cylinder head itself. A pound of this kind
is more pronounced when steam is shut off and engine drifting,
as all the slack in the rod and connections is free to move to the
limit, there being no steam pressure in eylinder to cushion and
restrain. A pound of this kind is more noticeable when main
rod is passing forward center.

If a pound is caused by a main rod being too long have it
shortened; if by a loose piston head or any of its parts remove
cylinder head and tighten the part.

With a main rod long enough so that packing rings can drop
into counterbore, and yet not long enough so that piston will
strike cylinder head, the sound will be much the same as a
pound and is rather more difficult to locate. The mark will show
on the edge of the counterbore if cylinder head is taken off and
an examination made.

Little can be done for a pound caused by a broken frame or
pedestal jaw except to work the engine lightly to the terminal
and have the necessary repairs made there.

Pounds cause nuts to work loose and fall from bolts, binder
studs to work out and be lost, and rod straps, pedestal jaws and
frames to be broken.

A bad pound at the front end of the main rod is more liable
to cause a breakage of a strap that any other pound, as the whole
strain is thrown on the strap when the rod is in tension. In
keying the front end of a main rod care must be exercised not
to get the brasses too tight on the wrist pin, as front end brasses
cut out easily if too tight. Key on lower eighth or quarter. The
wear is greatest on the front and rear of the wrist pin, owing to
the direct pull and push of the piston. In keying, the key should
be driven a little at a time and the front end of the rod moved
laterally on the wrist pin with a short chisel until the desired
tightness of the brass to the pin is secured.

Owing to the peculiar motion of the front end of a main rod,
which is a combination of the movement of the cross-head in the
guides and the crank pin of the main driver to which the back
end of the main rod is connected, the wear on a wrist pin is
different than that to which the crank pins are subjected.

-,
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The keying of back end of main rods seems to be a matter of
opinion or individual experience as to the best position of the
crank pin when key is driven. If a pin is round it makes not the
slightest difference as to its position when key is driven, or even
if the pin is out of round and the man driving the key knows how
to key at the position the pin is in, for in the other positions the

erank pin will assume in its revolution no bad effects will result.

The man who keys the back end of a rod so there will be a
thump in it at all—with a pin that is much out of round—when
the engine is given steam and thumped will have trouble.
Naturally the thump will come where the pin is the smallest, and
driving the brasses tight at that point will result in a hot pin.

Where rod grease is used care should be taken to wait until
the grease in the brasses is well worn out after screwing cup
plugs down before keying rods, for if the brasses are full of rod
grease they will not move freely on the pin and one gets the
impression that the brasses are tight on the pin, when in fact
they are not. In case one starts the babbitt in a brass it should
all be thrown out before stopping. Babbitt is seldom thrown out
where grease cups are used. A pin might become hot from brasses
being too loose—that is pound hot. If a pin runs hot it is not
advisable to slacken the rod key at that connection unless key
has been recently driven and is too tight. Look for some other
cause for the trouble.

The side rods should be keyed on the center, as at that point
the length of the rods will not be changed so as to interfere with
the revolution of the crank pins. Side rod brasses will not
pound, but will click if run too loose. If, on keying, a rod is
found to be too short or too long, the changing of a liner from
the front to the back of the pin, or vice versa, as the case may re-
quire, will remedy the trouble. If the side rod is too short the
outside brass will get the hottest; if the rod is too long, the end
or outside brass will be the hottest. These troubles are not likely
:n ocnt:‘ur unless rods have been down and not put up the proper
ength.

