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Foreword

ITHIN recent years the self-propelled vehicle has be-

—". V come so important a factor in the evolution of social
and business life, that a distinct need has been

created for a comprehensive but concise il:re'agtise, written in
clear and simple language, which shall serve as a practical
working guide to all details of the construction, care, and suc-
cessful operation of the various types of motor-cars. It is the
purpose of the present volume to fill this acknowledged need.

@ The application of the internal-combustion motor, the steam
generator, and the storage battery to the development of types
of mechanically propelled road-carriages fitted to meet all the
trying conditions of the use to which such vehicles are put, is a
far-reaching engineering problem of great difficulty. While not
all details of this problem have as yet been finally worked out
or reduced to standard practice, sufficient progress has been
made to assure results of permanent value. In so far as these
results are embodied in the constructions used in typical mod-
ern cars, they are presented in these pages without any attempt
at refinement of engineeringlsubtleties, but with all explanation
of essential details of construction and operation needed by
those who drive their own machines or who wish to qualify as
practical chauffeurs,
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AUTOMOBILES

PART 1

In attempting to study the operation and function of the various
parts constituting the automobile, the best plan is, first, to analyze
the machine into its distincf groups of parts, and then to determine
the function of each part in each group.

COMPONENT PARTS OF A MOTOR=CAR

The essential parts of the automobile may be broadly classified
under three main heads—namely:

(¢) The Running Gear;
(b) The Power Plant;
(¢) The Body, its Accessories and Fittings.

THE RUNNING GEAR

The running gear (Fig. 1) consists of: Wheels (A), for supporting
and propelling the whole machine; T'ires (B), for cushioning the car
from rough shocks and jars, and for providing a sufficient adhesion

Fig. 1. Running Gear of a Motor-Car. -
A—Wheels; B—Tires; (—Axles; D—Springs; Z—Frame,

of the wheels to the roadway to insure the friction necessary for pro-
pulsion when the wheels are rotated; Axles (C), to carry the wheels
and maintain them in correct relative position; Springs (D), to
eliminate more completely the shocks and jars; Frame (E), to which
all the above parts of the vehicle are attached in the best possible
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location, such frame being capable of sustaining the loads to be
carried. In addition to the above features shown in Fig. 1, the
‘running gear (see Fig. 2) includes steering devices (controlled by
hand-wheel, shown at upper right), for altering the direction of move-

Fig.2. Typical Chassis of a Motor-Car, Showing Running Gear and Power Plant.
Nordyke & Marmon Company, Indianapolis, Ind.

ment of the vehicle; equalizing mechanism or differentials (generally
housed, as shown at center of rear axle), for permitting one driving
wheel to turn faster than the other when the machine is turning a
curve; change-speed devices (ordinarily controlled by hand-lever,
shown between front and rear wheels at right), for altering the speed
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4 AUTOMOBILES

of the vehicle while that of the engine may be left unchanged; and
brakes (ordinarily operated by foot-levers, shown under steering
wheel), for bring-
ing the vehicle to
a gradual or im-
mediate stop.
Power Plant.
The power plant,
in the case of the
gasoline-driven
car, consists of the
Engine,Fly-Wheel,
Carbureter, Clutch, Transmission, and W ater-Pump, as shown in
Fig. 3. In addition to these parts, the power plant of the gasoline-
driven car includes: Batteries, . Spark-Coils, Spark-Plugs, Oiling

Fig. 4 Wood Body.

Fig.5. Component Parts of an Aluminum Body.
Nordyke & Marmon Company, Indianapolis, Ind.

Devices, and other features discussed in detail as to their operation
under subsequent headings. The power plants of steam-driven and

electrically driven cars are also described in detail in chapters de-
voted to these types.
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Body. The body may be either of wood, of pressed steel, or of
cast aluminum. The various styles of bodies are classified and de-
seribed later. .

As to materials, solid wood or veneered wood bodies (Fig. 4)
are both liable to cracking and warping, due to exposure to the
weather. The pressed-steel body is liable to dents. Aluminum
bodies (Fig. 5) are usually cast in separate pieces, and finished with
wood seats. 'Taken all in all, the cast aluminum body is best. Tt is
not usually furnished, however, in the cheaper types of car at present.

Fig. 6. Pressed-Steel Frame, with Pressed -Steel Motor and Gear Case Support
which Acts as Bracing at Weakest Part of Frame.
Corbin Motor Vehicle Corporation, New Britain, Conn.

