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PREFACE TO THE THIRTIETH EDITION

The catechetical or question-and-answer form is chosen
because enabling the inquirer on any given topie to find
and use at once the desired information; leaving it to
more leisure time to study carefully all the underlying and
correlated principles.

While the four thousand or so questions which this
edition contains do not cover the entire ground of inquiry
in this line, they at least embrace the most important
and up to date. They have been contributed both by
novices and by experts and suggested by myself as one
considered competent to know what engineers and fire-
men are likely to ask, and should ask, themselves or
others, in the course of their daily work. Some are taken
bodily from examination papers given to candidates for
appointment or promotion.

In the present edition especial attention is paid to
certain branches more recently brought to the engine-
runner’s and the fireman’s notice—for instance, the una-
flow engine, the improved superheater, the latest design
of power brake, and the electric locomotive; while the
chapter on accidents has been greatly enlarged and im-
proved ; and the man on the foot board has been initiated
more fully than before into the entertaining and prac-
tically valuable mysteries of value diagrams, traction
curves and motion studies.

I hope that this edition will prove, as the many others
have that preceded it, of daily use to thousands of those
who tame and train and drive “the iron horse.”

ROBERT GRIMSHAW
New York, June, 1923.



CHAPTER PAGE
I. General Deseription. ... ....c.covvieaan 1- 7
s fieation: F -« o s 8- 29
ITI. Boiler and Accessories. ................ 30- 39
YV dtre Box. = = s e st s U 40- 54
X BfayBolta: oo ot 55~ 60
W Muad Ring e 61
A R 1 Ve B G O e e 62- 64
VIII. Blower and Pan Dampers.............. 65— 66
I P OWH S HEBT -0 S st s me TN 67- 71
o vBrek AYeh = = o ORI (8 e S 72- 76
XI. BridgeorBridge Wall. ................ 77- 78
R B Y e T S e SR 79- 87
XITII. Combustion Chamber: ... uiviverinn 88
XLV, Tubss andFlues. ..o - b cin 89- 95
ST B 11T SE e e SRS O e o S e 96— 97
RV BmokeBox: . o e e ss tian e 08-112
XVII. Petticoat Pipe and Exhaust Nozzles. .. .. 113-122
SONVALLTheBtack: . . v aodm on ..123-128
XIX. Pressure ques ...................... 129-130
X B LA PreSSUTE e s ok e s e 131-134
XXI. Try Cocks and Water Gages. .......... 135-140
2T, “Waker LieVel: «cvcoie v cmimmaioe ftte e o 141-146
X e WY = o s e S L R A T ] 147-148
X QLR WS T o h e o JSSRPRRL e + sl G 149
2oV Sateby Pliosc. - TR a L Wl SR 150
XNV, B PUMD: o 5% s s o st ie 151-157
PV G heele Nalve i soh navlcr e e 158-160
XOCVIIL. Feeding the Boiler. . .....c...vvmvaonn. 161-162
i B [ 6 17 et o S M 163
ek s Bafety Valve o . corn re ol ant s 164-166
PR IR At e L s o W ST el 167
XXXII. Whistleand Muffler................... 168-169
PRSP A RRrottle ihci s im s v S an Lo s 170-174
XXXIV. Dry Pipe and Steam Pipes............. 175-176
XXXYV. Foaming and.Priming. . ............... 177-179
XAV Soale and VU . oo nns o sttt e 180-182 -
XXXVII. Essentials of a Locomotive Boiler. . ., ... 183

