





Power—Exhaust. Over and over
again through the same series
of actions. The crankshaft is
going around continuously
while the piston is going up and
down, but we should note that it is only on the power stroke that
the piston is driving it around. On the other three strokes, the
crankshaft is driving the piston. There is one power stroke to
every two revolutions of the crankshaft. This is for each cylinder,
of course; with an eight-cylinder engine there are 4 power strokes
for each revolution.

,\_‘\(xég- We described what happens on
-z

the compression stroke, but we did
MORE POWER i ) i .
not go into detail as to its impor-

tance. We hear talk of “compres-

3 sion ratio” and *‘high compression
) engines,” all of which has to do
g with how much we squeeze the

MIXTURE OF AIR . . .
AND FUEL mixture in the cylinder before

igniting it. It is a fundamental fact of internal combustion engines
that the more we compress the mixture—the harder we squeeze
it—the more power we get from it.

Compression ratio is a measure of how much we squeeze the
mixture. If the cylinder holds 100 cubic inches when the piston is
all the way down in its lowest position, and 10 cubic inches when
the piston is up as far as it can go, we say the compression ratio
is 10 to 1. The mixture has been

" TOP
compressed into a space 1/10 as Lol

large as it originally occupied. ‘%ﬁ?ﬁ;
Fifty years ago 4 to 1 was a 80TTOM

1 GLASS TO FiILL

common figure for the compres-

sion ratio of automobile engines.

COMPRESSION RATIO

This has increased steadily, and
today compression ratios range -+
from8to1to10to1 or higher. ¢e"
Most of the increase in engine
power and economy through the
years is due to higher compression :
ratio. That, in turn, has been made SO e

possible largely through the improvements in gasoline. When
compression is too high, the engine “knocks.” Some years ago
it was determined that this knock was dependent on the fuel being
used. Intensive research and continual improvements in the molec-
ular structure of gasoline and new refining processes served to
reduce the knocking characteristics of fuel used in automobile
engines.

Thus far we have put together
¢ _ the main parts of an automobile

engine. Such an engine would run

> —but it would not run very long.
When the mixture of fuel and air

/ burns in the cylinder, it creates a

temperature of 4000 to 4500
degrees Fahrenheit. This is almost twice the temperature at which
iron melts. So it is easy to see that if we did not have a cooling
system our engine would not last very long.

The usual way of cooling the engine is to put water jackets
around the hottest parts. Water is constantly circulated through
these by a small pump. The heat of the cylinder makes the water
hot, and it then goes to the radiator where it is cooled by the
outside air passing through.
Then it starts back to the engine

HOT PARTS OF CYLINDER
AND CYLINDER WEAD

again to do more cooling. It is

actually very much like a steam

or hot water heating system in HOT SNGINE
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a home. The engine is our boiler which heats up the water which
then goes to a radiator where it gives up its heat to the air.
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We also need a lubrication system for our engine. If all the
rotating and reciprocating parts were running metal against metal,
with no film of oil between them, they would soon heat up and
stick. The friction would also make it harder for the parts to turn.
So we have a reservoir of oil in the crankcase, where a pump forces
it to the bearings and more critical points in the engine. Some of
it flows through tubes and some through passages drilled in the
crankshaft and connecting rods. The lubrication system might be
compared to the water system in a house. The liquid is forced
from one central place through pipes to many different locations
where it is needed.

We must have some way of starting the engine. It has to be
turning over before it can run under its own power, and we give
it this initial start by means of an electric motor. This is some-
what similar to the motor in our vacuum cleaner or washing
machine. It runs on electricity from the battery, and the starter
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switch is similar to the electric wall switch which turns on the
lights in our home.