The Frame. Pressed steel is to-day practically the universal
material for automobile frames. The name “pressed steel” arises
from the fact that the steel is cut from sheets which are placed be-
tween dies and forced into shape by heavy presses. This pressiig
is always done while the steel is cold, since, if the metal were heated,
it could not be maintained at a uniform temperature in the presses,
and would warp. Moreover, the scale would have to be removed
for the sake of good appearance of the frame.

Fig. 6 shows a pressed-steel frame as constructed by the Corbin
Motor Vehicle Corporation, New Britain, Conn. A feature of this
frame is the formed sheet-metal pan, of heavy gauge, which is riveted
to the side and cross-members of the frame proper, and to which the
flanged motor and gear cases are bolted. This construction makes
the front part of the frame practically an I-beam section laid flat, and
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largely eliminates the tendency to sag or settle. It must be remem-
bered, from the very fact that the frame material is ductile enough
to have permitted of its being pressed cold without cracking, that in
the very nature of things it can have no real springiness, and re-
peated shocks and bounces will cause it gradually to settle. This
settling will occur at the weakest part of the frame, and is usually not

Dl
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Fig. 7. Side Bar of Frame, Showing Excessive Riveting.

over one-eighth of an inch—hardly enough to be noticed with the
eye; but it is enough to affect any ‘mechanism that depends on the
frame to maintain perfect alignment of parts. Troubles with
bearings in engines and transmissions can often be traced to this
source.

Theoretically the best material to resist this sagging tendency
is steel, wood-filled. The trouble with wood filling, however, is

Fig.8. Frame Weakened by Excessive Riveting in Parts Subjected to
Heaviest Weight.

that hot riveting cannot be done, and cold riveting is likely to split
the pressed-steel frame; so, in actual practice, the wood-filled frame
has almost disappeared.

Fig. 7 shows a side bar of a typical four-cylinder car, in which
altogether too many rivet-holes have been punched or drilled.

Fig. 8 shows a frame construction in which the strain tending
to produce sagging has been allowed to come at points of the frame
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which have already been weakened by rivet-holes. Both of these con-
structions are faulty, and should be avoided.

Fig. 9 shows a type of motor suspension which does away with
the drop frame, and is designed for a minimum number of rivet-

Ste \E;lgs‘-%urrggzegfrgg ;th}l% %t}?ll;x? p%%plggfligﬁ\}[as S.
holes. 'The motor frame is suspended at points 1, 2, and 3, points
1 and 2 being side lugs, and 3 being a cross-bar. This type of sus-
pension is employed by the Stevens-Duryea Company of Chicopee
Falls, Mass. It should be noted that the points of suspension are
three. A three-point suspension of the motor is preferable to a
four-point, for the reason that any lateral distortion produces an

Fig. 10. Rear Spring Suspension.
Peerless Motor Car Company, Cleveland, Ohio.

undue strain at one of the four points in the latter type of suspen-
sion, while in a three-point suspension the strain is equally dis-
tributed.

Spring=Hangers. The spring-hangers are drop forgings closely
fitting into the ends of the pressed-steel frame, as seen in Fig. 6. They
must be of sufficient length not to unduly strain the frame, and must
be hot-riveted to the frame.
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Springs. Intermediate between the frame and the axles are
the springs. These are attached to the spring-hangers by means of
spring links, and rest on surfaces
called spring seats on the axles.

Fig. 10 shows the rear spring
suspension employed by the Pecr-
less Motor Car Company of Cleve-

Fig. 11. Full Elliptical Spring. % X
Reliance Motor Car Company, Detroit, land, Ohio. 'The springs shown

Mich.
are what are designated as semi-

elliptical springs, with eight leaves. Formerly springs were used as
short as 34 inches, but the tendency is toward longer springs, 44

e ke

"ubular Front Axie.

.12, ¥ <ew, Franklin Spring Suspension, Showing T
e » mII-IIY H. Fragklin Mam?facturlng Company, Syracuse, N. Y.

inches being not an uncommon length. Fig. 10 also illustrates
what is called the drop type of frame construction, the frame drop-
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ping down between the wheels so as to carry the passengers nearer
the ground and thus lower the center of gravity of the loaded car.

Fig. 11 shows a full elliptic spring, with five leaves. This type
of spring is used on the lighter types of cars, but has been largely
superseded by the semi-elliptical in heavier cars.

