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PEREFACE.

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

At no time have the different types of locomotive con-
struction and the methods of repair and operation had the
search-light of investigation turned upon them as to-day,
when every new piece of apparatus which has the least indi-



PREFACE.

cation of reducing the total operating and maintenance
expenses is welcomed, and accordingly tried out in practice.
The costs of fuel, water, labor, material for locomotive
repairs, wiping, hostlering, washing boilers, inspecting and
dispatching, and lubrication, are all factors which enter into
the problem of economical railroad management, so that it is
to be expected that water-softening plants, increased facilities
for weighing and handling the fuel, new types of valve gears,
the use of mechanical stokers, feed water heaters and super-
heaters are attracting world wide aitention. While many of
these newer features of locomotive construction are still in
their infancy, they have had the sanction of many of the
head men of the largest railroad systems ; and while, perhaps,
some of these newer features may not stand the sustained
test of time, yet they are steps which indicate the path which
locomotive engineering will take in the future.

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

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

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

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

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

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

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

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

Tue AvrHors.
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Locomotive Engineering

PROBLEMS OF ECONOMICAL OPERATION.

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

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

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

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

MALLET ARTICULATED TYPE OF COMPOUND ENGINE USED FOR HEAVY FREIGHT SERVICE ON THE
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absorb in every hour sufficient heat to evaporate from twelve to
fifteen pounds of water, from and at 212 degrees, for each square
foot of total heating surface. The larger part of this transfer
of heat takes place at the fire-box and fire-box end of the tubes.

The average amount of heating surface which is desirable in
a locomotive using soft coal is about sixty to sixty-five square feet
to every square foot of grate surface. If the heating surface is
made much less than sixty-five times the grate area, more heat is
generated than can be transferred to the water, and the boiler will
lose in efficiency. If, on the other hand, the heating surface is
made much more than sixty-five times the grate area, the transfer
of heat may be too slow, and it may be that if there should be any
increase in efficiency the increased cost and weight of the boiler
will more than counterbalance it.

Conditions of High Efficiency. To utilize the steam efficiently
in the cylinders so as to obtain a satisfactory percentage of heat
available in the steam, it is necessary to use steam of high pres-
sure and to use a high rate of expansion. In order to avoid the
condensation losses and the mechanical difficulties which attend
the use of a high ratio of expansion in a single eylinder, compound
cylinders are often used; that is, the steam is expanded succes-
sively in two cylinders.

The amount of steam required to develop a given amount of
work will vary considerably with the conditions of service. With
a single-expansion engine in slow speed service, about forty-five
pounds of steam per hour may be required for each horse power
developed in the cylinders, while a high-speed compound locomo-
tive has developed a horse power on about twenty-five pounds of
steam per hour. 4

Power Developed by a Locomotive. The power which can be
developed by a locomotive is determined by the rate at which the
boiler produces steam and by the rate at which the cylinders con-
sume it. For example, suppose the boiler is capable of produc-
ing 40,000 pounds of steam per hour, then if the cylinders use
forty pounds per horse power hour, the locomotive will be capa-
ble of delivering 1,000 horse power continuously, while if the steam
consumption of the eylinders is lessened to say 32 pounds of steam
per horse power per hour, the locomotive would be capable of de-
veloping 1,250 horse power.
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Adhesion and Tractive Power. In driving the engine and
train, the adhesion of the driving wheels to the rails must be used,
as the driving wheels are rotated by the cylinders and by reason
of the friction between the wheels and the rail, the locomotive is
moved. This sets a limit to the tractive power of a locomotive
of given weight, for if the cylinder power be increased beyond a
certain point, the wheels will begin to slip and the tractive power
will not be increased, but will be actually diminished as the wheel
slips.

The tractive power of a locomotive is limited, independently of
the cylinder power, by the weight on the driving wheels and by
the friction between the driving wheels and the rails. If the
rails are dry and well sanded, it is possible to utilize as tractive
power as much as thirty per cent of the weight on the driving
wheels, but to represent fairly good every-day conditions it is usual
to assume that twenty-three and one-half per cent of the weight
on the driving wheels is available for tractive power; or, in other
words, the weight on the driving wheels must be at least four and
a quarter times as much as the maximum tractive power required.
This, taken in connection with the allowable load on each wheel,
determines the number of driving wheels. TFor example, a locomo-
tive is required to develop a total tractive effort of 20,000 pounds
in starting. This engine must have at least four and a quarter
times this amount, or 85,000 pounds, on the driving wheels. Then
if the maximum allowable weight per axle is 32,000 pounds, the
adhesive weight, as found above, must be distributed over three
axles, and the engine must have six driving wheels. Tt is usual,
however, whenever possible to keep down the number of driving
wheels to a minimum,

The efficiency of a locomotive, therefore, depends upon the
efficiency of each step in the transmission of the power from the
fuel to the wheels, and the efficiency as a whole depends upon the
proper combination of these different factors.

