Automotive Learning

Bumpers

Bumpers are made of heavy sheet metal and are mounted on the front and rear
of the car. Bumpers are bent and formed into specific shapes in order to absorb
and deliver momentum during a collision.

In the event of a collision, the bumper absorbs some of the impact, which
decreases damage to the car and | It also protects the front of the
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Radiator Grille

The radiator grille is the part of the body shell on the front of your car that covers
the area where the air enters. The radiator grille can also be part of the bumper
on some cars. The radiator is connected to the shroud for the radiator. The
shroud directs the air that comes in through the radiator grille to the radiator only.
This prevents the air from escaping around the radiator and failing to cool the
engine. On newer cars, the radiator grille has been lowered to take advantage of
lower hood lines, brought about by an effort to increase fuel efficiency. Older cars
had massive grilles, whereas the cars now produced have smaller more
aerodynamic grilles.
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Lighting Circuit

The automobile lighting circuit includes the wiring harness, all the lights, and the
various switches that control their use. The complete circuit of the modern
passenger car can be broken down into individual circuits, each having one or
more lights and switches.

In each separate circuit, the lights are connected in parallel, and the controlling
switch is in series between the group of lights and the fuse box. The parking
lights, are connected in parallel and controlled by a single switch. In some
installations, one switch controls the connection to the fuse box, while a selector



switch determines which of two circuits is energized. The headlights, with their
upper and lower beams, are an example of this type of switch. Again, in some
cases, such as the courtesy lights, several switches may be connected in parallel
so that any switch may be used to turn on the lights.

Hood

The car's hood is another type of door. It also consists of an inner and an outer
panel. The inner panel provides strength. The outer panel is just a metal cover,
or "skln" The under3|de of the hood is often covered W|th a sound-absorbing
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Rear Quarter Panel

The rear quarter panel is the body skin, or sheet metal, that runs from the
rearmost part of the rear door edge, around the back and to the rear door on the
other side of the car. On many cars, the rear quarter panels are integral with the
roof. The rear quarter panel is composed of an outer skin and inner panels. The
inner panels are reinforcements for the rear of the passenger compartment, the
trunk, and the wheel housings. Without the inner panels, there would be severe
vibration and weak construction in the back of the car.
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Air conditioning, or cooling, is
(like air).

A compressor circulates a liquid refrigerant called Refrigerant-12 (we tend to call
it "Freon," a trade name, the way we call copy machines "Xerox" machines). The
compressor moves the Refrigerant-12 from an evaporator, through a condenser
and expansion valve, right back to the evaporator. The evaporator is right in front
of a fan that pulls the hot, humid air out of the car's interior. The refrigerant
makes the hot air's moisture condense into drops of water, removing the heat
from the air. Once the water is removed, the "cool" air is sent back into the car's
interior. Aaaaaah! Much better. Sometimes we worry when we catch our car
making a water puddle on the ground, but are relieved to discover that it's only
water dripping from the air conditioning system's condenser (no color, no smell,
and it dries!). Note: Refrigerant-12 is extremely dangerous. Many special



precautions must be taken when it is present. It can freeze whatever it contacts
(including your eyes), it is heavier than air and can suffocate you, and it produces
a poisonous gas when it comes in contact with an open flame.

Tires

A tire is a tubular corded carcass covered with rubber or synthetic rubber, which
is mounted on a wheel and inflated to provide traction for moving a vehicle and
for assisting the brakes in stopping it. Today’s tires, when properly inflated, will
absorb bumps on a road's surface and give a safe comfortable ride, while
providing a reassuring grip on the e
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Disc Brake

Disc brakes use a clamping action to produce friction between the wheel and the
suspension members, which hold the wheel. Firmly mounted to the spindle, the
caliper works like a c-clamp to pinch the rotor, which is attached to the spinning
wheel.

"Floating" calipers allow themselves to move slightly when the brakes are applied,

because only one pad moves (in relation to the caliper). If the caliper is solid-
mounted, there are pistons on each side of the rotor. These are called "dual
cylinder" or "dual piston" calipers, and are standard equipment on many
performance cars. Inside the caliper, the piston(s) press against the pads due to
the pressure generated in the master cylinder. The pads rub against the rotor,
slowing the vehicle. Because disc brakes can fling off water more easily than



drum brakes, they work much better in wet conditions. They allow better airflow
cooling, which also increases their effectiveness. Some high performance disc
brakes have drilled or slotted holes through the face of the rotor, which helps to
prevent the pads from "glazing” (becoming hardened due to heat).

Disc brakes were introduced as standard equipment on most American cars in
the early seventies. The disc (rotor) is a heavy plate that attaches to the spindle
to provide a two-sided braking surface. Fluid from the brake line flows into a
cylinder mounted on the side of a clamp-like caliper. Part of the fluid pressure is
exerted against a piston, which forces the brake shoe and pad against the inside
surface of the disc. The fluid also exerts_pressure in the other direction against
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to move sideways, bringing ﬁ uf i‘,"ﬂmg.;.ﬁ'.!' against the outside of
the disc to provide addi E}#'.,r"".‘ B around the outside
rim of the disc allo of"
quickly.

Emergency
Brake

Lines
Disc Brakes

200 How Shufl Woekis

Layout of typical brake system
The main components of a disc brake are:
+ The brake pads
« The caliper , which contains a piston

« The rotor , which is mounted to the hub
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Figure 4. Parts of a drum brake
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contains all of your gauges; gas, temperatt achometer, etc. These enable you
to monitor the operating conditions of your engine and charging system, fuel level,
oil pressure and coolant temperature. Warning lights come on to alert you to
dangerous coolant temperatures, or loss of oil pressure. In 1924 the Nash Co.
introduced the electric clock as an accessory.

Rocker Panels

A rocker panel is a three or four inch piece of metal that runs along the bottom of
the car body underneath the doors. Rocker panels are usually coated with a rock
proof protectant, which rubberizes the exterior surface before the car is painted.



If you have mud flaps behind your wheels, this protects your rocker panels, as
well as your fenders and your doors. Rocker panels are often made of chrome
plating, and enhance the car.

Door

A door consists of an inner and an outer panel. The inner panel provides strength.

The outer panel is just a metal cover, or "skin." The inner panel has a variety of
holes and stems for the attachment to the window mechanisms and locks. The
upper part of the door is the window glass that rides in grooves on two sides of
the door frame.
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interlayer. Research has demonstrated NIS new laminated glass is about 4
times safer than toughened glass, but because it is more expensive, controversy
continues as to whether or not toughened glass windscreens should be banned
by legislative action and replaced by laminated glass. Recent developments have
combined the benefits of both laminated and toughened material in that a
laminated construction is used, but the sheet next to the inside of the car is made
of toughened glass.

Windshield Wipers

There are three types of motors that can be used for windshield wipers. The
permanent "magnet” motor has two ceramic magnets that are cemented to the
field frame and does not use field windings. It needs less energy than the other



types of motor design, but the switch must be wired in series, creating many
areas of resistance. The "shunt wound" motor provides a very consistent speed,
but doesn't provide much torque upon starting. The "compound” motor wiper has
a strong starting torque and provides consistent speed, but it is the most
expensive. Most cars have an intermittent wiper system, which permits the driver
to select a delayed wipe that operates only every few seconds.

A representative wiper/washer unit is the wiper assembly, which incorporates a
depressed park system that places the wiper blades below the hood line in the
parked position. The relay control uses a relay coil, relay armature, and switch
assembly. It controls starting and stopplng of the wiper through a latching
mechanlsm An electric washer DU U the gearbox section of the

How Windshield Wipers Work @ 5061, MowStstiok
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Motor and Gear Reduction

It takes a lot of force to accelerate the wiper blades back and forth across the
windshield so quickly. In order to generate this type of force, a worm gear is used
on the output of a small electric motor.

The worm gear reduction can multiply the torqgue of the motor by about 50 times,
while slowing the output speed of the electric motor by 50 times as well. The
output of the gear reduction operates a linkage that moves the wipers back and
forth.
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power to the wipers until
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Fuel Filler Cap

Although all of us know how to use the fuel filler cap, it is actually more
complicated than it looks. Inside the fuel filler cap is a pressure release valve.
This allows it to vent the fumes in the gas tank if they build up to predetermined
levels. Until the fumes reach these levels, they are shunted through the charcoal
canister, which collects the fuel from the air before the air escapes. When the
fumes build up above the predetermined (differing from car to car) threshold level

of the fuel filler cap's pressure release valve, they are vented into the atmosphere.