TABLE OF CONTENTS

VII



VIII CONTENTS CONTENTS XI

CHAPTER PAGE ‘ CHAPTER PAGE
XOOVIIL, The Injecton: . . e s e st ey, wls 184-197 LXXVI. Cab, Tender and Accessories. . ......... 557-568
XACRINS Combustiony. .. . seilveaint] lecaui Sy 198-204 LXXVII. Compound Locomotives. . ............. 569629
KT, Steam Production . i s siviorns i 205-209 LXXVIII. Dimensions and Proportions............ 630634
XLI. Feed Water Heating. . ...........c..... 210-213 LXXIX. Starting and Stopping................. 635-638
XLIE. Baturated Steam . ... canis i m i s vt 214-217 LXXX. Accidents connected with Boiler and Ac-
XLIII. Superheated Steam...........cumeinan 218-226 T U R e e S g e 639-808
XLEVCyhnderss s o i s s e 227-241 IPCXXT. Knocks'and'Bounds. .« o c o v 809-814
R V... Bteam I CRESL. . onsivivin o s0 Sl e B 242-244 . X L L e T e & e e e s 815-817
. )11 I 571 VT G VAR b T R R o 245-246 LXXXIII. Mileageand Runs. ..........ccv0u.... 818-824
INVIL TRItOR . 15 livn s s v i i S AT ) 247-253 - LXXXIV. Electric Locomotives.................. 825-835
XLVIII. Steam Distribution..............oo0... 254-271 XXXV, Eleetric Headlight. .. .o hiviin svsnin 836-848
XEEX BlidaNalve . i gt s vt 272-295 LXXXVI. Unaflow Locomotive. ........ovvvvens. 849-855
L. N alve DHagTams. . it e sl 296-300 IOV TE. Motion ' Records: . . i st v i, 856-858
LI. Crosshead and Guides................. 301-306 ECX N T YT, A Brakes. (o foiv st i il iaisiovans aaies 859-943
LII. Eccentric Motion. ... ....oueesvusionss. 307-322 LXXXIX. Examination of Firemen.............. 944-946
LIII. Reversing Mechanism................. 323-329 Index ...... e T W e e eI OATCORR
LIV. Mainand SideRods................... 330-342
EV. Cranks and Crank Bins. o.0vmndesisse: 343-348
TN The Brame o litisen s ot v 349-362
LVIL Wheels and Axles. .. ..oou iy . 363-374
LVIII. Wedgesand Shoes. . ....ocovvvervvinenn. 375-383
X, T he R N st st b e s 8 S L 384-395
T WheRlBaSE ... i viomirn o i v Btk st 396-397
IXT, Weight Distribution. ... ;.- oveiseeias - 398-400
LXII. Counterbalance... ... L S O T 401-407
LXIII. Journals and Bearings................. 408412
LXIV. Friction and Lubrication............... 413-433
LN S IEEACHION . v c s e e e 434-450
N, RUERASEHIICHR, . . o, s wiieies oy Bniehe et o o 451-454
| 89,7411 BB b 2RV sy e o O DOy G SO ST s e 455-458
LRV EXDAnSION: 5oy s otoniaie M dmsat o 459-462
EXI Phe IndICaton, o an e S i tere s s 463466
TR ValveSeting ... . indindes sinniisia ey s 467477
B L VBlVE GRERXE . s o o o 478-519 }
XY Horse: Poweris. &l it st s i 520-523 }
LXXIII. Steam Consumption..........c..c..ouu... 524-526 |
TNV SR ¢ s o s e b e B T e e 527-528 ,
160, 0, @0 B i T R S T e e e 529-556 ] i
i
i



LOCOMOTIVE CATECHISM

CHAPTER I
GENERAL DESCRIPTION

Q. What are the essential features of a steam-driven
locomotive engine?

A. (1) Boiler, (2) engines, (3) running-gear.

Q. What name is applied to the type of boiler usually
employed for such locomotives?*

A. Horizontal tubular with internal fire-box.

Q. What name might be applied to the engines usually
employed on locomotives?

A. Twin horizontal double-acting high-pressure non-
compound, non-condensing link-motion slide-valve en-
gines.

Q. Are all locomotive engines of the twin type?

A. Nearly all; some, however (compounds, for in-
stance), have the cylinder on one side of different di-
ameter from that on the other; some have one cylinder
on each side and one in the center; some again have four
cylinders.

Q. Are all locomotive cylinders horizontal?

A. Nearly all; but some are slightly inclined down-
ward toward the crank-pin, and while nearly horizontal
are not strictly so.

Q. What is the meaning of “double-acting” ?

A. An engine is double-acting when steam is admitted
on both sides of its piston, instead of on only one, as in
a Westinghouse stationary engine.