THE STARTER TURNS
ENGINE*OVER”

ELECTRIC
MOTOR

There is one more piece of electrical equipment which is
important. This is the generator, which is sometimes referred to
as the alternator. It looks something like the starter motor, but its

ENGINE DRIVES
GENERATOR
THAT KEEPS

BATTERY CHARGED

GENERATOR

job is just the opposite. Instead of taking electricity from the
battery to start the engine, the generator is driven by the engine
and generates electric current which feeds back into the battery to
keep it charged for starting. The generator also supplies power
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for the ignition system, lights, radio, and other electrical units.

We have put together a complete automobile engine—at least
enough parts of one so that it will run and keep on running. But
before we talk about how power from the engine is sent back to
the rear wheels to drive the car, let’s look briefly at something that
is found on all cars produced today—the systems that are used to
control the emission of pollutants to the atmosphere.

There are three major pollutants that are emitted from auto-
mobiles into the atmosphere—hydrocarbons, carbon monoxide,
and oxides of nitrogen. Hydrocarbons, which we can think of as

essentially unburned gaso-

s HYDROCAQBONSfi*\ line, come from the exhaust
N % o pipe and the engine’s crank-
i §) MONOXIDE - case as a result of the com-

NitRocen bustion process. They also

enter the atmosphere from
the carburetor and the fuel tank through an evaporation process.
Carbon monoxide and oxides of nitrogen, on the other hand, are
gases formed during combustion and enter the atmosphere only
from the exhaust pipe.

Today’s cars have built-in systems designed to reduce the three
major pollutants emitted from these sources. The systems may vary
somewhat between different makes of cars, but they all work
to perform the same job—reducing emissions of hydrocarbons,
carbon monoxide, and oxides of nitrogen. Let’s see what the
systems are and what they do.

First, there’s what is known as the
positive crankcase ventilation system.
This system helps control hydrocarbon
emissions by making sure that any
unburned gasoline vapors that might
leak out between the pistons and cylin- CRANKCASE
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der walls and go into the engine crankcase are sent back to the
combustion chambers to be burned.

To control the emission. of hydrocar-
bons and carbon monoxide from the
exhaust pipe, there’s another system that

to cause further burning of the hot gaso-
line vapors before they pass out the
exhaust pipe.

Further control of exhaust emissions is brought about by
changing the shape of the combustion chambers, using a leaner
air-fuel ratio (more air in the mixture that goes to the cylinders for
combustion), regulating the temperature of the air entering the
carburetor, increasing the speed at which the engine idles, and
modifying spark timing for stop and go driving. These changes to
the engine all combine to help achieve more complete combustion
and decrease exhaust emissions.

NON-VENTED— = e
CAP—<3. e / ~—-._._.__________‘____h
; CANISTER

TANK TO CANISTER
VAPOR LINE

To reduce hydrocarbons that evaporate from the carburetor
and the fuel tank when the engine is not running, there’s a system
that vents gasoline vapors into a canister filled with carbon gran-
ules. These granules act like a sponge and soak up the fumes and
store them while the car is parked and the engine cools down.
When the engine starts up, the fumes are fed back to the engine
and burned.



DRIVE SYSTEM

THE FIRST THING needed

in the drive system is a device N =
that will completely discon- B o O j——j
nect the engine from the rear CEW

wheels and the rest of the

power transmission system.

This will allow the engine to

run when the car is standing still.

Suppose we mount two ordinary pie tins, each on a shaft, as
shown. As long as they are not touching each other, we can spin
one as fast as we want to without affecting the other at all. But
if we move them together when

BOTH PLATES ARE TURNING :
Q-’——),—) one of them is spinning, the
:ﬁl@.@: E,E other will begin to turn and
.. almost immediately both shafts
- will be turning together as one
unit. This is the general prin-
ciple of operation of the disc,
or friction, clutch used in auto-
mobiles having manual shift transmissions. The discs are forced
together by strong springs, and are separated by pushing down on
the clutch pedal in the driver’s compartment.
Cars equipped with automatic transmissions do not have a
friction clutch or clutch pedal. We will discuss those shortly, but
first we will cover the manual shift type transmission and drive

system.