The fuel filler cap has a rubber flange around the neck. This flange should be
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inspected for cracks or inflexibility. If the flange does become cracked or
inflexible, it should be replaced to keep the environment clean.

Wheel Well

The wheel well is either plastic or metal. Metal wheel wells are usually part of the
body shell. Metal wheel wells strengthen the structure of the car because of their
shape, and because they are strongly welded to the body shell. Most rear wheel
wells are made of metal. Wheel wells are coated with a rock-proof, rubberized
coating underneath, in order to prevent the rocks kicked up by the wheels from
damaging the metal and making a Iot of noise when they hit. Often the front
wheel wells are made of plastlc i is harder to mount the engine
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Sprung and Unsprung Weight

"Sprung” weight is a term used to describe the parts of an automobile that are
supported by the front and rear springs. They suspend the vehicle's frame, body,

engine, and the power train above the wheels. These are quite heavy assemblies.

The "Unsprung" weight includes wheels and tires, brake assemblies, the rear
axle assembly, and other structural members not supported by the springs.

The Steering/Suspension System (Overview)
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"Suspension,” when discussing cars, refers to the use of front and rear springs to
suspend a vehicle's "sprung" weight. The springs used on today's cars and trucks
are constructed in a variety of types, shapes, sizes, rates, and capacities. Types
include leaf springs, coil springs, air springs, and torsion bars. These are used in
sets of four for each vehicle, or they may be paired off in various combinations
and are attached by several different mounting techniques.

The suspension system also includes shocks and/or struts, and sway bars. Back
in the earliest days of automobile development, when most of the car's weight
(including the engine) was on the rear axle, steering was a simple matter of
turning a tiller that pivoted the entire front axle. When the engine was moved to
the front of the car, complex U_g}ﬂ' n--o to evolve. The modern
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Rust Prevention

Rust is very bad for your car. It will also depreciate the value of your car more
than any other problem. It is the most difficult and expensive problem to fix. The
best way to protect your car against rust is to keep the body clean and check it
regularly. If you see a light brown stain, don't ignore it, have it fixed before it gets
worse. Although most rust problems can be repaired, if it involves chrome parts,
you will need to replace them.

The major cause of rust is salt on the roads. The salt carries moisture into every
nook and cranny of your car. Rising temperatures bring on salt-caused oxidation.
This makes the salt already in your car worse in the spring. Heat in your garage
will also bring out the worst in the salt. Acid rain is also bad for your car's body; it
ruins the paint that protects the metal of the body. Undercoating is not rust
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proofing. Its job is to deaden sound. If any salt or moisture gets into the
undercoating, it aids in the rusting process.

To prevent rust: 1. Keep your car clean and well waxed. 2. Rinse the underside
with water when salt is in use or if you live in a salty area. 3. Keep your wheel
wells clean and free from material that holds moisture, such as dirt or leaves. 4.
Make sure that all drain holes in the frame, floor and bottoms of doors are clear.
5. After you wash your car, open the doors to let the water drain out. Rust
proofing is a treatment of waxy paste sprayed inside the body panels by an "after
market" specialist. The specialist drills holes in hidden areas, sprays in the paste,
and plugs the holes. Another type of rust roofing is a clear silicon-based spray

that is applied to your palnt Qaf -ng ,._w -- als and pollution. Modern
cars come with good n.m-.... warranties against
corrosion. You mlght i . *"'—‘u‘ e trying to protect
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angle. Caster is usually not adjustabIe™ Witk e weight balance factors to be
checked out and corrected, it is obvious that wheel alignment is more than just
an adjustment of the steering angles. The whole theory of wheel alignment
revolves around balanced weight distribution on the wheels and proper tire tread
contact with the road surface while the vehicle is in motion.

The Body (Overview)

The body shell is a fairly complex assortment of large steel sections. These
sections have been stamped into specific shapes which make up the body of
your car. These parts are designed to do many jobs at once; protect the
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occupants from the elements and in collisions, provide solid mounts for all other
systems, and to slice through the air with minimal resistance. The body also has
one other job which is usually important to the owner... it has to look good!
Although the zillions of parts that make up a car are all very important, it is also
important that the car's body be able to make riding in a car bearable for you.
Early cars were so uncomfortable to ride in, that the human body could stand it
only for short periods of time. Auto bodies have come a long way since then. The
body and the suspension system now give us a smooth ride, and cushion us
from the jarring of the road. The idea is that the body of the car should go forward
with as little up-and-down, and side-to-side movement as possible.
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The radiator is a devicedde ich the coolant has
absorbed from the engine. rge amount of water in
tubes or passages, which provide ™ : ontact with the atmosphere. It

usually consists of a radiator core, with |ts Water carrying tubes and large cooling
area, which are connected to a receiving tank (end cap) at the top and to a
dispensing tank at the bottom. Side flow radiators have their "end caps" on the
sides, which allows a lower hood line. In operation, water is pumped from the
engine to the top (receiving) tank, where it spreads over the tops of the tubes. As
the water passes down through the tubes, it loses its heat to the air stream,
which passes around the outside of the tubes. To help spread the heated water
over the top of all the tubes, a baffle plate is often placed in the upper tank,
directly under the inlet hose from the engine. Sooner or later, almost everyone
has to deal with an overheating car. Since water is readily available, it is not
beyond the ability of most people to add some to their radiator if it's low. BUT
PRECAUTIONS MUST BE TAKEN OR SERIOUS BURNS CAN RESULT.
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Here are a few pointers for dealing with an overheated radiator: 1. Turn off the
A/C. If the car is not seriously overheating, this will reduce the engine's
temperature. The AC evaporator is located in front of the radiator, and it adds
heat to the air going to your engine. The hotter the incoming air is, the less
efficient the radiator will be. 2. Turn on your heater (set on highest temperature
setting, with blower on highest setting). This will be uncomfortable for you, but it
will cool the engine by transferring the heat to the air. Roll down the windows,
and remember how 'hot" you'll get if your engine needs replacement! 3. If you're
stuck in traffic, pull over and stop. Unless you're moving, very little cool air
reaches the radiator. Open the hood and let the engine cool off. This takes time,
so be patient. Use the time to go ater or antifreeze. 4. Check the
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Radiator Shroud

If the fan that pulls air through the radiator core to cool the engine coolant is too
far back, it will end up re-circulating the same hot air that has collected behind
the radiator. For this reason, the radiator often has a shroud. The radiator shroud
prevents the re-circulation of air around the fan. It is usually a plastic hood that
encloses the fan to guide the air through the core, and stop it from coming back
around and through the fan again. It also protects you from the fan blades!

Air Dam
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An air dam is a projection of the body shell underneath the front of the chassis.

Its function is to reduce the amount of air turbulence and drag underneath the car,

and to channel air to the radiator.

Brake Cooling Ducts

In high performance cars, small brake cooling ducts are built into the bodywork
near the front and/or rear wheels. On the air dam, the duct is a small opening.
Behind the opening, a small tube runs to the backing plate. This allows cool air to

be directed onto the brakes, increasing braking potential and reducing brake fade.

Brakes tend to "fade" (lose their effectlveness) if they get hot. Lots of cars have
very small sheet metal projection ng plate that serve as an air
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allow the air, which is compressed within the engine compartment to exit to an
area, which is of relatively low pressure rather than trying to force it under the car
where there isn't as much room for it.

Spoiler

A spoiler is a kind of wing that is mounted on the rear of the car in a horizontal
position. Its function is to provide high-speed stability. For most cars, the spoiler
is purely cosmetic; a car has to be going over 100 mph to take advantage of the
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aerodynamics of the spoiler. Some mini-vans also make use of a spoiler, but it's
upside down, and angled. The purpose of this type of spoiler is simply to keep
the rain off the rear window.

Brake Cooling Ducts

In high performance cars, small brake cooling ducts are built into the bodywork
near the front and/or rear wheels. On the air dam, the duct is a small opening.
Behind the opening, a small tube runs to the backing plate. This allows cool air to

be directed onto the brakes, increasing braking potential and reducing brake fade.

Brakes tend to "fade" (lose their effectlveness) if they get hot. Lots of cars have
very small sheet metal projection ng plate that serve as an air
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Headrests

Headrests are a safety device and enhancement. If a headrest is properly
positioned behind your head, it can protect you from injury during a collision.
Some safety conscious car manufacturers have headrests for both front and rear
seats. Headrests can also be safety hazards if they are positioned improperly. A
headrest that is adjusted too high can obscure the driver's rear view. If a
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headrest is adjusted too low, during the event of a collision, it can "chop” the
driver or passengers in the neck, rather than protect the head.