Front Axles. Front axles have developed from the solid type
with steering yoke part of the same forging, to the tubular type with
drop center and with the steering yoke drop-forged and brazed onto

[N

784

Fig. 13. I-Beam Typé of Front Axle, with Parts Making Up Front-Axle System,

as Used in Frayer-Miller Cars.

A—Axle; B—Knuckle; C—Pins: D—Nuts; £—Oiler; ¥, G—Roller Bearings (Timken);
H—Nut; J, K—Steering Arms; L—Cross-Rod; M—Yokes; N—Pins; 0—Cotters; P—Oiler;
@—Fore and Aft Connecting Tube; R—Ball Joint; S—Nut; 7—Front Hub; U—Flange;
V—Bolts; W—Spring Chips: X—Nuts,

y Oscar Lear Automobile Company, Columbus, Ohio.

the main axle tube The tubes employed are seamless, of 2 to 2}
inches diameter, with j-inch walls. However, the uncertainty of
workmanship in connection with brazing has resulted in a tendency
toward the I-beam type of front axle, in which the steering yoke is
part of the same piece, as is also the spring seat.

Fig. 12 shows the tubular type of front axle as employed in the
Franklin motor-car. Fig. 13 shows the I-beam type of axle, to-
gether with a list of detail parts which go to make up the assembled
front axle, as used in the Frayer-Miller car.

Rear Axles. Rear axles are mostly of the live or rotating type.
A few cars which use the double-chain drive employ a non-rotating
or dead rear axle—that is, one on which the wheels turn, while the
axle itself does not turn with the wheels. This type of axle is con-
siderably used on commercial trucks. ‘

For touring cars and passenger cars generally, the tendency in
America has been towards the live axle, usually made in halves, each
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Fig. 15. Axle Construction on Reo Cars.
Reo Motor Car Company, Lansing, Mich.

Fig. 16. Shaft-Drive Rear Axle, Rear Vertical View at Left, Horizontal View at Right.
Timken Roller Bearing Axle Company, Canton, Ohio.

Fig. 17. Clutea-Drive or Floating Type Rear Axle, Rear Vertical View at Left,
Horizontal View at Right.
Timken Roller Bearing Axle Company, Canton, Ohio.

L N
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outer casings of the axle, without being connected to it except through
the dog-clutch, which is kept in position by the hub-cap. In this
type the axle tubes carry the weight of the car and of the wheels.
Rear-axle tubing should be not less than 2 inches in diameter;
some cars use as large as 3 inches in diameter. The tubing should be
reinforced by a strut, as shown in the cuts.
Steering Yoke, Neck, and Knuckle. The front axle terminates

Fig. 18. Steering Yoke, Neck, and Knuckle.
Packard Motor Car Company, Detroit, Mich.

at either end in the steering yoke. In the tubular type of front axle,
the steering yokes are usually brazed into the axle tube. 'The I-beam
type of front axle usually has the yoke part of the I-beam piece,
thus making the axle and steering yoke all in one piece, securing a
better construction.

Fig. 18 shows the tubular type of axle, together with steering
yoke, neck, and knuckle, as employed by the Packard Motor Car
Company, of Detroit, Mich. The yoke, it will be seen, carries the
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vertical steering spindle or neck. The latter, in turn, supports the
wheel, and is also attached to the steering knuckle.

Fig. 19 shows a detail of steering knuckle as used in the Rambler
car built by Thos. B. Jeffery & Company, Kenosha, Wis. The load
is carried on the thrust-bearing
shown in section under the upper
arm of the steering yoke. This A
bearing comprises two hardened
tool-steel plates and a row of
thirteen -inch steel balls. The =
center pin is tapered from 1} 5"’5’
inches at the top to } inch at ;
the bottom. At each end is a

g o Fig. 19. Detail of Steering Knuckle,
nut bearing against the yoke, Rambler Car.

s Thomas B. Jeffery & Co., Kenosha, Wis.

whereby the position of the taper
pin within this bearing in the knuckle may be adjusted. To adjust
it, the nut at the upper end must be loosened, and the one at the
lower end tightened. This will draw the taper downward into its seat
in the knuckle. If too tight, release the lower nut and screw down
the upper one. When properly adjusted, tighten both nuts.