Q. Are all locomotive engines double-acting?

A, Yes.

* See special section under heading “Boilers,” page 30.
1



2 LOCOMOTIVE CATECHISM

Q. What is the meaning of “high-pressure”’?

A. It is a misnomer. The term came in when non-con-
densing engines were first made, to represent the differ-
ence between an engine which worked with high-pressure
steam (either with or without a condenser, but particu-
larly without) and one which worked usually by the aid
of the vacuum produced by a condenser.

Q. What is the difference between a compound and a
non-compound engine? *

A. In a compound the steam exhausted from one cylin-
der is passed into another, there to do more work as it
expands further. In a non-compound the steam after
being exhausted from one cylinder does not go into any
other.

Q. Is there any relation between compound and con-
densing engines; that is, may an engine be both?

A. Yes; many engines, particularly marine, are both
compound and condensing ; that is, the steam after being
exhausted from one eylinder, in which it has done work,
passes into another cylinder, there to do further work,
and then goes into a condenser.

Q. What is @ condensing engine?

A. One in which the steam, after having done work
in a cylinder, is exhausted therefrom at a certain pres-
sure above vacuum or above the atmosphere, and at a
certain temperature, then passes into a chamber where
it is cooled by contact with a jet or spray of cold water,
or with sheets or tubes cooled by cold water circulating
on the other side thereof.

Q. Are most locomotives non-compound?

A. Yes; but compounds have been used in Europe for
some years; and in this country, since 1890, orders for
them have been increasing in proportion.

Q. Are all locomotives non-condensing ?

A. Yes; it would be impossible, at least in the present
state of steam engineering, to carry on a train that would

* See special section on “Compound Engines.”
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4 LOCOMOTIVE CATECHISM

pay expenses, enough water to cool the exhaust. The
time may come when by greater efficiency of the engine
itself, calling for less steam per horse-power; by de-
creased friction of engine and of train, calling for less
horse-power; and by increased efficiency of condensers
themselves, calling for less water per horse-power—a
locomotive may be run condensing; but that time is not
yet.

Q. What is a slide-valve? *

A. A flat distributing-valve which has a to-and-fro
motion upon a flat seat, usually in a direction parallel to
that of the engine piston; this valve having in its work-
ing face one or more cavities, usually serving as a pas-
sage for the exhaust.

Q. Do all locomotives employ slide-valves?

A. Nearly every one that has been built has employed
a slide-valve of one sort or another. Attempts have been
made to use other types, but in general have been fail-
ures, not having the simplicity, durability, and range of
work of the ordinary slide.

Q. What is a link-motion engine?t

A. One in which the valve (generally a slide) is moved
by being connected with a bar or link (usually slotted)
which receives a vibrating motion by connection with a
rod attached to strap surrounding an eccentric disk set
on a driving-axle. There are usually two such disks for
each cylinder, to enable reversing. The link position
being varied, the amount of motion that it imparts to
the valve may be altered at will,

Q. Are all locomotives of the link-motion type?

A. Most of them; but there is a system in which the
valve is moved by an attachment to levers receiving their
motion from the cross-head, or from the connecting-rod
between the cross-head and the crank-pin; the amount

* See special section on “Slide Valves.”
1 See special section on “Valve Gears.”
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6 LOCOMOTIVE CATECHISM

of motion thus given being variable by slight changes in
the relative and actual positions of the connecting levers.

Q. What name is generally applied to an engine in
which a reciprocating piston drives a crank-shaft or an
axle?

A. A rotatory or rotative engine, as distinguished
from a rotary engine, in which the piston or follower
rotates.

Q. What is the reason that locomotives have two or
more cylinders?

A. Because, with a single cylinder, an engine having
a crank and connecting-rod is difficult to get started in
case crosshead, crank-pin, and main-shaft center get in
the same straight line; and because, in case there was
but one engine, and that got crippled, it would be impos-
sible to move the machine by its own power; whereas
with two, one side may be disconnected and the other
used.