Rear-impact accidents occur frequently and are increasing with the greater
density of today's traffic. In rear end collisions, the car is suddenly accelerated
forward, with the result that the head of an occupant is snapped backwards over
the seat back. This can cause a serious "whiplash" injury to the neck. To prevent
such injuries, some seats are fitted with head restraints. Many of these, however,
are not used as designed, because the user has to adjust his own head restraint
so that it is in the right position to protect them in a collision. In the United States,
for example, where nearly all head restraints are adjustable, field surveys have
shown that 80% of the head resiiis gfe i down position all the time.
As a result, head restraint f:r of hardly any bene RaCCi
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greatly improve your chanCe
study made public on June 26, etnced that air bags are far more
effective than seat belts alone. Air bags can reduce the risk of death in a head-on
collision by 26% and in all serious accidents by 13%. However, the DOT
cautioned that air bags work this well ONLY when occupants were wearing a
properly buckled seat belt over lap and shoulder. Other studies have shown that
WITHOUT A BELT, AIR BAGS ARE OF SLIGHT BENEFIT. Air bags are only
useful in frontal crashes, so it is not a good idea to skip your seat belt because
you have an air bag. Air bags provide very effective protection in frontal crashes,
inflating instantly to protect the driver or passenger that has a air bag. They
spread the impact of the crash over the individual's head and chest and protect
fragile body parts from the car's hard surfaces. More than 6 million cars (about
4% of cars on the road today) have air bags, but the majority of them have air
bags on the driver's side only.
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Federal officials estimate that air bags have inflated in more than 57,000
accidents since they were introduced, six years prior to 1992, and saved about
300 lives. This report came out in the middle of the most sweeping safety
overhaul since the introduction of the seat belt almost 30 years ago. For the first
time, most new cars sold in the US in 1992 have driver's side airbags. Within 6
years, federal law will require that every new car, light truck and van have air
bags on both sides. The main concern of car safety research in the last few years
has been the development of passive safety design features, where the aim is to
improve the "crash-worthiness” of vehicles. The fundamental aim of good
passive safety design is to ensure that onIy tolerable loads are applied to a car
occupant's body during a crash. Thi done_first by restraining the occupant
within the passenger comp mefit b nre: #:Ijj‘ at belt or other device, so
that chances of making e n-l”""'-""""rq....'rfh he car are reduced.
Secondly when contag : Esplihich are likely to be

It is important fg e for es that the
human body cafi™V "l&s not been
fully researchgd=A\ > at loy IuRteers, but
for high-spee ) S

dummy perf

be that thes 3

work is cur

this area, E'% ﬁ:ﬁ o[§ HI-. i recent
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steering wh : ms. The
benefits of t ce EE"‘ ﬂﬂiﬂg'EE‘ r50%of
fatal and seric Syt seupants wore
their seat belt MOSt 8IS’ and driver
must have seat hdo0 not enforce
a seat belt law fo firen under five

Steering Systems

The manual steering system incorporates: 1. Steering wheel and column, 2. a
manual gearbox and pitman arm or a rack and pinion assembly, 3. Linkages;
steering knuckles and ball joints and 4. The wheel spindle assemblies.

In Pittman arm systems, the movement inside the steering box causes the
Pitman shaft and arm to rotate, applying leverage to the relay rod, which passes
the movement to the tie rods. Power steering systems add a hydraulic pump;
fluid reservoir; hoses; lines; and either a power assists unit mounted on, or
integral with, a power steering gear assembly.
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There are several different manual steering gears in current use. The "rack and
pinion" type is the choice of most manufacturers. The "re-circulating ball" type is
a past favorite because the balls act as a rolling thread between the worm shaft
and the ball nut. Another manual steering gear once popular in imported cars is
the "worm and sector" type. Other manual gears are the "worm and tapered pin
steering gear" and the "worm and roller steering gear."

The steering wheel and column are a major source of injury to the driver, and a
range of energy absorbing and non-intrusion designs have been developed.
There is great variation in these designs, some of which are now thought to be
not fully effective. Energy-absorbing columns have to serve two functions. First,
they must stop the steering whege lﬂ '-'-W being pushed to the rear as
the front of the car is crus 5 lrlﬂ--&.m. hfelesigns were invented, a
common feature of dri 5 ﬂ"""‘m Aq"""l '

column. The energ 'L ,

tolerable impact H*':",I ; M e .
' 1edllriver's chest
i

that point in the

should not ‘ e 0 s chest.
The syste
stays in suc
into the regi

The floor pan i ation of the
body shell. The ; a€commodate the
spatial requireme !' [ as well as the
passenger compart trunk of the car

It's Just Another Statistic

From the very first, automobiles have attracted each other like magnets, even
when there were only two in the same town. The first incident (or accident)
occurred when horse met car. The car-haters over-dramatized the runaways and
foretold all sorts of catastrophes for the future. On the other hand, the motorists

blamed it on the horses and predicted a great new day of personal transportation.

Each side had an element of truth. There was no question that the automobile
was a boon to mankind, but it was also to prove to be a killer of people, a
destroyer of property, and the accomplice of criminals. Even in the beginning of
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the automobile age, when numbers were few and bad roads limited the amount
of traffic, deaths due to accidents in automobiles began to mount. Before the U.S.
entered WWI, auto accidents had killed more than 36,000 Americans. By
comparison, only 22,424 had lost their lives in the Revolutionary War, the War of
1812, the Mexican War, and the Spanish-American War combined. This trend to
kill more people with cars than with weapons worsened as the years rolled by.
Before the turn of the century, anti-horseless carriage sentiments began to
express themselves in restrictive regulations.

In the late 1890s, Louis Greenough and Harry Adams of Pierre, South Dakota,
built a homemade car out of an Elkhart wagon and a two-cylinder Wolverine gas

motor, hoping to haul passenggk IL 1 Mﬂn 8 hey were not only denied
permission to haul passeng Ithoritie S Woule pven let them bring their
contraption inside the Gi e streets of many
cities: Boston, ChIC a Massachusetts
an act to require i ol 4 veulidiing with each

wheel revolutio ;
warn of the vehIC Ofists to stop
completely wiile4b 1
as low as twg and
some, night
the streets
steel cable is was
antagonism :
the jumble ¢
wrinkle was

or "by guess a
stretch chains

cars, smce they welere o find ways to
defend themselves.

One way was by organizationg'a T FlogneA utomobile Association
was formed in Chicago to take "t e motor car operator. That
same year, the city passed an ordinance prohibiting the driver of a car to wear
"pince-nez" glasses. The A.A.A. proved to be a good watchdog for its members
as it fostered realistic regulations and fought against abusive police action,
especially the common practice of arresting owners of expensive cars on the
premise that such people could afford to pay a stiffer fine. In the middle of this
confusion, there seemed to be no stemming the growing tide of accidents. It was
a case of simple arithmetic; more cars meant more collisions. With each year, too,
the autos were made faster and more powerful. Narrow roads with no shoulders
and sharp, unbanked curves simply couldn't accommodate speed runs, and from
the beginning, auto owners have had the desire to "see how fast she'll go."
Gradually, the automobile was accepted as a permanent fixture, and traffic
regulations shifted from anti-car priority to that of anti-accident.
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On October 13, 1913, The National Council for Industrial Safety opened a three-
room headquarters in Chicago. The original emphasis had been on the
"industrial," but in that year, the Public Safety Commission of Chicago and Cook
County reported that in July, twenty people had been killed by automobiles,
eighteen of them children. The commission launched an education program -
with leaflets and slides - in the schools and parks, and the new NCIS realized
that the motor car would have to be the subject of its most intense study. In 1914,
the organization's name was changed to The National Safety Council, and it
began to the compile statistics on automobile accidents. From 1913, when the
death toll was 4,000, or 4.4% of a 100,000 populatlon it rose, in 1930, to 32 900,
or 26.7%. The desire to "do somethl 0

stronger.
August that year an :

bootleggers, i
rumble seat

In 1924,
chairman
committee

years later, “ b‘ j I' .
own tlme bu ~ E"

Did Anyone Get That License Number?