Horse Power of Locomotives. Torse power of a locomotive
is proportional to the product of tractive force and speed, the rela-
tion being

s 4
375
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where I = horse power
T = tractive force in pounds,
V = speed in miles per hour,
and the speed at which a train can be hauled is shown ir the

formula

v 3 H
i

from which it can be seen that the speed at which a train of given
weight can be hauled is therefore dependent upon the horse power
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CHARACTERISTIC CURVES FOR ATLANTIC Type or LocoMoTIVE.

which the locomotive is capable of producing, and this in turn
depends principally upon the capacity of the boiler. From the
above formula a characteristic curve can be drawn for any type
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the spee

of locomotive to show the limitations of its power in relation to

d. For instance, Fig. 1 shows the curves for an Atlantic
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Cuaracteristic Curves For ConsoripaTioN Type LocoMoTIVE.

type of locomotive, and Fig. 2 shows the characteristic curves for
a Consolidation type of locomotive.

Tractive Force. The tractive force of a single-expansion
locomotive is determined by the following formula:

_ O2XSX.85XP

X2,
D

14
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in which

T=tractive force in pounds.
C=diameter of cylinders in inches.
S=stroke of the piston in inches.
P=mean effective pressure in pounds.
D=diameter of driving wheels in inches.

These factors are all constant with the exception of the mean
effective pressure. At slow speed, this is usually assumed to be
equal to eighty-five per cent of the boiler pressure. Owing to the
limited size of locomotive boilers, however, a speed is soon reached
at which it is impossible to maintain this pressure; hence an en-
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Reration oF SPEED AND MEAN EFFECTIVE PRESSURE.

gine must be worked at an earlier cut-off, with a consequent re-
duction in the tractive force developed. The accompanying dia-
gram, Fig. 3, shows approximately the drop in mean effective
pressure which oceurs as the speed is increased. This curve is
given by the Baldwin Locomotive Works as having been based on
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a large number of indicator diagrams taken from locomotives in
service, and represents average conditions. It will be noticed in
the diagram that after the speed has passed sixty revolutions per
minute, a mean effective pressure equal to eighty-five per cent of
the boiler pressure cannot be maintained. At 120 revolutions,
the mean effective pressure is reduced to sixty per cent; at 180
revolutions to thirty-five per cent; and at 340 revolutions to
twenty per cent. The tractive force in each case is reduced in
like proportion.

In order to increase the tractive force at high speed, the point
of cut-off must be lengthened, which results in raising the mean
effective pressure. This in turn requires an increase in boiler
capacity to fill the eylinders up to the point of cut-off. Assum-
ing, therefore, that the steam is being efficiently used in the cyl-
inders, the ability of the locomotive to haul a heavier train, or to
increase its rate of speed, depends upon the boiler capacity. It is
for this reason that locomotives of the Pacific type can develop
a high tractive force in heavy service with relation to the weizht
available for adhesion.

Effective Tractive Force. To determine the effective tractive
force which can usefully be employed in hauling a train, the force
necessary to overcome the resistance of the locomotive and ten-
der must be deducted from the total available tractive force. The
resistance of the locomotive and tender may be calculated by the
following formula given by Lawford H. Fry in Cassier’s Magazine:

T=8-40.087V+0.0036V?2,

in which

R=resistance in pounds per ton (2000 pounds) of the engine and
tender.

V=speed in miles per hour.

The resistance for the Atlantic type and Consolidation type of loco-
motive as caleulated for a half loaded tender is given in tables 1
and 2, and the force of this resistance, being deducted from the
available tractive force, the curves A’B’T) in Figs. 1 and 2 are
obtained.