Q. Are the engines of all locomotives reversible?

A. Necessarily so, by the demands of the service.

Q. Which is the “back” head of a locomotive cylinder?

A. There is no such thing. There is a “crank” end,
and an “out” end of both a locomotive and a stationary
engine cylinder. The use of the terms “back’” and “front”
on either are confusing, particularly in the case of a
locomotive.

Q. How may the general features for a modern loco-
motive be summed up?

A. As reasonable first cost; maximum efficiency for
the service, within track, weight, and clearance require-
ments; the greatest proportion of adhesive weight to
total ; capacity to handle the heaviest gross tonnage prac-
ticable, at the highest desired speed; greatest permissi-
ble distance between coal, water, or power stations;
economy as regards maintenance and fuel and water con-
sumption; substantial construction of the least number
of parts; and capacity to perform continuous service
without liability of failure.

GENERAL DESCRIPTION
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CHAPTER II
CLASSIFICATION

Q. How may we classify steam-driven locomotive en-
gines?

A. As regards (1) cylinder distribution (two, three,
and four cylinders), (2) wheel arrangement (eight-
wheeler, Mogul, consolidation, ete.), (3) number of ex-
pansion stages (compound and non-compound), (4) ser-
vice, ete.

Q. Considered in relation to the service for which they
are intended, what are the classes of locomotives?

A. Passenger, freight, switching, elevated railway and
suburban, and mining.

Q. What character of engine is required for passenger
traffic?

A. Comparatively large drivers, giving high engine-
speed compared with the piston-speed.

Q. What character of engine is needed for freight
service?

A. Comparatively small driving-wheel diameter, to
give the crank greater leverage for a given piston-stroke.

Q. What character of engines is required for work in
large cities? ;

A. For hauling freight trains, small drivers, great
tractive power, and short wheel-base; while there is not
much boiler-capacity needed for the slow speeds. For
passenger service, light engines that do not require great
boiler-power by reason of their comparative speed. For
both, those which make but little noise.

Q. What character of engine is required for suburban
business?
A. Those that can start heavy trains and run them at
high speeds; and usually it is well for them to be double-
8
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10 LOCOMOTIVE CATECHISM

enders or to have valve-gear, ete., permitting them to be
run equally well in either motion.

Q. What classes of engine, as regards wheel-base, are
most used for passenger service?

A. In America, the eight-wheel (usually known as the
American) type, having at the back two pairs of driving-
axles coupled, and in front a four-wheeled swiveling
truck. (This is, however, likely to be driven out by the
Atlantie type, having one of the truck wheel pairs at the
rear.)

Q. What is the wheel arrangement in such engines?

A. Usually with one pair of drivers back of the fire-
box and the other in front; but in the Wootten engine,
with wide fire-box, both pairs are under the fire-box.

Q. What proportions of American engines are used in
passenger service?

A. From ten to twenty-five per cent.

Q. For a 70-ton freight train on a good road, with
plenty of grades, but none over 50 feet in the mile or say
1 in 100, what engine might be selected?

A. Say an 18-inch x 26-inch with 62-inch wheel cen-
ters, and weighing about 65 net tons; pressure about 180 ;
traction at slow speed about ten tons.

Q. What is the reason for having the fire-box over both
pairs of drivers?

A. To get a very wide and long grate.

Q. What arrangement of engine is desirable for local
passenger service only?

A. One type is double-ended ; has four wheels coupled,
and a pony truck at each end, with saddle tank. Another
type is also double-ended, but instead of a saddle tank
has a back tank; there being a four-wheeled truck under
the tank, and a pony truck in front.

Q. What class of engine is suitable for express passen-
ger service?

A. First of all, the American or eight-wheeled type,
having two pairs of drivers coupled, and a four-wheeled

CLASSIFICATION 11

truck in front, as in Fig. 5; then a modification of this
has also four wheels coupled, but instead of a four-
wheeled truck in front there is a pony truck there and
another in the rear, as shown in Fig. 6 (Atlantic type).

Fig. 6. Express Passenger Engine, with Pony Truck.