After the end of WWII, teenagers, trying to find their individualism, made their
cars into hot rods, low-riders and high-riders. They put chrome on everything that
would hold it, and painted everything that was paintable - often with florescent
colors, and otherwise extended their efforts to make their car their "own." Many
people hung a pair of oversized dice from their mirror in an effort to show
independence. Some displayed logos of their school or club. Then came the
bumper sticker. The bumper sticker was first held on with wires and probably
said, "Buy War Bonds." After the war, the stickers actually began to stick.
Probably due to our need to "do (or say) our own thing." Nearly every car now
has a message; some subtle, some clever, and some down-right obnoxious.
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In 1901, Connecticut passed laws regulating the registration and speed of motor
vehicles. That same year, New York state required "that every vehicle shall have
the separate initials of the owner's name placed upon the back thereof in a
conspicuous place." That was fine when there were only 954 cars involved, but
when registrations increased, the variety of lettering and location of the initials
was so great that the state amended the decree and required that assigned
registration numbers be shown on plates or leather pads. The state collected a
$1.00 fee and assigned the owner a number. He had to buy brass numerals, bolt
them to a strip of leather, and attach his homemade tag to his car. In 1903,
Massachusetts issued the first official state-made license plates, heavy
porcelaln -enameled white on dark b gs. Other states followed suit with

production of licen e S ) he actual work
- rehabilitating t s
outside.

In 1937, Confiectig
opportunity t9-0¢
found that p
letters, cha
sentiment t
review eac
prestigious

message. T tags to
a thief is no L_:]

being stolen

discovering tha a creative a
tag is, the more - o ,"J- may derive

carburetor float bowl and fuel tank. herer glne causes the vacuum port in
the canister to pull fresh air into the canlster to clean out the trapped fuel vapor.
The trapped fuel vapor is then fed into the carburetor to be burned.

The Condenser

The condenser is a long tube that goes back and forth through a multitude of
cooling fins, quite similar to the evaporator in structure. The condenser is
mounted in front of the radiator to take advantage of the forced air provided by
the fan and the motion of the car. As the highly pressurized refrigerant (vapor)
flows into the condenser, it gives off heat and warms the condenser. This causes
the condenser to be hotter than the forced air coming through the condenser.
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The condenser hands its heat off to the forced air and turns the refrigerant back
into cool liquid in the expansion valve, where it heads back to the evaporator.

Sway Bar

Some cars require stabilizers to steady the chassis against front-end roll and
sway on turns. Stabilizers are designed to control this centrifugal tendency that
forces a rising action on the side toward the inside of the turn. When the car turns
and begins to lean over, the sway bar uses the upward force on the outer wheel
to lift on the inner wheel, thus keeping the car more level.

Control Arms
A control arm is a bar

x '.'-Fimhlu.q_.,f

gl to attach suspension

members to the chas .ﬁ, ,..l'""' %ﬁpu poth front and rear
suspension, three o .f.‘ hediear axle housing
and the frame to g - *"u arms pivot on
the frame membg q*f{ p provide for
up-and-down are control

arms with twe'dl ' gsigns use
control arms insté : i
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These noxia S.are hyc - oxides
To prevent el diiizitung e Eodoks bl
include a cata ; T}

installed in thele
makes use of
causes a reactio

Basically, the harmful gases enter the
container. The converter is lined with chemicals such as aluminum oxide,
platinum and palladium. These chemicals cause the carbon monoxide and
hydrocarbons to change into water vapor and carbon dioxide. Some converters
have a third lining of chemicals, platinum and rhodium, that reduce nitrogen
oxides (three-way, dual bed converter). The reason that leaded gas cannot be
used in an engine with a catalytic converter is that the lead coats the chemicals
in the converter. This makes them unable to do the job anymore, since the
chemical lining can't come in contact with the pollutants. At first, this was a big
disappointment, because lead acted as a lubricant and helped to reduce wear on
some of the engine parts. Luckily for our engines and the environment (not to
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mention us), car manufacturers soon got around the problem by making tougher
parts and coating them with special metal.

Frame (Chassis)

The frame provides a firm structure for the body, as well a good anchor point for
the suspension system. There are two types of frames; integral frames (you've
probably heard of them as "unibody") and conventional frames.

A conventional frame is basically a "one-piece" frame, or two "one-piece" frames
fastened together. The frame is extremely rigid in order to keep all the other parts
of the car in perfect alignment. The_mag rer takes this type of frame and
attaches all the other parts Q ‘i cah i it  Jik T s a sculptor starts with a
wire frame to build his sg anceeivesil S r*_g: » keep things smooth,
rubber insulator bloc r.‘.ﬁ. _F"".I.JJI 2 the e

The integral, i
body parts
sections are
suspension
have parti
members.

connected between the tail pipe an@*thefeataly onverter. There are two types
of muffler design. One type uses several baffled chambers to reduce noise. The
other type sends the gases straight through perforated pipe wrapped in metal or
fiberglass. This type of muffler is designed for the purpose of reducing back
pressure and consequently, makes slightly more noise. Since a muffler cannot
reduce the noise of the engine by itself, some exhaust systems also have a
resonator.

Resonators are like little mufflers, and are usually the "straight through" type.
They are added at the end of the exhaust system to take care of any noise that
has made it through the muffler. The muffler quiets the noise of the exhaust by
"muffling" the sound waves created by the opening and closing of the exhaust
valves. When an exhaust valve opens, it discharges the burned gases at high

-26-



pressures into the exhaust pipe, which is at low pressure. This type of action
creates sound waves that travel through the flowing gas, moving much faster
than the gas itself (up to 1400 m.p.h.), that the muffler must silence. It generally
does this by converting the sound wave energy into heat by passing the exhaust
gas and its accompanying wave pattern, through perforated chambers of varied
sizes. Passing into the perforations and reflectors within the chamber forces the
sound waves to dissipate their energy.

Drive Shaft Clearance Tube

The drive shaft clearance tube is a sectlon of the floor pan. It is actually shaped
more I|ke a tunnel than a tube

engine with 3 s
fuel until it i eration hihlet pipe
and an outl
be located
inch above 1

out into the ¢ Ql [l ATPIUG, SO hat tank
may be draln : " i-l h 'L) l Lh q [ .:'E* ed higher
than the engin 'i',u a eehgine. This
arrangement ca .1:._._ owed away
from the engine. ¢

Shock Absorbers

In the past, a wide varie psorbing devices were
used to control spring action © day, direct, double-acting

hydraulic shock absorbers and shock asorber struts have almost universal
application. The operating principle of direct-acting hydraulic shock absorbers is
in forcing fluid through restricting openings in the valves. This restricted flow
serves to slow down and control rapid movement in the car springs as they react
to road irregularities.

Usually, fluid flow through the pistons is controlled by spring-loaded valves.
Hydraulic shock absorber automatically adapt to the severity of the shock. If the
axle moves slowly, resistance to the flow of fluid will be light. If the axle
movement is rapid or violent, the resistance is stronger, since more time is
required to force fluid through the openings. By these actions and reactions, the
shock absorbers permit a soft ride over small bumps and provide firm control
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over spring action for cushioning large bumps. The double-acting units must be
effective in both directions because spring rebound can be almost as violent as
the original action that compressed the shock absorber. In the 1930s, there was
a school for chauffeurs of the Rolls Royce. Since the car had a reputation to
maintain for its smooth and quiet ride, the students had to pass a special test.
They were required to drive a Phantom Il model with a glass of water on the
radiator without spilling a drop!

The Universal Joint (U-joint)

The Universal joint (U-joint) is used to connect the drive shaft to the transmission
output shaft and the dlfferentlal of . This joint must be flexible

and down. Smaller U . )tien of the steering
wheel through the stee : 1? two types of U-
joints, the cross ,\f' - ""' '

roller type is
trunnion type

The Differ

The differe but lets
them rotate il € fnen a car
makes a tur o f_ T;:‘ [ h_ st !.D 'l:' SEnEel, due to the
difference in : e ated between
the two wheelSha af) through a
bevel gear

Four-wheel drive Cé of wheels. A
grooved or splined, ax . fipedend of each axle.
The side gears are drive Spid W are gears mounted on a
shaft attached to the differentte & 0Te] d by the differential case,
the side gear can turn inside the C e differential case can be turned,

revolving around the axle gears. The dlfferentlal pinion (a pinion is a small gear
that either drives a larger gear or is driven by one) shaft turns the ring gear,
which is fastened to the differential case.

The propeller shaft (drive shaft) connects the transmission output shaft to the
differential pinion shaft. The turning differential case is mounted on two large
bearing holders. These bearings are called carrier bearings. The propeller shaft
rotates the ring gear pinion, and the pinion turns the ring gear. The ring gear then
turns the differential case and pinion shaft, but the axle side gears will not turn.
By passing the differential pinion shaft through two differential pinion gears that
mesh with the side gears, the case will turn and the axle side gears will turn with
it. During turns, the side gears turn at rates dictated by the radius of the turns,
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and the spider gears then turn to allow the outer wheel to turn faster than the
inner one.