The keying of a double-keyed middle connection of a ten-wheel
engine should be in the following manner:

Place engine on center and drive both keys clear out. Put one
key in and drive it clear down, make a scratch on the key along
the top of the strap and drive key out. Do the same with the other
key. Start both keys and drive them down equally, that is, so that
when brasses are kKeyed satisfactorily the lines on the keys will
be equally distant from the top of the strap. The other ends of
the side rods can then be keyed, Side rods are often put up with
what are known as solid ends. Brass bushings are fitted into the
enlarged ends of the rod. When put up they run very nicely, but
as they wear, while they do not pound, they rattle and make a
great deal of noise, and as there is no way of keying them up
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snug to the pin they are often allowed to run in this condition
a long time before new bushings are submittéed for the worn
ones.

Properly the wedges should be adjusted before the rods are
keyed, but on most any engine, except one recently from the shop
or one that has been neglected, the wedges will be up and rods
keyed, except as to ordinary wear one becoming loose requires
them to receive attention. Under the pool system on most rail-
roads the adjusting of wedges and, to a large extent, the keying
of rods is left to the roundhouse force, and as a rule these things
are not cared for as they should be.

No one can adjust wedges and key rods as successfully as the
man running the engine, as he has (he opportunity to note any-
thing that is needed and can apply the remedy, but with pooled
engines it is not reasonable to expect engineers to do this work,
and the roundhouse having assumed it, should look after it more
closely than it usually does, for the heavy class of power soon
pounds itself to pieces when neglected.

A wedge should be so adjusted that the box can move up and
down freely in the pedestal jaws without sticking and, at the
same time, not allow room for the box to pound in the jaws. On
smooth, well-ballasted track this is not difficult to accomplish,
but over very rough track wedges will have to be run a little slack
or else the box will stick and the engine ride very hard.

The engine should stand on level, straight track when wedges
are being adjusted, as a curve in the track or an inequality in its
surface will pinch the box and wedge together, or allow too much
glack in the boxes on one side on a curve, and a proper adjustment
can not be obtained. The wedge should be forced up as far as it
will go and then pulled down a little, say from one-fourth to one-
half inch, according to the track the engine runs over and the
condition of the wedge. If the wedge is rough or has a shoulder
worn on it, the more play will be needed. Taking into considera-
tion the gradual taper of the wedge it will be seen that pulling
one down one-half inch does not give a very large amount of
play to the box.

Where wedges are set up by the roundhouse force, two pinch
bars, one in front and one behind the wheel, may be used to pinch
it up and down and show whether or not the box has the proper
amount of up and down motion in the pedestal jaws.

‘When it is desired to get all the slack in a box against the shoe
before setting up the wedge run the wheel to the box with a
pound against a block on the wedge side or the wheel at the
opposite end of the journal against a block on the shoe side.

After a wedge is set up it should be well oiled before starting
out. If a wedge bolt breaks, block between the binder and bottom
of the wedge and between the frame and top of the wedge. It
may be held in place sometimes by putting washers on the binder
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and changing the set nut so that it will overlap the break, but
blocking will usually be quicker and easier to accomplish.

When a wedge sticks, loosen the set nut on top of the binder
and tighten nuts under binder, or run wheel over a good sized
nut; this will pull the wedge down. It may be necessary to cool
the box down before doing this. If in a hurry, oil the wedge and
box good, loosen the set nut and go. This treatment ordinarily
will result in the wedge being loosened and coming down without
further trouble,

Stuck wedges are not only hard on the engine, but also on the
roadbed, and are particularly liable to do damage to bridges, and
an engine should not be run any distance in that condition, and
more particularly at a high rate of speed.

Wedges need more oil in dry weather than in damp, as the

dust dries up the oil on them the same as on guide bars or other
parts of the machinery. The top quarter offers the best op-
portunity to work at wedges.
A loose driving binder will cause a pound similar to a loose
wedge, and may be caused by loose bolts or the binder being poorly
fitted to the jaws. The hollow binder with a large bolt through
it and the binder jaws is preferable, as it is more easily kept tight
than where the binder is fitted to the lower ends of the pedestal
jaws and studs are used. These studs are continually working
loose and getting lost, and causing extra work and expense to
replace them,