Q. In deciding upon the best type of locomotive for a
given service, what points must be taken into considera-
tion?

A. Train weight, speed, grades, curvature, frequency
of stops, smooth operation, and low cost of repairs.

Q. What is desirable in relation to smooth operation
and low repair cost?

A. The fewest possible driving wheels that will give
good starting power.

Q. Of what is the Atlantic* or 2-%-2 type the outcome?
A. Of the demand for a locomotive combining large
heating surface and grate area with large driving wheels,
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to meet conditions which could not be met by the so-
called “American” or 4-4-0 type.

Q. For what class of fuel is the Atlantic type specially
suited?

A. For bituminous coal.

Q. In what other particular is the Atlantic type favor-
able?

A. Good water circulation.

Q. For what class -of trains is the Atlantic the ideal
type? '

A. For those of moderate weight, especially with rela-
tively long runs with infrequent stops.

Q. What is the proportion of weight on drivers of the
Atlantic type to the total weight?

A. About 55 per cent.

Q. In what special particular does this type show a
high ratio?

A. Pounds of total weight per square foot of heating
surface; the weight here being minimum.

Q. What is a further development of the Atlantic or
2-4-2 type?

A. The Pacific or 2-6-2.

Q. For what class of service is this type best adapted?

A. To meet the exactions of the heaviest passenger
service—as for instance trains of 500 to 600 tons weight,
where the cars are to be heated and lighted from the
locomotive.

Q. How large do the grate areas run?

A. From 40 to 50 square feet.

Q. What is the average proportion of total weight on
drivers in this class?

A. 60 per cent.

Q. What kinds of trailing trucks have the Pacific type?

A. Two, with inside and with outside bearings.

Q. Of these two, which is the more simple and the
lighter?

CLASSIFICATION 13

A. The inside bearing style.

Q. What is the special advantage of the outside bear-
ing type?

A. A wide supporting base at the rear of the locomo-
tive, giving good riding qualities. Further, the brake
hangers for the trailing, wheels may be attached to the
truck frame, so that they move with the wheels on curves.
Outside bearings also have the advantage that they are
readily accessible for lubrication, examination and re-
newal of packing, and for such repairs as the renewal of
springs and journal bearings.

Q. For metropolitan and suburban traffic what is the
most frequently used type of engine?

A. The regular American eight-wheel; but there are a
good many that have only a two-wheel (“pony’) or Bis-
sell truck in front of the cylinders, to put more weight
on the drivers.

Q. Where are the water and fuel often carried on en-
gines for city and suburban traffic?

A. On an extension of the frames, back of the fire-box,
and borne by a pony truck. (See Fig. 7.)

Fig. 7. Switching and Local Passenger Service, with Back Tank.
Modified Forney Type.

Q. What name is given to this latter type?

A. Forney, from its inventor.

Q. What is the principal type of engine used for
freight?

A. In this country, the eight-wheel type is doing most
of the work in this line too, but where specially intended
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for this traffic they usually have smaller drivers than for
passenger work.

Q. For heavier freight service, where greater tractive
power is desired than can be had with only two driver
pairs, what arrangement is made?

A. More drivers are added, as in (1) the Mogul (Fig.
8), in which there are three pairs of drivers and a pony
or two-wheel truck; (2) the consolidation, in which there
are four pairs of drivers and a two-wheel truck (Fig. 9) ;
(3) the ten-wheeler, in which there are three pairs of
drivers and a four-wheel truck (Fig. 10); (4) the twelve-
wheeler, in which there are four pairs of drivers and a
four-wheel truck; and (5) the decapod, in which there
are five pairs of drivers and a two-wheel truck (Fig. 11.)

Q. For what class of service is the Mogul or 2-6-0 type
adapted?

A. For freight service on comparatively level roads;
or on heavy rails, where a large load per axle is permis-
sible, and even for comparatively fast freight service.

Q. What proportion of the total weight of the Mogul
is on the drivers?

A. Averaging 80 to 85 per cent.

Q. What about its boiler capacity?

A. There may be provided sufficient for moderate
speeds; and wide grates may be used because of the
usually chosen small drivers.

Q. How is depth of throat sheet secured?

A. By sloping the fire-box down at the front end be-
tween the second and the third pair of drivers.

Q. What class of engine is best adapted for fast
freight?

A. The ten-wheeler is coming into great favor for this
purpose; having six wheels coupled and a four-wheeled
truck, as shown in Fig. 10, page 17.