The Drive Shaft

The drive shaft, or propeller shaft, connects the transmission output shaft to the
differential pinion shaft. Since all roads are not perfectly smooth, and the
transmission is fixed, the drive shaft has to be flexible to absorb the shock of
bumps in the road. Universal, or "U-joints" allow the drive shaft to flex (and stop it
from breaklng) when the drive angle Drive shafts are usually hollow in
‘i‘ faméte "5'1114 are strong. High quality

& usedwifsthe | s e of the drive shaft.

Drive. The ek 5 mal 2cted to the
transmission oLt ' isiare used
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The Steering/Suspension System (Overview)

"Suspension,” when discussing cars, refers to the use of front and rear springs to
suspend a vehicle's "sprung" weight. The springs used on today's cars and trucks
are constructed in a variety of types, shapes, sizes, rates and capacities. Types
include leaf springs, coil springs, air springs, and torsion bars. These are used in
sets of four for each vehicle, or they may be paired off in various combinations
and are attached by several different mounting techniques.

The suspension system also includes shocks and/or struts, and sway bars. Back
in the earliest days of automobile development, when most of the car's weight

-29-



(including the engine) was on the rear axle, steering was a simple matter of
turning a tiller that pivoted the entire front axle. When the engine was moved to
the front of the car, complex steering systems had to evolve. The modern
automobile has come a long way since the days when "being self-propelled” was
enough to satisfy the car owner. Improvements in suspension and steering,
increased strength and durability of components, and advances in tire design and
construction have made large contributions to riding comfort and to safe driving.

Cadillac allegedly produced the first American car to use a steering wheel
instead of a tiller. Two of the most common steering mechanisms are the "rack
and pinion" and the standard (or re-circulating-ball) systems that can be either
manual or assisted by power. Lielira K< @ j_“ Mas designed for sports cars
and requires too much drj ﬂ##___..p-umm.m- _h e _very useful |n larger,
heavier cars. Howevergfiov .

movement.
swaying af
undesirable

used in this type QfgStispe
frame behind the wWie [ : ol arm. As the

the pressure is released, ju ri}_.;] g i.r-L-" g after being compressed.
Adjusting the torsion bars controls tf 3 e front end of the vehicle. The
adjusting bolts are located at the torsion bar anchors in the front cross member.
The inner ends of the lower control arms are bolted to the cross member and
pivot through a bushing.
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Steering & Suspension sysytem

Front wheel rim Inner control arm

Front Tire -
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Rear coil spring
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Power steering unit __
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Power steering pump (Frame} Steering column
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The Brake
The braking

system can exert 3 e
four brakes. In m@ "-‘j parately power-
aSS|sted to activate th
stems within the braking
safer than earlier braking
systems. High-performance disc brakes orlglnally were developed for racing, but
are now used on many newer cars.

On most cars, the front brakes are of the disc type, and the ones in the rear are
the drum type. The parking brake is a cable-operated system, which usually is
attached to the rear wheels. In almost all braking systems, the brake pedal is
connected to a "master cylinder" by a push rod. The master cylinder is connected
to the brake cylinders ("slave cylinders") at each wheel by steel brake lines and
flexible rubber hoses. The entire hydraulic system is filled with a special brake
fluid, which is forced through the system by the movement of the master cylinder
pistons. The front disc brakes use friction "pads" which are mounted in "calipers".
The pads are forced against machined surfaces of a rotating disc called the
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"rotor". The rear brakes are usually of the "drum" type. In these, the internal
expanding brake "shoes" are forced against the inside machined surface of a
rotating drum. In recent years, brakes have changed greatly in design. Disc
brakes, due to their lighter weight and better performance, are replacing drum
types on the rear wheels. Instead of linings which press outwards against the
inside of a drum, a disc attached to the axle is gripped from either side by friction
pads attached to the calipers. The greatest advantage of disc brakes is that they
are essentially "fade" free. That is, repeated application does not result in
excessively high temperatures developing in the linings and drums, lowering the
stopping power of the brake. Commonplace on newer cars are "anti-lock" brake
systems, (ABS) which prevent the completely stopping when the
brakes are applied in a pani & E_ﬂf .'Eﬁgﬂr* hese advances are, the
basic process of converti # Jehitle'ssmomenitiv wasted) heat has not
changed since the day$'® el?""#” ‘

pull on a lever w ﬂ," -'F"II'.r 16 But - dvent of brake-

charging electric 'iuf atia e possibility of
o

recapturing this steac
cars, when youlsts ake th 1 ,
stores the ca
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Parking Brake

The parking brake is a brake system used to hold one or more brakes
continuously in applied position. The parking brake employs the regular drum
brakes on the rear wheel. Instead of hydraulic pressure, however, a simple
mechanical linkage is used to engage the brake shoes. When the parking-brake
pedal is depressed (or, in some cars, a hand lever is raised), a steel cable pulls
taut a tension lever; other cables draw the brake shoes firmly against the drums.
The release knob slackens the cables and disengages the brake shoes. The
parking brake is self-adjusting. An automatic adjuster in the piston moves on the
thrust screw to compensate for lining wear.
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Braking Systems

Brake Lineg

Brake lines st and

master

cylinder énd ' f : and into
the wheel (o 'L',! Tt" i I ﬂ b pon.this ':'ﬂ- L'éauses the

solidly mounted to the flrew : e multlplylng lever. If the
power assist fails, the pedal's Ieverage IS e3|gned to allow the driver to still
generate thousands of pounds of pressure at each wheel cylinder. Attached to
the piston within the master cylinder via a pushrod, the brake pedal is a most
important item indeed, unless you're a crash dummy!

When the brake pedal is pressed, the brake shoes and friction pads are forced
into contact with the brake drums and rotors to slow the rotation of the wheels.
The friction between the tires and the road surface then slows the speed of the
vehicle. A brake pedal should not sink more than an inch or two, no matter how
hard it is pressed with the foot; and the driver should not feel as if he were
stepping on a wet sponge: a spongy pedal spells trouble in the braking system.
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ANY change in the “feel" of your brake pedal should be a cause for serious
concern. With brakes, there is NO excuse for poor maintenance.

Brake Booster

A booster is a mechanical or vacuum device that is attached to the master
cylinder in power brake systems. The function of the brake booster is to increase
the power and effectiveness of brake systems. Vacuum boosters tap into the
vacuum created by the engine, and use this to assist braking. In some systems,
the booster is connected to the power steering system. In this case, the power
steering pump supplies pressurized fluid to the booster cylinder.

All boosters are designed to gs Kirg ffarc .F" pedal, not to provide all
of the braking force. This 3 a safe : pase the engine quits,

cutting off the booste ectrical motors to
generate their powgl:) hout the engine
running.

Master Cyling
q':

chamber i (IR i ch e h NoLG q L.

brakes separate
other system will §

emissions control system. Most air conditioning systems have vacuum motors to
open and close the doors on the air conditioning ducts. A vacuum motor is just a
small diaphragm with connecting rods to activate the valves of the system. They
have the advantages of simplicity and quietness.

Intake Manifolds



An intake manifold is a system of passages, which conduct the fuel mixture from
the carburetor to the intake valves of the engine. Manifold design has much to do
with the efficient operation of an engine.

For smooth and even operation, the fuel charge taken into each cylinder should
be of the same strength and quality. Distribution of the fuel should, therefore, be

as even as possible. This depends greatly upon the design of the intake manifold.

Dry fuel vapor is an ideal form of fuel charge, but present-day fuel prevents this
unless the mixture is subjected to high temperature. If the fuel charge is heated
too highly, the power of the engine is reduced because the heat expands the fuel
charge. Therefore, it is better to have some of the fuel deposited on the walls of

the cylinders and manifold ven englnes are designed so
that the amount of fuel cg ' 3ld. walls is reduced to a
minimum. In a V-8 engifie ; een the cylinder

heads. The L-head g ( block, and the |-
head manifold is G

Brake Caliper
The brake caligg dig . ic wheel
cylinder(s). S iver the

torsional forg

Single pistd ..‘. on the
front wheel ﬂ& hh 2 E RE piston
calipers, the . : ply both
friction pad ed ar's piston

seals are desit !E’:hq{j[DQFEE ollghtly

contact the rot [
actuating the 2 ere is no

to slow the vehicle. The rotorugften Jas'a, SEres, afsvents, which allow it to be
cooled by outside air.

The surfaces of the rotor are "turned" (machined) when the brake pads are

replaced, in order to remove the "glazed" surface, which forms with extended use.

The turning process also "trues" the disc, which eliminates the pulsations
experienced when the rotor is warped. Warped rotors give a slight tugging when
the brakes are applied. If the rotor has been turned several times, it may become
too thin to resurface, and require replacement. Semi metallic pads give good
performance, longer replacement intervals and reduced "fade", but they also
wear down the rotor more quickly than organic (non-metallic) pads.