24 PROBLEMS OF ECONOMICAL OPERATION.

TABLE I.
Atlantic Type.
3 4 | = .
a Available Resistance of Effective
Speed Boil ; ”

M. _E{r_ ! HorseIPB;wer Tr:ur-)l‘::'le] l?l“s:.‘rce Low.r’;&uz‘sgder Tra}i'::& I!i"‘:rce
10 928 34,800 1,430 32,370
15 975 24,400 1,570 22,830
20 1,021 19,150 1,730 17,420
30 1,114 13,900 2,150 11,750
40 1,207 11,300 2,670 8,630
50 1,300 9,750 3,310 6,440
60 1,393 8,530 4,070 4,460
70 1,486 7,980 4,910 3,070

TABLE II.
Consolidation Type.
. | ; .

: Availabl | Resista f Effect
| i | 2ot | SR | sl
10 900 33,800 1,450 33,350
15 944 23,600 1,600 22,000
20 988 18,530 1,760 16,770
30 1,076 13,450 2,180 11,270
40 1,164 10,900 2,720 8,180
50 1,252 9,310 3,360 5,950

As will be noted, the Consolidation engine, being designed
for heavy trains and slow speeds, has a maximum effective trac-
tine force, or tender draw-bar pull of 37,300 pounds; which is
available up to a speed of only about eight and one-half miles an
hour, from which point the boiler capacity reduces the draw-
bar pull as the speed increases. The small diameter of the driving
wheels limits the speed. The characteristie is carried out to fifty
miles an hour, but an engine of this type will not do much work
at any speed over about half of this figure.

The Atlantic type passenger locomotive at low speeds re-
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quires only sufficient tractive force to accelerate a comparatively
light train, and the draw-bar pull does not rise above 23,000
pounds, which is available up to nearly fifteen miles an hour.

Tractive Effort for Compound Engines. Using the same let-
ters with the same meaning to each as above, the tractive effort for
a cross-compound engine becomes

_ C*XSX3P
S

i

The formula for a four-cylinder compound is

T_OXSXIP | CPXSXIP
D ' D

The formula for a four-cylinder compound working simple is

p_ (C*+¢?) X.425PXS
D

For a Mallet Compound the formula becomes

7 C*XPX.52X8
D

Where C is the diameter in inches of the high-pressure cylinder
and c is the diameter in inches of the low-pressure cylinder, P is
the boiler pressure, S is the stroke in inches, and D is the diameter
of driving wheels in inches.

Factor of Adhesion. The factor of adhesion is the number
of times the tractive effort is contained in the total weight on the

driving wheels; this total being called the adhesive weight. The
formula is

g

‘i
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where R is the factor of adhesion, A the adhesive weight and T
the tractive effort. In practice the factor of adhesion for switch-
ing engines is as nearly as possible 4, and for freight engines 4.5,
and for passenger engines 5.

Traction Increasers. What is called a traction increaser is a
device usually employed on engines having a rear truck. It con-
sists of an apparatus operated by air pressure for transferring
weight from the rear truck, and incidentally from the engine truck
to the drivers. The rear truck is connected by equalizers to the
back hanger of the trailing drivers, and this equalizer is pivoted
about a point which gives the long arm of the equalizer to the rear
truck. The pivot pin-hole is usually a slot capable of allowing
the equalizer to be pressed down off the pin pivot. The traction
increaser is also a device by which, through a lever of the bell-crank
type, a new fulerum is brought to bear down on the top of the
equalizer about 5 or 6 inches nearer the trailing driver than the
pivoted fulerum. This has the effect of shifting some of the
weight from the rear truck to the drivers, and by thus increasing
the overhang of the engine behind the trailing driver takes some
of the weight off the engine truck and transfers it to the drivers.
The result produced in this way affects the ratio of adhesion only,
and does not alter the tractive effort of the engine.

Weight per Square Foot of Heating Surface. With the same
total weight of engine, an Atlantic type will have about ten per
cent more heating surface than a Consolidation type locomotive.
In the cases illustrated in Tables I and IT the Atlantic type weighs
56.5 pounds for each square foot of heating surface, while the
Consolidation weighs 60.5 pounds. These are favorable exam-
ples, and the average weight in American practice will be nearer
sixty pounds for the Atlantic type, and sixty-five for the Consoli-
dation. The difference in weight is due to the lighter weight of
the driving wheels and connecting rods of the Atlantic type.