Q. For what other class of traffic is the “ten-wheel”
or 4-6-0 type adapted?

A. For heavy and fast passenger service; requiring a

CLASSIFICATION 15

tractive power that six wheels alone can give without
overloading the fish plates and does not require too much
steam. Having great hauling capacity in proportion to

®

Fig. 8. Mogul Freight Engine with Tender.

the total weight, it is a good type for passenger service,
not calling for sustained high speed. It is also good for
freight trains of moderate weight and high speed, having
more speed than the 2-8-0 or Consolidation type.

Fig. 9. Consolidation Engine for Heavy Freight.

Q. With what sized drivers is it best adapted as an
“all-around” engine for passenger and fast freight ser-
vice?

A. About 63 to 69 inches.

Q. What is the limitation of this type in passenger
service?

A. The driver diameter, as where the drivers are over
73 inches the fire-box may not be extended laterally over
the rear drivers.
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Q. How may the throat sheet be given sufficient depth
with this type, where the drivers are, say, 69 inches in
diameter?

A. By sloping the mud ring downward toward the
front end of the engine, between the second and third
driver pairs.

Q. For what class of fuel is it a favorite?

A. Anthracite.

Q. What complaint is sometimes made of “‘ten-
wheelers” ?
A. That they are easily derailed.

Q. Is this complaint justified?

A. Only this far, that the fault is as much that of the
track as of the engine. Where the rigid wheel base is
long, the track must have easier curves, or a wider gage
on curves, or the train must go more slowly around
curves than where the rigid wheel base is short. Either
the track must bé made to conform to the new conditions
of long rigid wheel base, or the speed must be reduced
on curves.

Q. For heavy freight what seem to be the best adapted
types of engine in America?

A. (1) The consolidation, having eight wheels coupled
and a pony truck in front as shown in Fig. 9, and (2)
the decapod, having ten wheels coupled and a pony truck,
as shown in Fig. 11.

Q. For what service is the consolidation or 2-8-0 type
especially suited?

A. For freight service requiring high starting power,
as it has a large proportion of the weight on the driving
wheels, and permits, by reason of large cylinders and
comparatively large drivers, starting heavy trains and
working steep grades: Where desired, the fire-box may
be extended laterally over the rear drivers.

Q. What proportion of the total weight may be on the
drivers?

CLASSIFICATION ik

A. From 85 per cent to even as high as 90; although
this latter is rare.

Q. How may the front fire-box end be given sufficient
depth?

A. By sloping it downward toward the front of the
engine, ending between the third and fourth driver pairs,
below their tops.

Q. What is the difference, as regards the wheel-base
and weight distribution, between the Mogul and the ten-
wheeler?

A. In the Mogul the front drivers are nearly as far
from the main or middle driver as the back drivers are;
in the ten-wheeler, Fig. 10, by reason of the back-wheels,

DR

Fig. 10. Ten-wheeler for Fast Freight.

which are in the rear of the cylinders, the front drivers
are quite close to the middle pair, and thus get propor-
tionately less weight.

Q. What is the advantage of inereasing the number of
drivers?

A. It enables adding to the engine weight, which gives
traction, without putting so much load on any one pair
of drivers as to wear the rail unnecessarily or to be in-
jurious to rail-joints.

Q. Is the Mogul engine ever wused for passenger
service?

A. Yes, but it is usually restricted to freight work.
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Q. What is the general make-up of switching engines?

A. They usually have two or three driver pairs, short
wheel-base and no truck, if for switching only, and sel-
dom have tenders, the fuel and water being carried on
the engine; if they do, the tenders have instead of two
trucks, only two wheel pairs. Such an engine with three
pairs of drivers may be seen in Fig, 16,

—

1

E lﬁ-ll‘-_-' = 3 _h '- - o
Fig. 11. “Decapod” for Heavy Freight.