Brake Hoses
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The master cylinder is connected to each wheel by brake lines and hoses. Brake
hoses are specially constructed flexible tubes with metal ends for transmitting
fluid under extreme pressure. The entire hydraulic system is filled with a special
brake fluid, which is forced through the hoses by the movement of the master
cylinder's pistons. If they appear cracked or brittle, the hoses should be replaced
immediately. Close inspection of the brake hoses is a good way to prevent
catastrophe!

Aero Dynamic Body
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Spoiler

A spoiler is a kind of wing that is mounted on the rear of the car in a horizontal
position. Its function is to provide high speed stability. For most cars, the spoiler
is purely cosmetic; a car has to be going over 100 mph to take advantage of the
aerodynamics of the spoiler. Some mini-vans also make use of a spoiler, but it's
upside down, and angled. The purpose of this type of spoiler is simply to keep
the rain off the rear window.

Heat Transfer
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When air passes over an object, it can accumulate heat energy or deposit heat
on the object. This is thermal convection in action. The radiator is designed to
transfer the coolant's heat energy to the air. As air passes through the radiator,
the heat in the coolant actually passes through the metal and is absorbed by the
air. When the air reaches the far side of the radiator, it is at a greater temperature
and the coolant is at a lower temperature because it dissipated its heat into the
air. The same principle is at work within the transmission cooler of a radiator, if
the car has an automatic transmission. The transmission fluid flowing through the
cooler gives off it's heat to the coolant within the radiator, which then gives off it's
heat to the air flowing through the radiator. Disc brakes and various other parts
which need cooling dissipate heat dire intg_the air W|thout using water. Some
types of cars, such as Volksyagefis, ise a ’i" Jj H gines. These eliminate the

need for water by having gh the use of cast fins
These allow the air tQEBESS ¥ e_engine and thus
transfer heat direc ,-_-';"-1- ‘ vels h -- , the air that
passes through _5.1. 5 ) f the engine
compartment, Q : ) J what are

Radiator
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radiator cap special is that it is desig old the coolant in your radiator under
a predetermined amount of pressure. If the coolant was not kept under pressure,
it would start to boil, and soon you would have boiled all of your coolant away.
However, the radiator (or pressure) cap prevents this from happening by exerting
enough pressure to keep the coolant from boiling. Normally, water (coolant) boils
at 212 degrees F, but if the pressure is increased, the boiling temperature is also
increased. Since the boiling point goes up when the pressure goes up, the
coolant can be safely heated to a temperature above 212 degrees F without
boiling. What makes this important is that the higher the temperature of the
coolant is, the greater the temperature gap between it and the air temperature is.
This is the principle that causes the cooling system to work; the hotter the coolant
is, the faster the heat in it moves to the radiator and the air passing by. So, a
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cooling system under pressure takes heat away from the engine faster, which
makes it more efficient. If your cooling system is under too much pressure, it can
"blow its top"! To prevent this, the radiator cap has a pressure relief valve. The
valve has a preset rating that allows it to take just up to a certain amount of
pressure. When you turn the cap on the filler neck of the radiator, you seal the
upper and lower sealing surfaces of the filler neck. The pressure relief valve
spring is compressed against the lower seal when you lock the cap. The radiator
filler neck has an overflow tube right between the two sealing surfaces. If the
pressure in the cooling system exceeds the preset rating of your cap, its pressure
relief valve allows the lower seal to be lifted from its seat. Then the excess
pressure (coolant, air) can squish throughgthe overflow tube to the ground or the
coolant reservoir. Once eno C iﬂﬂlrﬂ'l,_; s eased (the caps preset

rating), the pressure relig agaifeelesed DY ri ing. The pressure cap
can be tested with a_g _'E" *"".‘( h'""rh *
certain that it is livig l}’;}" ) ed if |t fails the
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storage space for the coolant when it expands and is called the expansion, or
overflow tank. It is also known as the coolant reservoir, or overflow canister. As
the engine heats up, the coolant inside it expands. Without the expansion tank,
the coolant would flow out of the overflow tube and be lost from the cooling
system onto the street. Instead, the coolant flows into the expansion tank. Since
a vacuum is created in the cooling system when the engine cools, the vacuum
causes some of the coolant in the expansion tube to be sucked back into the
system. Because a cooling system with an expansion tank is virtually a closed
system, the coolant can flow between the system and the expansion tank as it
expands and contracts. This way, no coolant is lost if the system is functioning
properly. Another function of the expansion tank is to remove air bubbles from
the cooling system. Coolant without air-bubbles is much more efficient than
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coolant with air bubbles, because it absorbs heat much faster. The advantage of
the expansion tank is that while the level of coolant contained in it rises and falls,
the radiator is always full. Older cars can easily be fitted with expansion tanks,
simply by mounting the tank near the radiator, connecting it to the overflow tube,
and replacing the radiator cap.
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Mechanical Fuel Pump

The mechanical fuel pump differs in that it has a vacuum booster section. The
vacuum section is operated by the fuel pump arm; otherwise, it has nothing to do
with the fuel system. During the suction (or first) stroke, the rotation of the
eccentric on the camshaft puts the pump operating arm into motion, pulling the
lever and diaphragm down against the pressure of the diaphragm spring and
producing suction (vacuum) in the pump chamber. The suction will hold the outlet
valve closed and pull the inlet valve open, causing fuel to flow through the filter
screen and down through the inlet valve of the pump chamber. During the return
stroke, the diaphragm is forced up by the diaphragm spring, the inlet valve closes
and the outlet valve opens to allow fuel to flow through the outlet to the
carburetor. The operating lever is hinged to the pump arm, so that it can move
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down but cannot be raised by the pump arm. The pump arm spring forces the
arm to follow the cam without moving the lever. The lever can only be moved
upward by the diaphragm spring. This process causes fuel to be delivered to the
carburetor only when the fuel pressure in the outlet is less than the pressure
maintained by the diaphragm spring. This happens when the passage of fuel
from the pump into the carburetor float chamber is open and the float needle is
not seated.

Steering Systems

The manual steering system incorporates 1. steering wheel and column, 2. a
manual gearbox and pitman arm : alel._pinion assembly, 3. Imkages

steering gear g S , @hg gears in
current use. T / 5'" rers. The
"recirculating i acthas a teflihg thread
between the msh: 2ar once

popular in i
the "worm
gear." The
and a ran been

developed. are Now

to the rear as

were invented, ) be impaled

by the steering s provide the
driver with a tolerable pa Ct wheel with his
chest. At that point i i/ep the load on the
driver's chest to a tolerable at load to give a "ride-
down" for the driver. Several™@ presented in providing this

system. One major problem is that collapse of the column due to the frontal crush
of the car should not hinder its performance for providing ride-down for the
driver's chest. The system must also be so designed that under crash conditions,
the wheel stays in such a position that it will strike the driver's chest and not
move upwards into the region of his face, or downwards into his abdomen.

Oil Filler Cap

The oil filler cap is a plastic or metal cap that covers an opening into the valve
cover. It allows you to add oil when the dipstick indicates that you need it. Some
cars have the crankcase vented through the filler cap. Oil which is added through
the filler passes down through openings in the head into the oil sump at the
bottom of the engine.
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Valve Cover

The valve cover covers the valve train. The valve train consists of rocker arms,
valve springs, push rods, lifters and cam (in an overhead cam engine). The valve
cover can be removed to adjust the valves. Oil is pumped up through the
pushrods and dispersed underneath the valve cover, which keeps the rocker
arms lubricated. Holes are located in various places in the engine head so that
the oil recirculates back down to the oil pan. For this reason, the valve cover
must be oil-tight; it is often the source of oil leaks. The valve cover is often
distorted on older cars, because at some point the valve cover screws were over-
tightened, bending the valve cover. This happens because the valve cover is
made of very thin sheet mets dcann ithstand the force of an over-

gasket and put the va . When the valve
cover and cylinder hg@dygor I siiflat. If it rocks, it
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Spark Plug Wires

The spark plug wire carries 20,000 or more volts from the distributor cap to the
spark plug. Spark plug wires are made of various layers of materials. The fiber
core, inside the spark plug wire carries the high voltage. The older design of
spark plug wires used a metallic wire to carry the high voltage. This caused
electrical interference with the radio and TV reception. Some spark plug wires
have a locking connection at the distributor cap. The distributor cap must first be
removed and the terminals be squeezed together, and then the spark plug wire
can be removed from the distributor cap. To reduce interference with radio and
TV reception, ignition systems are provided with resistance in the secondary
circuit. Resistor spark plugs or special resistor type ignition cable may be used.
To work effectively in modern ignition systems, it is important that the resistor
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ignition cable is capable of producing a specifically designed resistance. The
cable must also have enough insulation so that it can withstand heat, cold,
moisture, oil, grease, and chafing. High tension electricity passing through a
cable builds up a surrounding electrical field. The electrical field frees oxygen in
the surrounding air to form ozone, which will attach to the rubber insulation if it is
not properly protected. Ozone causes the rubber to deteriorate and lose its
insulating qualities. Electrical losses will seriously weaken the spark at the plug

gap.