The problem that, therefore, confronts the designer of loco-
motives is to increase the power of a given type of locomotive
without excessively inereasing the cost of maintenance and fuel
consumption. The tendency in passenger service is to increase
the weight and speed of trains, and in freight service the ten-
dency is to use powerful engines, so that large train loads can be
handled. ' '
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Resistance of Locomotives. An inspection of Figs. 1 and 2
will show that at slow speeds the tractive power depends solely on
the weight of the driving wheels. At higher speeds the effective
tractive force is increased by increasing the horse power or de-
creasing the resistance of the locomotive and tender. The re-
sistance of the locomotive at high speeds is mainly due to the air
resistance, and althomgh efforts have been made to reduce the air
resistance by making the smoke-box front conical, no important
decrease in air resistance will probably be possible with the mod-
ern type of locomotive. A more important consideration in de-
creasing the total resistance is to make the locomotive and tender as
light as possible and increase the available tractive power by in-
creasing the horse power. The resistance of passenger trains may
be represented by the formula

R=3}V+2

where R=resistance in pounds per ton and V the velocity in miles
per hour.

Factors which Determine Horse Power. The horse power of
a locomotive depends npon the total heating surface, the rate of
steam production, and the efficiency of the utilization of the steam.
The power of any locomotive may therefore be increased by in-
creasing the heating surface, increasing the rate of steam produc-
tion, or increasing the efficiency of the utilization of the steam.
An increase in the heating surface means an increase in weight,
and this increases the total resistance so that the whole gain is not
effective in moving the train. The type of boiler used in locomo-
tives determines the rate of steam production; but as the type
used on all locomotives at the present time gives such excellent
results, it is doubtful if it will be changed for a water-tube or other
type of boiler. The economical utilization of the steam is there-
fore the factor in increasing the horse power which is mostly in-
teresting locomotive designers.

Single-expansion Locomotives. The simplest form of locomo-
tive is, of course, a locomotive which has two single-expansion
cylinders operated by a simple link motion. Owing to its very
simplicity, the simple locomotive has had the widest use, but with
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the increasing size and demand for a more economical locomotive
various methods, such as high steam pressures, special valve mo-
tions, compound eylinders, and superheated steam have been tried
in order to meet the demand for a very high speed locomotive.

High Speed Locomotives. For heavy high speed locomotives,
the greatest advance in the economical utilization of steam has
been along the lines of the balanced compound type, of which a
large number have been built. These engines all use high pres-
sure steam and a long expansion, and the arrangement of the four
cylinders allows a perfect balance to be obtained in the moving
parts.

Slow Speed Locomotives. For heavy, slow freight service, the
balancing feature is not so important, so that there are several
other systems of compounding in use which give a desirable eco-
nomical utilization of the steam without unnecessary and trouble-
some complicated valve gear. Among these types in use are the
two-cylinder compound, the four-cylinder tandem compound and
the Mallet Compound.

Two-cylinder Compound. The two-cylinder compound can
show practically the same efficiency of steam consumption as the
four-cylinder, and has fewer working parts. On the other hand,
the power developed is not always equally divided between the
two sides of the engine and the excessive diameter of low-pressure
cylinder, and the consequent excessive width of loeomotive re-
quired for high powers puts a limit to the growth of this class of
engine.

Tandem Compound. The tandem compound gives equal power
on both sides of the engine and economical steam consumption.
The heavy reciprocating parts, due to both pistons being on the
same rod, make the engine difficult to balance, but at slow speeds
this is not a great disadvantage. The weight per axle is not sus-
ceptible of any considerable increase, so that to obtain an engine
of greater hauling capacity it becomes necessary to add another
coupled axle. This increases the rigid wheel base, and, apart from
the great internal resistance, an excessively long wheel base renders
it extremely awkward for curves.

Mallet Compound. Tf more tractive force is required, the
Mallet type compound offers the greatest facilities for development.
The wheels are in two groups, and as these groups have a flexible
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connection between them, the locomotive can curve easily. The
rear group of wheels is driven by the two high-pressure cylinders,
and the front group by low-pressure eylinders, so that the same
power is developed on both sides of the engine. The double ex-
pansion of the steam gives economy in fuel, and the whole con-
struction of the locomotive is comparatively simple.