Q. What class of engines is desirable for both switch-
ing and local service?

A, There are several types. Omne has two pairs of
drivers coupled, and a back tank, with a four-wheeled

—

Fig. 12. Engine for Switching and Local Service, with Back
Tank. (Forney Type.)

truck under it; this being the Forney type. (Fig. 12.)
Another has two pairs of wheels coupled, and a pony
truck in front, with a four-wheel tender, as in Fig. 15.
A third is of the Forney type, that is, with a back tank
supported on its own wheels borne by the engine-frame;
but there is only one pair of such wheels, as shown in
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Fig. 7. A fourth class has four wheels coupled, and a
back tank; this being a double-ender and having a pony
truck under the tank and another in front, besides two
pilots. (Fig. 14.) A fifth class has four wheels coupled,
a pony truck in front, and a saddle tank, as shown in
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Fig. 13, Switching Engine, Saddle Tank.

Fig. 13. A sixth type, for very heavy switching, has six
wheels coupled, a saddle tank, and no truck.

Q. What class of engine is suitable for heavy switch-
mg and local freight?

A. The double-ended saddle-tank engine having six
wheels coupled and a pony truck in the rear, as last men-

Fig. 14. Switching and Local Passenger Engine.

tioned, as used for light switching, etc.; or a double-
ended engine with back tank borne on a four-wheel truck,
and having six wheels coupled. A third class is a double-
ender, with both a saddle tank and a back tender, the
latter being borne by a four-wheel truck, there being six
wheels coupled. (See Fig. 16.)
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Q. Why are all the wheels of switching-engines
usually drivers?

A. In order to utilize for tractive purposes every pound
of weight of the comparatively light machine.
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Q. How may this be remedied?

A. By a single pair of truck-wheels at one end.

Q. What class of engines is needed for mining pur-
poses?

A. Very low, with excessively short stacks; and with
water-supply borne by tanks saddling the boiler or other-
wise borne by the engine itself; the fuel also being car-
ried thereon.

Q. Why are its fuel and water borne by the switching-

1 ¢ |
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engine instead of carried in a tender?
A. To increase traction for a given amount of dead

weight ; also because it shortens the train.

Q. What may be said of the wheel-bases of switching-
engines?

Fig. 16. Heavy Switching and Local Freiﬁht Engine, with Saddle
Tank and Back Tank.

A. They are usually very short, to enable the engines
to pass over curves and sharp switch-angles.

Q. What is the disadvantage of short wheel-base?

A. The pitching or see-saw motion which it gives the
engines.

T W Ty
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Fig. 17. Heavy Switching Engine, Six Wheels Coupled, with
Tender.

Q. What is one advantage of the siz-wheel outside-con-
nected type of engine, especially for mine work, or where
there is much tunneling and bridging?

A. By reason of its greater length, the boiler-diameter
may be reduced for a given weight of engine and size of
cylinders, as compared with four-wheel-connected en-

gines of the same power; thus enabling reduction of

height and width, without reducing power.

Q. What is a so-called electric locomotive?

A. A self-propelled traction vehicle, running on rails
and having one or more electric motors that drive its
wheels and thereby propel the entire machine and enable
it to haul cars. The motors usually are supplied with
electrical current either from a continuous rail laid near
to, but insulated from the track rails, or from a wire sus-
pended above the track lengthwise thereto, contact with
the wire being made by a trolley or wheel on the end of
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Fig. 18. Wheel Base Types.
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Fig. 19. Wheel Base Types.
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a pole mounted on top of the locomotive. The electrie
current rail, called a third-rail, or the overhead trolley
wire, as the case may be, is supplied with current by
electric generators in a so-called central station and
which are driven by steam or gas engines, or by water
wheels. From the trolley or the third-rail shoe, elec-
tricity is conducted to a regulator or controller by which
the motors may be started, stopped, or driven at any de-
sired speed within their limits. Electrie locomotives are
built either with motors mounted so as to drive the axles
indirectly through gear wheels, or with the motor arma-
ture directly on the axle; in which latter case the motor
is said to be gearless.

The tension at which electriec locomotives are operated
is 500 to 650 volts for direct current; from 1,800 to 3,000
volts for alternating current. In this case there is a
transformer on the locomotive to reduce the voltage from
that of the trolley wire to one suitable for the motors.