Filler Cap (Brake Fluid Reservoir Cover)
The cap on the brake fluid reservai

The transmissi Tt ffansmission.

The purpose of-the | is in the
transmission F'FAE . 5 into the
transmissio : can see
whether yo -

level of fluic W~
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hole's level i¢ ;

PF i element is
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4 .H 4-.9"" s each side of the
fiber, rust resistant wire BT ﬂruw s : ghgth. The fine mesh
located on the inner screen alsglac SIS 1z Afesier in case of backfire. The
. | S o B ack ;
fiber passes air through the filter OW res on, but any dust or dirt in the air
is deposited on the pleated outer surface. The filter fiber is flame proof and keeps
its filtering efficiency under normal concentrations of gasoline vapors, engine oil
and water vapor, but should be changed at normal lubrication periods. Air filters
can be cleaned by blowing compressed air back through the filter, but the danger
exists that small holes can be created by excessive pressure. For this reason, it
is usually a good idea to simply replace the filter element. Some air filters are of
the washable variety, and can therefore be washed clean and re-used. A good
way to determine if your air filter is still OK is to look through the filter on a bright
day. If you can't see the sun through the filter, it needs replacement.

Fuel Filter



Clean fuel is important, because of the many small jets and passages in the
carburetor and openings in a fuel injector. To ensure this cleanliness, fuel filters
are installed in the fuel line. Fuel filters can be located at any point between the
fuel tank and the carburetor. One may be in the tank itself, in the fuel pump or in
the carburetor. The most common placement is between the fuel tank and a
mechanical fuel pump. In this case, the fuel enters a glass bowl and passes up
through the filter screen and out through an outlet. Any water or solid material
which is trapped by the filter will fall to the bottom of the glass bowl where it can
be easily seen and removed. Dirt particles usually come from scales of rust in the
tank cars, storage tanks or drums. Water comes from condensed moisture in the
fuel tanks.

The Thermostat

closed duringten / o prevents
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your engine, load ré
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the radiator, at least partially. This often occurs after an engine has overheated
for some other reason, such as when the water pump fails, or if a large coolant
leak develops. For this reason, car makers usually place the thermostat in an
accessible position. Depending on the air temperature, the engine should take
from five to fifteen minutes to warm up. If your engine takes a long time to warm
up, or if it always runs hot, you might need to test the thermostat. A
malfunctioning thermostat can cause excessive engine wear and waste fuel. A
good time to have your thermostat checked is just before summer or winter.

Cylinder Block and Crankcase

The engine cylinder block, or "block" is cast in one piece. Usually, this is the
largest and most intricate single piece of metal in the automobile. Even when the



cylinders, cylinder heads, or cylinder sleeves are separate pieces, the crankcase
is still the largest single part in the engine. Almost all of the engine parts are
attached to the crankcase, directly or indirectly. The crankcase houses the
crankshaft and often the camshaft as well. With the oil pan, which goes on the
lower surface of the crankcase, it forms an oil-tight housing in which the rotating
and reciprocating parts operate. The cylinder block is laced with coolant
passages, called the "water jacket". The cylinder block is usually made of high
grade cast iron with alloys to improve wear of the cylinders, but many are
aluminum. Plastic blocks have been developed but are not yet used in production
cars. This major unit must be extremely strong and rigid to avoid bending and
stretching. It also varies in thickne pd=does not always cool uniformly to
prevent warpage by internal &8s of the! o\
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prevents the recirculation of air around n. It is usually a plastic hood that
encloses the fan to guide the air through the core, and stop it from coming back
around and through the fan again. It also protects you from the fan blades!

Battery

The car's initial source of electricity is a battery, whose most important function is
to start the engine. Once the engine is running, an alternator takes over to supply
the car's electrical needs and to restore energy to the battery. A 12-volt storage
battery consists of layers of positively and negatively charged lead plates that,
together with their insulated separators, make up each of six two-volt cells. The
cells are filled with an electricity-conducting liquid (electrolyte) that is usually two-
thirds distilled water and one-third sulfuric acid. Spaces between the immersed
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plates provide the most exposure to the electrolyte. The interaction of the plates
and the electrolyte produces chemical energy that becomes electricity when a
circuit is formed between the negative and positive battery terminals.

Windshield Washers

All cars use an electric pump-operated windshield washer with a positive
displacement washer pump. On some, the motor is placed in the washer
reservoir, while on others, it is driven by a wiper motor. When the pump is
attached to the wiper motor, the four lobe cam starts a spring-loaded follower, but
the pump does not operate all the tlme that the wiper motor is running. This is
because the pumping mechanism and pumping action occurs. A

wheel, which begins to be of the cam starts
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Fuel Filler Cap

Although all of us know how to use the fuel filler cap, it is actually more
complicated than it looks. Inside the fuel filler cap is a pressure release valve.
This allows it to vent the fumes in the gas tank if they build up to predetermined
levels. Until the fumes reach these levels, they are shunted through the charcoal
canister which collects the fuel from the air before the air escapes. When the
fumes build up above the predetermined (differing from car to car) threshold level

of the fuel filler cap's pressure release valve, they are vented into the atmosphere.

The fuel filler cap has a rubber flange around the neck. This flange should be
inspected for cracks or inflexibility. If the flange does become cracked or
inflexible, it should be replaced to keep the environment clean.
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Fuel Tank Filler Neck

The fuel tank filler neck is a long tube that goes down to the center of the gas
tank. It is also equipped with vapor return lines. Some filling stations collect the
fuel vapor as you fill your car.

Fuel Tank

All modern fuel systems are fed through a pump, so the fuel tank is usually at the
rear of the chassis under the trunk compartment. Some vehicles have a rear
engine with the tank in the forward compartment. The fuel tank stores the excess
fuel until it is needed for operation of the ve icIe The fueI tank has an inlet pipe

be located in the top or ig nd is about one-half
inch above the botto ill not be flushed
out into the carbure lug so that tank
may be drained g placed higher
than the engine nglne This
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Fuel Systems

Gas Pedal

The gas, or accelerator, pedal is connected to the throttle valve by the throttle
cable, or linkage. Pressing on the pedal causes the linkage to open the throttle
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valve, and thereby increase engine speed. A return spring on the throttle valve
returns the pedal to its normal position when foot pressure pedal is released.
Throttle Linkages

The throttle cable, or linkage, controls the throttle valve by connecting it to the
accelerator pedal. Pressing on the pedal causes the linkage to open the throttle
plate and the choke plate. This causes air to rush through the barrel.

Throttle Valve

All gasoline engines have a throttle valve to control the volume of intake air. The

amount of fuel and air that gog ion chamber regulates the
engine speed and, therefg e valve is linked to the
accelerator (gas pedal hat usually consists
of a disc mounted 0 r it has the same

diameter as the 5 ‘ tearburetor, the
throttle valve is " Blween the jet

2| vapor
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cold and running.a air cleaner
limited by the cl@

nozzle. This vacu 1re ozzle from the
full float bowl, whose edle valve. More
fuel is provided when t 2 eratlon The pedal
linkage opens the throttIe pla end air rushing through
the barrel. The linkage also depreSs erator pump, providing added

gasoline through the accelerator-circuit nozzle As air passes through the narrow
center of the barrel, called the "venturi", it produces suction that draws spray
from the cruising-circuit nozzle. The float-bowl level drops and causes the float to
tip and the needle valve to open the fuel line. To cause a liquid to flow, there
must be a high pressure area (which in this case is atmospheric pressure) and a
low pressure area. Low pressure is less than atmospheric pressure. The average
person refers to a low pressure area as a vacuum. Since the atmospheric
pressure is already present, a low pressure area can be created by air or liquid
flowing through a venturi. The downward motion of the piston also creates a low
pressure area, so air and gasoline are drawn through the carburetor and into the
engine by suction created as the piston moves down, creating a partial vacuum
in the cylinder. Differences between low pressure within the cylinder and



atmospheric pressure outside of the carburetor causes air and fuel to flow into
the cylinder from the carburetor.