FLYWHEEL OR CLUTCH PRESSURE PLATE SPRING COVER
PIE TIN ¥| DIsc OR PIETIN® 2

TO REAR
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TURNING &l TURNING TURNING
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o |
rwwnzn/

"  CLUTCH DISC AND PLATE CLUTCH DISC AND PLATE
DISENGAGED IN CONTACLT WITH FLYWHEE)

A transmission is used in automobiles to enable us to change
the speed of the engine in relation to the speed of the rear wheels.
When a car is starting up or in heavy going at low speed, we need
more twisting force on the
rear wheels to make it go
than we need cruising along

STANDING START NO TRANSMISSION

a good highway at constant
speed. The transmission
gives us this increased twist-
ing force, and also allows

STANDING START WITH TRANSMISSION
the engine to run faster.
The latter is important because an internal combustion engine
does not develop very much power at low speed. When the car
has picked up speed, the transmission is shifted to change the
speed ratio between the engine and the wheels, and eventually is
shifted into direct drive. Direct drive actually means that the effect
of the transmission is eliminated completely; it might just as well
not be there.

The transmission is a system of gears. Suppose we have a small
gear with 12 teeth driving a larger gear with 24 teeth. When the
first gear has made one complete revolution, we might say that
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it has gone around a distance
equivalent to 12 teeth. The sec-
ond one has gone around the J
same distance—12 teeth—but
this means only one-half a rev-
olution for the larger gear. So
this second gear, and the shaft
it is fastened to, always turn
at one-half the speed of the
first gear and its shaft.

A familiar household example of gears is the hand-operated
egg beater. We can turn the large gear fairly slowly and the
small gears meshing with
it turn rapidly to drive
the beaters at high speed.

THE DRIVEN QEAR
47 HAS 34 TEETH

/
THE DRIVING GEAR
HAS 12 TEFTH

SMALL GEAR

ALWAYS TURNS
AT FASTER RATE

TURNS LARGE
GEAR...

THAT MESHES WITH

R O smauL oears... In a manual shift auto-
Jﬂ‘iﬂ‘.’&";ﬁ‘;‘,‘:‘s mobile transmission we
& « have several combina-

= =)

tions of gears arranged
so that we can select the one we want to use at any moment.
For low gear, or first, a small gear on the engine shaft drives a
large gear on another shaft. This reduces the speed and increases
the twisting force. Then a small
gear on the second shaft drives POWER FROM POWER TO
a large gear on the drive shaft
which goes to the rear axle.
This reduces the speed and in-
creases the twist still more, giv-
ing a ratio of about 3 to 1 for
starting up or heavy pulling.
When the car has started we need less twisting force to turn
the rear wheels and we would like more speed. For intermediate
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DRIVING GEAR MAKES

DRIVING GEAR MAKES
| REVOLUTION,

or second gear, we use the same first pair of gears as in low.
We disconnect the second

1 i POWERTD
pair, however, and drive POWER FRom JONEET. o
through two other gears. | )
These are arranged with
the larger one driving 77

the smaller, so there is less
overall speed reduction
than in first gear, about
125 to 1.

Most of the time while we are driving we need no reduction
at all in the transmis-
sion. This is third, or
high gear, and the en-
gine shaft is connected

SECOND GEAR

POWER FROM POWER TO
ENGINE REAR WHEELS

directly to the drive
shaft. They both revolve
at the same speed, that
isa 1 to 1 ratio.

One very important requirement of a transmission is to provide
means to make a car back
up. Reverse gear is very
much like first, giving
about the same ratio and

5t GEAR

using the same four gears.
It also uses a fifth gear,
however, which causes the
drive-shaft to turn in the
opposite direction.

This makes a complete manual shift transmission of the con-
ventional type, with three speeds forward and one reverse. The
gears are mounted in a metal case filled with oil to lubricate the gears

REVERSE
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and bearings. The various speeds
are selected by moving a gearshift
in the driver’s compartment.