Mikado Type Locomotives®

The Mikado type of locomotive, as illustrated and described in
the following pages, has been developed to meet the present te-
quirements of heavy freight service. The hauling capacity of a
locomotive is primarily dependent upon the weight carried on the
driving wheels, and the locomotive must be so proportioned that
the tractive force developed bears a suitable relation to this
weight. High tractive force, however, cannot be developed for
sustained periods of time unless sufficient steaming capacity is
provided. This is especially true if speed is an element of con-
sideration, since other things being equal, the higher the speed
the greater the horse power required; and the maximum horse
power that a locomotive can develop is directly dependent upon
the steaming capacity of its boiler.

The 2-8-2 wheel arrangement, as used in the Mikado type,
permits the use of a long boiler barrel in combination with a
wide and deep fire-box, which is placed back of the driving wheels
and over the trailing truck. The additional weight involved by
reason of the large boiler is carried on the trailing truck, so that
the driving wheels are not overloaded thereby. This form of
fire-box 1s specially suitable for burning high volatile coal, as
there is sufficient furnace volume for the combustion of the gases
before they enter the tubes. Cases are on record where Mikado
type locomotives have successfully burned fuel of a quality too
inferior for use in Consolidation type, engines of equivalent haul-
ing eapacity, but having smaller fire-boxes.

With a given weight on driving wheels and equal ratios of
adhesion, a Mikado type locomotive will show no superiority over
a Consolidation as far as starting tractive force is concerned.
As the speed increases, however, the tractive force of the Mikado
type will fall off less rapidly than that of the Consolidation,
because of the greater boiler power of the former locomotive. At
a speed of thirty miles per hour the Mikado type develops fifty
per cent of its maximum tractive force, as compared with thirty-
five per cent for the Consolidation; an increase in favor of the
Mikado type amounting to forty-three per cent. It should be
understood, of course, that the curves represent average condi-
tions, and that they are based on the assumption that the boilers
of both locomotives are being worked at their maximum evapora-
tive capacities.

Mikado type locomotives, because of their wheel arrangement,
are specially suitable for service in which it is frequently neces-
sary to run backward. The rear truck, under such circum-

* Courtesy of Baldwin Locomotive Works.
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stances, protects the driving wheels against flange wear, and
guides the locomotive into sharp curves and switches without
danger of derailment. It is largely for this reason that Mikado
type locomotives have proved specially successful on short in-
dustrial lines, where powerful locomotives are needed for both
switching and road service.

On Consolidation type locomotives having wide fire-boxes and
comparatively large driving wheels, the depth of the furnace
throat is necessarily restricted, and it is difficult to apply a satis-
factory design of brick arch. This difficulty is avoided in the
Mikado type, as there is ample space, between the grate and
bottom row of flues, for an arch with its supporting tubes, The
arch is an important addition to the furnace equipment, especially
when burning high volatile coal.

The majority of the large Mikado type locomotives now in
serviee and being built, are equipped with superheaters, and are
making excellent records for capacity and economy. The super-
heater is of special value when making long, hard runs, requiring
the locomotive to develop high power for sustained periods of
time. Under favorable conditions Mikado type locomotives with
superheaters, replacing Consolidation engines using saturated
steam, are hauling thirty to forty-five per cent more tonnage per
train with no increase in actual coal consumption.

The locomotive illugtrated and described in the following
pages is equipped with the Ragonnet power reserve mechanism.
This device greatly lessens the amount of labor required to handle
the engine, and saves valuable space in the cab, as the mechanism
is controlled by a small hand lever.

With a weight limitation of 60,000 pounds per driving axle,
which it is seldom advisable to exceed even with the best track
conditions, a Mikado type locomotive can carry 240,000 pounds on
driving wheels and can exert a tractive force of 60,000 pounds.
Such engines, equipped with superheaters, represent the maximum
tractive and steaming capacity thus far attained in eight-coupled
locomotives.