The ball thrust-bearing is usually packed in hard grease, and
will require very little attention. 'The center pin is provided with an

i

i
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Fig. 20. Steering Mechanism of the Cartercar.
Motor Car Company, Detroit, Mich.

oil-cup which feeds through a vent as indicated, into the bearing of
the pin. _

Steering Connections. The two steering knuckles are con-
nected by a rod known at the transverse rod or cross-rod, so that they
will move in unison. This rod is shown in Fig. 20, as used in the
Cartercar, built by the Motor Car Company, Detroit, Mich.

The vertical steering spindle or neck, in addition to carrying the
wheel bearing, in the case of the right-hand spindle is usually made so
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as to form also in one piece the steering arm. This construction is
shown in Fig. 21, as used by the Timken Roller Bearing Axle Com-
pany, Canton, Ohio. It will be noticed that the steering arm termi-
nates in a round ball. This ball is part of a ball-and-socket joint

Fig. 21, Steering Arm, Showing Ball Joint.
Timken Roller Bearing Axle Company, Canton, Ohjo.

connecting the steering arm, through a reach-rod, to the sector shaft
of the steering column.

Fig. 22 shows the reach-rod as used in the Oldsmobile, made
by the Olds Motor Works, Lansing, Mich. The socket part of the
ball-and-socket joint is usually composed of two hollowed-out bronze
" blocks adjustable
for wear.

Steering Gear.
Cars are almost
universally steered
by means of a large-
diameter hand-
wheel on the top of
a considerably in-
clined tubularsteer-
ing post’ or column.
The steering wheel
is usually made of
a solid three-arm

Fig.22. Steering Connections of Oldsmobile. J .
0lds Motor Works, Lansing, Mich. brass ring, cov ered

with black walnut
or cherry and given a natural wood finish. The steering column is
made of heavy steel tubing with brass tube outside, the outer casing
serving for a standard or support. The innermost tube is the one
usually used for steering purposes. Concentric with the steering
tube, and surrounding it, there are frequently placed other tubes
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which serve other purposes—in connection with spark and throttle
control, :

" The steering wheel’s motion is transmitted through the inner-
most tube, to a screw or worm, which in turn meshes with a nut or
gear or sector of a gear, operating a bell-crank connected with the
steering arm. )

The screw and split or adjustable nut type of construction is
claimed to be less liable to
have back-lash than the worm-
and-gear type, as in the former
all back-lash due to wear may
be readily taken up.

Fig. 23 shows a steering
column of the screw and nut
type as used by the Knox
Automobile Company, Spring-
field, Mass. 'The screw is in-
tegral with the column, and is
cut from the solid bar. The
nut is exceptionally long, and
is formed of hard babbitt, fin-
ished to exactly fit the quin-
tuple thread; and has a formed
space on one side fitting a cor-
responding block upon the cap,
thus preventing the nut from
turning. 'The bell-crank in
this part is of nickel-steel. Fig. 24 shows a detail of the nut and
bell-crank in this same column. ]

The steering mechanism of an automobile is subjected to more
severe stresses and heavy vibratory strains than any other part, and
a break in the steering gear is almost certain to result in a dangerous
accident. Hence the need for most liberal dimensions and superfine
quality of material, and for extreme care in construction of all parts
connected with the steering system.

\ Fig. 25 shows the worm-and-gear type of steering gear as used
by the Peerless Motor Car Company, of Cleveland, Ohio. This type
is- found used about as frequently as the screw and nut type; and if

Fig. 23. Steering Column of Screw and Nut
'ype.
Knox Automobile Company, Springfleld, Mass.
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the gears are perfectly cut, truly adjusted, and made of best material,
there should be no perceptible wear. In the gearing system shown
in the illustration, the worm is located at the base of the steering
column proper. When the hand-wheel is turned, this turns a gear.
A shaft is forged with this gear, to which
is attached an arm operating the con-
necting-rod to the steering knuckles.
Around the shaft, where it protrudes
through the gear casing, is an eccentric
bushing graduated by thirty-seconds of
an inch, which may be moved to take up
any lost motion in the steering wheel.
Moving this bushing so that the widest
part is away from the steering column,
forces the gear into closer mesh with the
worm. Moving this bushing a quarter
of an inch at the most, should be enough
to take up any wear. Should any of
the teeth become worn, disconnegt the
arm from gear to connecting-rod, and
five complete turns of the steering hand-
wheel will give a new set of teeth on
the gear. 'Thrust-bearings with §-inch
balls are placed above and below the
gear on the steering column, and are self-
seating; and the worm is adjusted for

end play by screwing down an adjust-
Cranik in Serew aad Nut Typeoi ing nut at top of casing.
Steering Gear. . .