Many cars now have some
form of automatic drive, which -musu);suon CASE
eliminates the clutch and the need
to shift gears manually to obtain
the right gear ratios. There are various types, but most of them
are similar in the way they affect the driving of the car.

They usually have
a hydraulic drive of
some sort. One type
in wide use today is
the three-element
torque converter.
Imagine taking a
doughnut, slicing it
in two, and putting
blades on the inside
of each half. Both halves represent two elements of the torque
converter—the pump, or driving element, and the turbine, or
driven element. Now, between these two halves place a plate that
also has blades. This is the third element of the converter called
the stator. All three elements are in a casing filled with oil, which
is circulated by means of
the blades. Let’s see what
happens when we place
the automatic transmis-
sion selector in the Drive
position. ENGINE REAR AXLE

LIKE A DOUGHNUT CUT IN HALF
WITH A PLATE IN BETWEEN

PUMP ELEMENTS
TURBINE STATOR ELEMENTS

The pump is mechan-
ically connected to the
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0 GEAR SHIFT SELECTOR ARM
g \ NEAR STEERING WHEEL
SN

engine’s crankshaft, so it always rotates when the engine runs.
When the engine is started, the pump begins rotating and sends
oil, spinning in a clock-
wise direction, against the
blades of the turbine to
start it turning. The spin-
ning oil has energy which
the turbine absorbs and
converts into torque, or
twisting force, which then
is sent to the rear wheels.
When the oil leaves the
turbine it spins in a coun-
terclockwise direction, and if it went back to the pump spinning
in this direction it would slow it down. We would lose any torque
that had been gained. To make sure this doesn’t happen, we use
the blades of the stator which does not rotate (not just yet, anyway)
to change the direction of the oil flow so it spins again in a clock-
wise direction. When the oil now enters the pump it adds to the
torque the pump receives from the engine, the pump starts to turn
faster, and we start to obtain torque multiplication. The cycle of
oil going from the pump to the turbine, then through the stator,
and back to the pump is repeated over and over until the car
reaches a speed where torque multiplication is no longer needed.
When this happens, the
stator starts to turn
freely (it’s fixed to ro-
tate only clockwise).
The pump and turbine
then rotate at the same TOrRQUE < PLANETARY

CONVERTER GEARING AND

speed and act like a HYDRAULIC
CONTROLS

THE PUMP SENDS OILTO
THE TURBINE. TORQUE IS
MULTIPLIED WHEN THE TURBINE
SENDS |IT BACK THROUGH
THE STATOR TO THE PUMP.

fluid coupling, or
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clutch. (The fluid coupling, another form of hydraulic drive
seldom used today in automatic transmissions, has a pump and
turbine, but no stator.) We now have a situation similar to high
gear in a manual shift transmission where the engine crankshaft
is connected directly to the driveshaft and both revolve at the
same speed, or a 1 to 1

ratio. The stator stops ro- PLANETARY GEARS
. y ARE IN MESH AT
tating when torque multi- ALL TIMES

plication is needed again.

The turbine is con-
nected by a shaft to a gear ZINIONS
transmission located be-
hind the converter. The
transmission usually used
is a planetary gear set and
provides the proper for- SUN GEAR
ward speed gear ratios
automatically plus a
special low gear for greater engine braking or exceptionally hard
pulling, a reverse gear, and neutral. The planetary type of gear
transmission has its gears in mesh at all times. Gear ratios for
different driving conditions are obtained using hydraulic controls
that cause friction bands and clutches to grab and hold certain
gears of the set stationary while

the others rotate. BLACES

OIL FLOW
Hydraulic torque converters
can have variations in the design ‘-
of their basic components. For
example, some stators have their '
blades set at a fixed angle to the @
flow of oil. Others have blades that
are hydraulically operated to pro- STATOR  ANGLE ANGLE
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vide two blade angles automatically—a low angle for maximum
efficiency during the average operating range of the transmission
and a high angle for increased acceleration and performance
(when more torque is needed at
the rear wheels). There also are
variations in the way the com-
ponents are arranged in hydrau-
lic torque converters. Some have
two stators, others have multiple
sets of pump and turbine blades.
Differences can exist, too, in the
way the planetary gears are combined with the pump, turbine,