Electric locomotives may be built with every axle di-
rectly driven by its own motor, thus making the total
weight available for adhesion and traction. In addition,
two or more such locomotives may be coupled and their
motors and controllers so connected electrically that all
may be operated by the controller of any one. Electric
locomotives are also built to be operated by storage bat-
teries or accumulators; but this arrangement is practic-
able only for yard or switching work, where the battery
can be conveniently recharged from an electric central
station.*

Q. Describe the Mallet articulated locomotive?

A. The drivers are in two groups of two, three, or
four wheel pairs each. The rear group is carried by the
main engine frame, and driven by two H. P.} cylinders;
the forward group is carried by a supplementary, frame

* See special chapter on “Electric Locomotives.”

i H. P. stands in this connection for high pressure, through-
out this book.
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Figs. 20 and 21. Mallet Articulated Locomotive, for Heavy Pushing Service, built by Erie R. R. Co.
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and driven by a pair of L. P.* cylinders; the frame and
wheels of the L. P. engine constituting a swiveling truck
supporting the front boiler end. The object is to obtain
great weight and power, with a short rigid wheel-base
to permit rounding sharp curves.

Q. What are the peculiar features of the Mallet ar-
ticulated compound locomotive, shown in Figs. 20 to 26?2

A. At the time of building it was the heaviest loco-
motive ever built, weighing in working order 410,000
pounds, and having flues 21 feet long. The rear four
driver pairs are carried in frames rigidly attached to the
boiler; to these, and to the boiler as well, are attached
the eylinders. The forward four driver pairs are, how-
ever, carried in a truck, which swivels radially from a
center pin, located just in advance of the high-pressure
cylinder saddle. (Fig. 21.) The weight of the forward
end of the boiler is transmitted to the forward truck and
drivers by sliding bearings (Fig. 20) between the third
and fourth driver pairs. To secure proper weight dis-
tribution, the back ends of the front frames are con-
nected with the front ends of the rear frames by vertical
bolts having a universal motion, top and bottom, permit-
ting play between front and rear frames. The cylinders
are attached to the truck frames. The steam dome is lo-
cated back of the high-pressure cylinders, steam being
led from the dome through a dry pipe forward to the out-
side steam pipes, and through these to the high-pressure
steam chests. The steam passes from the high-pressure
eylinders through a jointed pipe between the frames to
the low-pressure cylinders, whence it is exhausted by a
jointed pipe through the stack. The high-pressure eylin-
ders have piston valves, the low-pressure, slides.

Q. What is a rack locomotive?
A. One for climbing grades too steep for good adhe-
sion. It runs on rails as other locomotives, and while on

* 1, P, stands in this connection for low pressure, throughout
this work.
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moderate grades the driving wheel adhesion is sufficient,
on the steepest grades there is a rack rail between the
two running rails and with it engage gears keyed on the
driving axle, thus giving a positive tractive effort.

Q. How are rack locomotives prevented from running
away down grade?

A. They have powerful air, hand, and water brakes.

Q. What is the purpose of freight helper locomotives?

A. Increasing the capacity of an up-grade or a heavily
taxed track, balancing the power on the division, reduc-
ing the number of locomotives and crews required to
handle heavy freight tonnage over a busy mountainous
district.

Q. What are the prime requisites of a steam locomotive
for freight helper service?

A. Maximum adhesion for tractive and braking power,
minimum rail pressure per driving wheel, and short rigid
combined with a long flexible, driving-wheel base, to
adapt it to a mountain line having considerable curvature
and gradient.

Q. To accomplish this, what solution is adopted?

A. Americanizing foreign railroad practice by making
use of the Mallet articulated feature, which permits of
the use of a maximum effective wheel base, with materi-
ally reduced rigid wheel base, and provides for develop-
ing an average through-freight train speed without ex-
cessive wear. Subdividing the power through the use of
four independent cylinders, pistons, main rods, crank
pins and frames, in place of two, and better balancing
of the reciprocating parts, result in less strain on all
parts, and reduce the liability for breakage and failure.





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