Knox Automobile Company, The more usual form is to use simply
Springtield, Mass. a

a sector of a gear, instead of a whole
gear. 'This type of construction is shown in Fig. 26,as used by the
Corbin Motor Vehicle Corporation, of New Britain, Conn. The
form shown is a worm and sector cut by the Hindley patented
process. By this process, every tooth in the worm is in contact
with, and for the full width of, the sector face. 'The steering caseis
of Parsons manganese bronze, and all minor parts of the steering
system are made of high-class steel forgings.
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THE POWER PLANT

The power plant of an automobile includes the prime mover and
all the accessories necessary to start it and keep it in continuous
motion. In the case of the electrically driven automobile, the power
plant includes the batteries, rheostat, motor, and other details which
will be described under the heading of Electrically Driven Cars.
In the case of steam-propelled automobiles, the power plant
includes the boiler, engine, heating outfit, and accessories as de-

Eccentric Bushin
Lock Screw,

Worm Gea,

D)
1

H!i

Fig. 25. Worm-and-Gear Type of Steering  Fig.2. Worm alnd (S}ector Type of Steer-
ear. ng Gear.
Peerless Motor Car Company, Cleveland, Corbin Motor Vgehicle Corporation,
Ohio. New Britain, Conn.

scribed under the heading of Steam-Driven Cars. In the case
of the gasoline-driven car, the power plant naturally groups itself as
follows:

1. The engine proper, consisting of the reciprocating parts, the rotating
parts, the cylinders, the crank-case, and the valves.

2. The fuel system, consisting of the gasoline tank and its connections
through the carbureter to and.from the engine.

3. The ignition system, consisting of the batteries, the spark-coils, the
magneto or dynamo, the commutator, and the spark-plugs.

4. The cooling system, consisting of the fan, and, in water-cooled
engines, also of the water tank, the water pump or siphon, the radiator, and
interconnecting parts.

5. The lubricating system of the motor.
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The Gas-Engine Cycle. The gas-engine cycle consists of four
distinct steps—namely:

1. Admission of the charge of explosive fuel.

2. The compression of this charge.

3. The ignition or explosion of this charge.

4. Exhaust or expulsion of the burnt charge.
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Fig. 27. Beginning of Suction or First Stroke in a Four-Cycle Engine.

Cadillac Motor Car Company, Detroit, Mich.
If the complete process as above requires four strokes of the piston-
rod in any one cylinder, the engine is designated as a four-cycle engine,
although a more exact designation would be to call it a four-stroke

5 Piston Travet
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Fig. 28. Beginning of Second or Compression Stroke in a Four-Cycle Engine.
Cadillac Motor Car Company, Detroit, Mich.
cycle. 1f the complete process is accomplished in two strokes of the
piston, the engine is designated as a two-cycle engine.
Figs. 27, 28, 29, and 30 show the positions of piston and valves
during these four steps, as they take place in the Cadillac single-
cylinder four-cycle engine.
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Fig. 27 shows the beginning of the first or suction stroke of the
cycle. At Y inch past the dead center or end of the stroke, the
inlet valve A commences to open, which allows the vapor supplied
by the carbureter to be drawn into the cylinder, the motor running
as indicated by the arrows. During this stroke the exhaust valve
B is closed. The inlet valve A4 is opened by the eccentric rod C, its
movement being controlled by the eccentric on the secondary shaft D.
This shaft is driven at one-half the speed of the motor by the two-
to-one gear F£ and pinion F.

Fig. 28 shows the beginning of the second or compression stroke
at the closing point of the inlet valve, both valves being closed during
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Fig. 29. End of Working or Third Stroke in a Four-Cycle Engine.
Cadillac Motor Car Company, Detroit, Mich.

this stroke. The piston, traveling as indicated by the arrow, com-
presses the charge to a pressure of about 60 pounds, and the com-
pressed charge is ignited at or before the end of this stroke by
a spark taking place in the spark-plug (the action of which will
be explained in the discussion of Ignition Systems), the force
of the explosion driving the piston forward to the position shown in
Fig. 29.

During these two strokes—namely, the compression and work-
ing strokes—both valves, if correctly timed, should be completely
closed.