In locomotives of moderate power the simplicity of two eyl-
inders may be of sufficient value to determine the choice in favor
of the two-cylinder compound, or even the single-expansion type;
but when great hauling capacity is required, the advantage of
dividing the power to be developed between four instead of only
two cylinders far outweighs the possible disadvantage of the mul-
tiplication of parts.

The Future of the Locomotive. The high speed locomotive of
the future will therefore probably be a four-eylinder balanced com-
pound, using steam at high pressure. Superheated steam may
also be probably used together with the Walschaert, or some other
improved type of valve gear. Where fuel, however, is not ex-
pensive, it becomes a question whether the small gain due to com-
pounding will compensate for the increased first cost and cost of
maintenance of the compound locomotive.

For slow speed service, the typical locomotive will probably
continue to be a simple expansion engine using superheated steam ;
but where heavy hauling power is required, the tandem compound
with a rigid wheel base, or a Mallet Compound engine, will prob-
ably be the type most used in general service.

Hauling Capacity. The hauling capacity of a locomotive is
computed by dividing the tractive force of the locomotive by the
rate of resistance per ton due to gravity and rolling friction, and
then deducting the weight of the locomotive and the tender, if
there is one. This gives the weight in tons of 2,000 pounds of the
train which the locomotive can hanl.

In the consideration of the practical determination of the
proper hauling capacity advisable in any case, the following pre-
cautions, based npon experience, should be considered. First, it
is always desirable to provide a reasonable amount of surplus
power, and not to work a locomotive regularly too close to its full
capacity. The reserve of power is economieal, because it cuts
down the cost of repairs, and also of fuel and oil, to the lowest
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point, and lengthens the useful life of the locomotive, and also
provides for emergencies and increased output. Second, it is not
always safe to figure on a grade as level because the land is flat.
In these cases the so-called level grade may prove to be one per
cent or more, which may cut down the hauling capacity of a loeo-
motive more than one-half what it otherwise would be on a perfect
level. Third, it pays to buy a locomotive of the proper design for
the requirements; the rolling stock should be kept in good condi-
tion; bad grades and sharp curves should be avoided if possible;
the roadbed and track should not be allowed to get into bad condi-
tion. As can be seen, the hauling power of a locomotive depends
to a large extent upon a number of outside influences over which
the locomotive itself has no control.

Grade Resistance. The resistance of a grade due to gravity
increases in direct proportion to the steepness of the grade. If
there is a rise of one foot in every 100 feet, the grade resistance
will always be 20 pounds per ton of 2,000 pounds; that is, the
locomotive must exert enough force to lift 1 1-100 of the total
weight of the train, or, what amounts to the same thing, to exert
tractive force enough to overcome a resistance equivalent to the
required lift of the train. TFor a grade of 4 per cent the resistance
is 10 pounds per ton, for two per cent grade 40 pounds per ton,
for a three per cent grade 60 pounds per ton, and so on.

Grades are designated in various ways. The usunal engi-
neer’s method is by per cent, or the number of feet rise per 100 feet
of track, fractions of a foot being expressed in tenths of a foot in-
stead of in inches. The American Railroad method is to state the
number of feet rise in the distance of one mile, in which case, to
reduce the grade, stated in feet per mile, to the grade stated in per
cent, divide the number of feet rise per mile by 52.8. Grades are
sometimes stated in degrees, or the amount of angle which the in-
cline makes with the level; but sinee this also requires considera-
ble caleulation in order to find the percentage of grade, it has not
come into general use among practical men.

The proper way of determining grades is by means of survey-
ors’ instruments ; but an easy method, which is sufficiently accurate
for track purposes, is to use a straight-edge 100 inches long, leveling
it with an ordinary spirit level, and measure the distance from the
bottom of the straight-edge to the top of the rail. This gives the
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grade in per cent, which can be reduced to feet per mile by mul-
tiplying by 52.8. On very low grades this, of course, is not practi-
cal, but will be found useful in finding steep grades.

Rolling Friction. The resistance due to rolling friction varies
with the character and condition of the rolling stock and track.
With extra good cars and track it may be as low as 5 pounds per
ton of 2,000 pounds, but 64 pounds may be taken as a fair average
for first-class cars and track, 8 to 12 pounds for reasonably good
conditions, and as high as 20 to 40 pounds for hard running cars
and rough track. A poorly laid track and crooked rails increase
the resistances very much, as does also the overloading of cars.
The resistance is greater in cold weather than in warm weather,
and the resistance of rolling friction per ton is greater for empty
cars than for loaded cars.