SEE, NO GEARS TO SHIFT BY HAND
AND NO CLUTCH PEPAL TO OPERATE

and stator elements.

Under ordinary circumstances, however, these variations will
not make a great deal of difference to the driver of the car. He
still will find no clutch pedal and will have no shifting to do,

UNIVERSAL Dlﬁ except when he wants to back
muwnsslm

up. And for forward driving, all
m.s he has to do is step on the accel-
UNIVERSAL JONT  —S/0) erator to go and the brake pedal
to stop.
From the transmission the

propeller shaft, or drive shaft,
goes back to the rear axle. This

THERE ARE TWO COMMON
METHODS FOR CONNECTING
THE ENGINE AND TRANS-
MISSION TOTHE REAR
RXLE

is simply a solid or tubular steel
shaft. The universal joint allows
the rear axle to move up or down
in relation to the transmission
without bending or breaking the
shaft. It is something like the
gimbals of a compass on a boat,
which allows the compass to

THE SHAFT
CAN MOVE
UP AND DOWN
AND SIDETO
SIDE WHILE
IT'S REVOLVING
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remain level at all times
no matter how the boat
rolls or pitches.

In the rear axle we have
two sets of gears. The first
—ring gear and pinion—
is simply to transmit the
power around a corner.
It enables the propeller
shaft to drive the axle shafts which are at right angles to it. The old-
fashioned ice cream freezer has a set of gears to do the same thing.

If we didn’t ever have to turn a corner that is all the gearing

we would need at the rear axle. But

IND 18 MARCHING ASTER ) When we turn a corner the outside wheel e ey

: has to travel farther than the inside
wheel, and so it has to go faster during
that time. It is like a squad of soldiers
making a turn; the outside man has to
march much faster than the one on the

inside. We have a set of gears called the differential to take care _ .
of this having greater traction.

The axle shafts, of course, drive the wheels and make the car
move, which is the point we have been getting to all this time. We
now have a complete rear wheel drive system, just as outlined at the

the other, so the gears on the

axle shafts rotate relative to the

,L‘;:;":‘;;f;;‘:g:t, other small gear. If the ring

=
gear were stationary, one axle
'\ o i / would turn frontward and the
;:E%%’f: other one backward. But inas-
WANDLE SHAFT ool oo much as the ring gear is turning

TURNING AT
SAME SPEED

the whole unit, it means that
one axle is turning faster than the ring gear and the other is turning
slower by the same amount. This can be carried to the point where
one wheel is stationary and the other one is turning at twice ring
gear speed, which is the situation we sometimes get when one wheel
is on a slippery spot
and the other isn’t.
Some cars, however,
can be equipped with
a limited slip differ-
COMPLETE POWER PATH -ENGINE TO REAR WHEELS ential, a type of dif-

ferential that allows the major driving force to go to the wheel

The differential consists of two small bevel gears on the ends
of the axle shafts meshed with two bevel gears (for simplicity we

show only one) mounted in the — =

differential frame. This frame is ALiows ONE beginning. Power start‘s at the engme.and eventua.lly gets to th.e
fastened solidly to the ring gear. ag suans FASTER Ybi¢ re:dr wh_cels, aftel" passing through various mechanisms so that it
When the car is going straight will arrive there in the proper form.

There also are cars today that have front wheel drive. The
same basic components are used
as for the rear wheel drive system,
but all the components are ar-
ranged up front of the driver. The
power flow from the engine is to

ahead, the frame and the gears A
all rotate as a unit, with no ﬂ:
motion between one another.