Fig. 29 illustrates the end of the working stroke or third stroke
of the cycle, where the exhaust valve commences to open % inch
from the end of the stroke, or slightly previous to dead center.
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During the fourth or exhaust stroke, the gases are expelled
from the cylinder through the valve B. The exhaust valve B is
operated by the cam I, which pushes the exhaust rocker arm J and
lifts the exhaust valve B.

Fig. 30 shows the position when the exhaust valve B has just
closed 5'5 inch of the stroke past dead center. The inlet valve 4 will
open ' inch later, admitting new vapor, as in Fig. 27. .

Two-Cycle Engines. In two-cycle engines the crank-case is
used to admit the charge while the piston is on the upward stroke.
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Fig. 30. End of Fourth or Exhaust Stroke in a Four-Cycle Engine.
Cadillac Motor Car Company, Detroit, Mich.

On the working or downward stroke of the piston, the vapor in the
crank-case is forced through a by-pass, by the descending piston,
this by-pass admitting it into the [upper part of the cylinder,
where it is compressed into small volume and ignited at the proper
time.

In the two-cycle engine the process of exhausting the burnt
gases and admitting the new charge are both performed during a
single downward stroke, the exhaust port being uncovered first by
the piston and allowing the greater part of the burnt gases to escape
before the inlet port is opened. Hence, in the two-cycle engine, an
impulse is received with each revolution of the fly-wheel and main
shaft; in the four-cycle engine an impulse is received every fourth
stroke or every other revolution of the fly-wheel and crank-shaft.

The two-cycle engine offers strong talking points, since all
mechanically operated valves are replaced by mere port-holes, which
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results in greater mechanical efficiency. Moreover, the more fre-
quent working impulses should result in a constant torque and much
smoother running. Two-cycle engines have been in use quite gener-
ally on motor-boats. The engines of the two-cycle type built for
marine work have always shown considerable irregularity in run-
ning; and it has been the general impression that the operations of
charging, compressing, firing, and exhausting cannot be properly
accomplished during one revolution. However, it may be that, just
as the air-cooled engine is gaining greatly in favor, though several
years ago not con-
sidered equal to
the water-cooled
type, so a similar
change in favor
of the two-cycle
engine may be
brought about as
this type of en-
gine is perfected.
There are several
cars now on the
market, notable
among them being
the Elmoreand the
Jewel, which are
showing up very

Fig. 81. Working Parts of Elmore 4-Cylinder 2-Cycle Motor,

S Showing Small Number of Parts.
favorably el th Elmore Manufacturing Company, Clyde, Ohio.

two-cycle engines.

Fig. 31 shows the working parts of the Elmore valveless two-
cycle engine. Each cylinder on a four-cycle engine has more parts
than all of the cylinders here shown.

Working Parts of Engine. It is essential that every automo-
bile operator should be familiar with the names of the working parts
of the engine.

As the single-cylinder engines such as used in the Reo, the
Oldsmobile, the Cadillac, and other well-known runabouts, are easier
to list in detail than multiple-cylinder engines, a typical example of
a single-cylinder engine, showing parts in detail, is given in Fig. 32.
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Single=- and Multiple=Cylinder Engines. The single-cylinder en-
gine is of necessity the type of engine used on the lowest-priced
cars. It has the advantage of simplicity; and when it comes to a
choice between a high-grade, relatively high-priced single-cylinder
engine car and a multiple-cylinder car with a cheaply built engine,
there can be but one choice, and that in favor of the high-grade
single-cylinder engine, as, in the other alternative of cheaper cylin-
ders and more of them, one buys only more trouble.

The single-cylinder engine, having only one working impulse

Fig. 33. One-Cylinder Englne as Used in Hewitt Motor-Car.
Hewitt Motor Company, New York, N. Y.

for every two revolutions, requires a fly-wheel of heavier weight and
larger diameter than is used in the multiple-cylinder engines.

Fig. 33 shows a well-proportioned one-cylinder engine, as used
by the Hewitt Motor Company, New York City.

In the single-cylinder construction, even with the very best
engine, the vibration is decidedly noticeable when the engine is
slowed down under load, as when climbing a hill.

The two-cylinder opposed type of construction gives a very
good balancing of reciprocating parts. Fig. 34 shows this type of
engine as used in the Reo touring car. The motor runs in the same
direction as the car, and causes no sidewise vibration, which adds
materially to the life of the car. The original two-cylinder opposed
cars placed the engine under the body, many of them having the
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