Curves. The simplest way of designating a railroad curve is
by giving the length of the radius; that is, the distance from the
center to the outside of the circle, or one-half the diameter. The
shorter the radius the sharper the curve. The length of the radius
is usually stated in feet, and the length of the radius of a railroad
curve is measured to the center of the track. Engineers designate
railway curves by using the sign degrees and minutes, there being
60 minutes in one degree. The sharpness of the curve is deter-
mined by the degree of a curve, or the number of degrees of the
central angle subtended by a cord of 100 feet. Tn other words, let
two lines start from the center of a circle in the shape of a V, so
that the angle at the point of the V is one degree, which is equiv-
alent to 1-360 of a complete circle, then if the sides of the V are
prolonged until they are 100 feet apart, any part of a circle made
by using one of these lines for its radius is a one-degree curve.
The exact length of radius, which with an angle of one degree has
a chord of 100 feet, is found to be 5,730 feet. If the angl'e at the
point of the V is two degrees and the sides are prolonged until
100 feet apart, the length of each side is almost exactly 3 as long
as when the angle is one degree, or 1 of 5,730, or 2,865. For a
three-degree curve the radius is % of 5,730 ; for a four-degree curve
1 of 5,730, and so on. For perfect exactness the length of the 100
feet shonld be measured, not along a straight line connecting the
ends of the V, but along the line of the circle of which the sides of
the V' are radii; that is, the are should be used and not the chord.
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The difference, however, is very slight for curves used on standar
gauge, but for extremely sharp curves, such as are used on narrov
gauge roads, a considerable mathematical error would be involvec
by using the chord instead of the are. In practice, however, the
formula of dividing 5,730 by the degree of the curve is almost
universally used to get the radius, and the accompanying table
gives the different lengths of radius in feet for the different curves:

Table Showing Lengths of Radius in Feet for Curves
from One to Sixty Degrees.

DEGREES RADIUS DEGREES RADIUS DEGREES RADIUS
1 = 5730 feet 21 = 273feet 41 = 140feet
2 = 28656 « 22 = 260 ¢ 42 = 136 ¢
J0 = A1t 230 = 248 43 = 138 ¢
C e b i 0 e R 4 = 130 ¢
O g PAT L HORE = LT e
6 = 9hh 26 = 220 ¢ 46— 125 ¢
=g 8193k 20 =i 242 % T IO
8 = AL 28 = 205 ¢ 48 = 119 «
9 NS 29 =198 49 = 117«
3 U= i 801 =1 191 50 = 115 ¢
IISE=— D21 O 31 = 185 ¢« 51 = 112 ¢
12 = 478 % D2 =1 L0 62 = 110 «
13 = 441 « 33 = 174 « 53 = 108 ¢
14 = 410 ¢« S ST 54 = 1064
15 = 382/'¢ 35 = 163 ¢ b9 = 104
16 = 358 ¢ 36 = 159 ¢ b6 = 102 ¢
17 = 337 ¢ 37T = 1566 « 657 = 100 “
18 = 318 ¢ 38 = 151 ¢ 08 = 9k
19 == 3024 39 = 147 ¢ 69 = 97 ¢
20 = » 287 (& 40 = 143 ¢ 60 = 95 «

The Resistance of Curves. The frictional resistance to the pas-
sage of trains around curves is very considerable, and is also very
variable. The shorter the radius of the curve the greater is the
resistance. The length of the wheel bases of locomotives and of
the cars, the elevation of the outer rail, the speed, the condition
of the track and rolling stock, the length of the train and the length
of the curved track are all matters which influence the resistance
of a train on a curve, so that no formnla can be given which will
apply to all cases. Excessive or irregular curves, and especially
sharp enrves, in connection with steep grades, are to be avoided,
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as they generally decrease the loads which locomotives can handle,
and also increase the cost of operation and repairs required for
track and rolling stock. It is usually preferable, therefore, to in-
crease the expense of track construction than to increase the cost
of operating expenses.

It is enstomary when a curve occurs on a grade to reduce the
grade on the curved part of the track, so that the combined re-
sistance of the flattened grade and the eurve will not exceed the
resistance of the steeper grade on the straight part of the track.

D

A B (@
Fig. 4
MeTrnop ror Measvrine Raprvs or Curve.