But when the car is turning, one ~— TO WHEEL :
wheel wants to go faster than RING OEAR —=17 " Loever oeans

e PINION GEAR
DIFFERENTIAL FRAME

TO WHEEL—
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the front wheel axle shafts. Instead of the rear wheels pushing the
car forward, the front wheels pull the car along.

There is one more part of the car we should mention before we
are through. We have shown how we get the car to move, but
another very important point is to be able to stop it.

BRAKE ASSEMBLY
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BRARE DUAL MASTER CYLINDER
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DRUM DISC /

DISC BRAKE

OPPOSING PADS WITH BRAKE LINING
PRESSED AGAINST ROTATING DISC

DRUM BRAKE

PISTONS PUSH BRAKE SHOE AND
BRAKE LINING AGAINST ROTATING DRUM

Brakes are provided for this purpose. There is one in each of
the four wheels, and they are simply a method of applying friction
to the rotating wheels to stop them. It is like rubbing a stick
against the rim of a child’s wagon wheels.

Two types of brake systems can be found on today’s cars—
the drum brake or the disc brake. In the drum brake system, two
stationary brake shoes covered with a special friction material,
called brake lining, are forced outward by hydraulic pressure
against the inside of a metal drum that rotates with the wheel. A
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system of steel tubes filled with a special hydraulic brake fluid runs
from a master cylinder to each brake. When the driver steps on
the brake pedal, pressure is built up in the master cylinder and this
pressure is transmitted through the tubes, called brake lines, to
pistons located inside a hydraulic cylinder in each wheel. The
pistons move outward and push the shoes against the brake drum.
As a safety feature, today’s cars have a dual master cylinder which
provides two independent hydraulic systems, one for the front
wheels and one for the rear.

In the disc brake system, the brake lining is bonded to brake
shoes positioned on each side of a rotating disc located in the wheel.
When the brake pedal is applied, hydraulic pressure transmitted
from the dual master cylinder causes a caliper to clamp the
opposing shoes against the disc (it’s like taking your thumb and
forefinger and squeezing them together against a rotating plate).

The brake is a friction device that converts work into heat,
and the amount of heat created by the brakes during a fast stop
from high speed is amazing. Be-
cause of this, proper cooling of
the brakes is an important con-
sideration during their design.

So now we have everything we
need to make a car go and to

make it stop. It is not a complete
car of course. There are other
parts which are necessary, and many others which have been
added over the years in the interest of safety, comfort, dependability
and so forth. The research people—engineers and scientists of
many sorts—have been constantly improving the automobile until
it is a far cry from the horseless carriage of its early days. And this
improvement goes on year after year, and will continue as long as
men are free to experiment and develop new things under a system
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of individual enterprise and competition.

When we look at the cars going by on the street, we don’t see
any of these parts we have been talking about—except the tires.
And when we look inside the car,
even then we don’t see all those
parts of the engine and the power
transmission system. But when we
get in the driver’s seat and drive
down the road, then it is different. We certainly know that some-
thing is there.

We hope this booklet has given you a better idea of what that
“something” is—those unseen parts that make an automobile an
automobile and not just a stationary room with comfortable seats.

We hope that it will help you take care of those parts better
and to control them properly when driving. Mechanically it is
easy to drive a car. A touch on the accelerator pedal and away we
go. We press on the brake and come to an easy stop. Fast or slow
... up hill and down . . . stop, go, stop . . . about all it takes is a
movement of the foot.

But it takes more than a movement of the foot to drive safely.
It takes a brain to decide what to do and when to do it. Just
like anything else, when we have power over something we have
a responsibility for it too. All the safety is built into the car that
the manufacturer knows how to put in, but he can’t build the driver
to specifications. The driver has a powerful mechanism at his
command, and it is up to him to use it properly.
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