In practice engineers compensate for curves on grades at the rate
of 2 1-100 feet grade in each 100 feet for each degree of curvature.

Rule for Measuring the Radius of a Sharp Curve. Stretch a
string, say 20 feet long, or longer if the curve is not a sharp one,
across the eurve corresponding to the line from A to C in the dia-
gram, Fig. 4. Then measure from B, the center of the line AC
and at right-angles with it, to the rail at . Multiply the dis-
tance AB, or one-half the length of the string, in inches by itself;
measure the distance D to B in inches, and multiply it by itself.
Add these two products and divide the sum by twice the distance
from B to D. This gives the radius of the curve in inches. The
formula is stated thus:
__AB?4-BD?

2BD

R

It may be more convenient to use a straight-edee instead of a
string. Care must be taken to have the ends of the straight edge
or string touch the same part of the rail as is taken in measuring
the distance from the center. If the string touches the bottom of

2}
.}
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the rail flange at each end, and the center measurement is made at
the rail head, the result will not be correct. In practice it will be
found best to make trials on different parts of the curve to allow
for irregularities. It is a good plan to make measurements on
the inside of the outer rail of the curve. In this case, one-half of

A 5

Fig. 5

MerHop For Laving Our Rarnroap CuURVES.

the width of the gauge should be deducted from the radius, when
calculated, as the radins of the curve should be measured to the
center of the track.

Suppose, for example, that the length of the string is 30 feet,
and that the distance BD is 3 inches, then the distance AB is 15
feet, or 180 inches, and 180 multiplied by 180 equals 32,400; 3
multiplied by 3 is 9, so that 32,400 added to 9 gives 32,409, which,
divided by twice 3, or 6, gives 5,401.5 inches, or 450 feet 1} inches,
which is the radius of the curve. If the measurements have been
taken on the inside of the outer rail of the curve, 28} inches should
be deducted from the above result.

Laying Out Curves. The proper method of laying out of
railroad curves comes directly within the province of the sur-
veyor, but it is possible to lay out a curve without surveyor’s in-
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struments as follows: As shown in Fig. 5, the straight track is
represented by the line A, and the point where the curve is to begin
is noted as station one (S;). Continue the straight line beyond
8 a distance of 100, 50 or 25 feet, according to how sharp a curve
is to be laid out, or whether the situation is cramped or not. Start
from station S, with a line or chain of length (', as given by the
table. From the end of this line C measure the offset D, of the
length as given in the table to station two (S,), so that its dis-
tance from station S, is also measured by the line C. Then meas-
ure from S, the same offset D to point 3, making the distance
from S, to point 3 also the same as line C. A line drawn from
S, to 3 and continued in the same direction an additional distance
C fixes the next point station three (S;). From S; make another
offset D, so that the distance S, to S; and S, to 4 are each the
length of line C, and prolong the line from S, through 4 an addi-
tional distance C. This fixes station four (S,). Thus the points
S,, S,, S; and S have been fixed, and the curve must pass through
them. This same process is continued until a point is reached
where it is desired to discontinue the curve and lay straight track.
In cramped locations, the length of the line C, which is the
chord of the are, can be decreased to one-half or one-quarter of the
lengths given in the accompanying table.

Table of Radii and Deflections for Curves.

; Rading R | Offset D =§‘ Radins R | Offet D | @2 | pagjug g | Offset D
i - i | @ -

§§’ in Feet | 1 Reet _:%,g in Feet | I et |53 2R o255 peet
1 5,730 87 13 441 2.83 AL Dl 1.362
2 2,865 1.74 || 14 410 3.05 26 220 1.405
3 1,910 2.62 15 382 3.27 || 28 205 1.51
4 1,133 3.49 || 16 358 3.48 | 30 191 1.615
b 1,146 4,36 || 17 337 | 3.7 32 179 1.72
6 935 5.23 || 18 318 | 3.92 ' 36 | 159 1.935
7 819 6.10 19 32 | 4,13 | 40 | 143 2.14
8 7 6.98 20 | 287 4.35 ‘ 44 | 1830 2,34
9 637 7.85 21 273 ‘ 466 |30 | 115 2.64

10| 573 8.72 22 260 4,77 60 | 95 3.125

11 521 9.58 23 249 4,98

12 478 10.45 24 239 5.2
The offset D for given radius R and chord € is found from formula D - —:;:-