Fuel Filter

Clean fuel is important, because of the many small jets and passages in the
carburetor and openings in a fuel injector. To ensure this cleanliness, fuel filters
are installed in the fuel line. Fuel filters can be located at any point between the
fuel tank and the carburetor. One may be in the tank itself, in the fuel pump or in
the carburetor. The most common placement is between the fuel tank and a
mechanical fuel pump. In this case, the fuel enters a glass bowl and passes up
through the filter screen and ou Any water or solid materlal
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Valve Ports

Valve ports are openings in the cylinder head. Intake ports let the fuel mixture
into the cylinder head, and exhaust ports let the exhaust out.

Fuel Lines

Fuel lines, which connect all the units of the fuel system, are usually made of
rolled steel or, sometimes, of drawn copper. Steel tubing, when used for fuel
lines, is generally rust proofed by being copper or zinc plated. Fuel lines are
placed as far away from exhaust pipes, mufflers, and manifolds as possible, so
that excessive heat will not cause vapor lock. They are attached to the frame, the
engine, and other units in such a way that the effect of vibration is minimal, and
so that they are free of contact with sharp edges which might cause wear. In
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areas where there is a lot of movement, as between the car's frame and rubber-
mounted engine, short lengths of gasoline resistant flexible tubing are used.

Mechanical Fuel Pump

The mechanical fuel pump differs in that it has a vacuum booster section. The
vacuum section is operated by the fuel pump arm; otherwise, it has nothing to do
with the fuel system. During the suction (or first) stroke, the rotation of the
eccentric on the camshaft puts the pump operating arm into motion, pulling the
lever and diaphragm down against the pressure of the diaphragm spring and
producing suction (vacuum) in the pump chamber. The suction will hold the outlet
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valve closed and pull the inlet valve open, causing fuel to flow through the filter
screen and down through the inlet valve of the pump chamber. During the return
stroke, the diaphragm is forced up by the diaphragm spring, the inlet valve closes
and the outlet valve opens to allow fuel to flow through the outlet to the
carburetor. The operating lever is hinged to the pump arm, so that it can move
down but cannot be raised by the pump arm. The pump arm spring forces the
arm to follow the cam without moving the lever. The lever can only be moved
upward by the diaphragm spring. This process causes fuel to be delivered to the
carburetor only When the fuel pressure in the outlet is less than the pressure

not seated.

Fuel Vapor Canig
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SW|tch gears |n order to mov : Rge 10f . Speeds. Unlike your bicycle, the
up. (WeII you could push it
backwards if you ate your Wheaties) There are actually two sets of gears in the
drive train; the transmission and the differential. The transmission allows the gear
ratio to be adjusted, and the differential lets the drive wheels turn at different
speeds. Manual transmissions usually have four or five speeds, and often have
"overdrive", which means that the output shaft can turn faster than the input shaft
for fuel economy on the highway. Some use an electric clutch and a switch that
controls whether the overdrive is engaged or not. An interesting development on
a few cars is the "clutchless" manual transmission, which uses a stick shift and
an automatic electric clutch. Speed and position sensors, mini computers, and
throttle controls keep the engine from over-revving when the driver shifts gears.
As with many automotive "inventions”, this is an old idea which may now reach
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feasibility due to the computer revolution. Automatic transmissions commonly
use three forward gears to blend speed and torque. In the case of a three-speed

transmission, first gear delivers maximum torque and minimum speed for starting.

Second gear offers medium torque and speed for acceleration and hill climbing.
Third gear allows maximum speed with minimum torque for highway travel. A
reverse gear permits backward movement. A transmission is a speed and power
changing device installed at some point between the engine and driving wheels
of a vehicle. It provides a means for changing the ratio between engine RPM
(Revolutions Per Minute) and driving wheel RPM to best meet each particular
driving situation. Some types of drlve train layouts use a "Transaxle", which is
simply a combination of the transmissi he differential. These are usually
found on front wheel drive carsgilit e p1S0uSE@*gMmid- and rear-engine cars.

Some exotic cars have the X D thesfiont,.a r diisaxle in the rear of the
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Drive Wheel/Axle

The drive wheel is the end of the axle shaft; it has lugs protruding from it. The
lugs are separate pieces that are mounted in the drive wheel. The drive wheel
bolts onto the brake drum and the wheel rim of the car itself. It is usually a disc
about six or seven inches in diameter. Occasionally the drive wheel and the axle
shaft are all one piece.
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difference in the length of the paths they take. The differential is located between
the two wheels, and is attached to each wheel by a half-shaft rotated through a
bevel gear. Four-wheel drive cars have a separate differential for each pair of
wheels. A grooved, or splined, axle side gear is positioned on the splined end of
each axle. The side gears are driven by "spider" gears, which are little gears
mounted on a shaft attached to the differential case. As it is supported by the
differential case, the side gear can turn inside the case. The differential case can
be turned, revolving around the axle gears. The differential pinion (a pinion is a
small gear that either drives a larger gear or is driven by one) shaft turns the ring
gear, which is fastened to the differential case. The propeller shaft (drive shaft)
connects the transmission output shaft to the differential pinion shaft. The turning
differential case is mounted on two large bearing holders. These bearings are



called carrier bearings. The propeller shaft rotates the ring gear pinion, and the
pinion turns the ring gear. The ring gear then turns the differential case and
pinion shaft, but the axle side gears will not turn. By passing the differential
pinion shaft through two differential pinion gears that mesh with the side gears,
the case will turn and the axle side gears will turn with it. During turns, the side
gears turn at rates dictated by the radius of the turns, and the spider gears then
turn to allow the outer wheel to turn faster than the inner one.

The Universal Joint (U-joint)

The Universal joint (U-joint) is used to connect the drive shaft to the transmission
output shaft and the dlfferentlal of haft. This joint must be flexible

and down. Smaller U . - )tien of the steering
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the same direction. The movement of the speed cup is slowed and held steady
by a hairspring attached to the spindle of the speed cup. The speed cup comes
to rest where the magnetic drag is just balanced by the retarding force created by
the hairspring. The hairspring also pulls the pointer of the instrument back to zero
when the magnet stops rotating. As the speed of the magnet increases, due to
movement of the car, the magnet drag on the speed cup increases and pulls the
speed cup further around. In that way, a faster speed is indicated by the pointer
on the face of the dial. The magnetic field is constant, and the amount of
movement of the speed cup is always proportional to the speed at which the
magnet is being rotated.

Gear Shift Mechanism
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What causes the transmission to shift? It's shifted by shifter forks, also known as
sliding yokes. These resemble the oarlocks you find in a row boat. and they ride
in a groove in the clutch sleeve and sliding gear. Shifter forks are connected to a
cam and shaft assembly. The cam assembly is kept in the selected gear by
spring loaded steel balls that jump through notches (in the cam assembly) and
hold the shifter forks in that gear. The shafts (of the cam and shaft assembly) go
through the housing and are fastened to shift levers. The shifter forks move the
synchronizers which engage the gears to the shafts they ride on. The shift levers
are connected to a control on the steering column or a shift stick located on the
floor. Both of these are powered by -- you!

The speedometer ca the
transmission shaft, o used to measure
the speed and r l' ugh the cable
where it is recorg pdometer are
driven by a cab U L J‘ 0 agearin
the transmis > . ‘ lack of

lubrication, ot ; alse. hreaks. from too
much frictio

The Clutc 5 anc : -

One way to ﬁj& R ﬁ : i-%ﬁﬁ% eMof levers
and cables. - ‘ ble stad DAnecied#betwec E h pedal
and the thrd i olli. foot, the

pressure is t dﬂchnctﬂngr_ﬂ'_,y

Manual Trans

The manual tran§ *’ hip between
the speed of the e se gear ratios
allows the right ama@ speeds. Manual
transmissions require u nglne torque to the
transmission input shaft Th en gradually that SO that

not disengage any of the forward drive gears, they are simply connected to their
shafts through the use of "synchronizers". Reverse is achieved through reverse
idler gears, which are engaged to move the car backwards. Some manual
transmissions have an "overdrive." An overdrive is a mechanical unit bolted to
the rear of the transmission. It is usually known as fifth gear. When you use it, it
will reduce the engine speed by about one-third, while maintaining the same road
speed. Chrysler came out with the first overdrive transmission in 1934.

The Clutch Pedal, Cablesand Levers

One way to activate the throw-out fork of the clutch is by using a system of levers
and cables. These levers and cables are connected between the clutch pedal
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and the throw-out fork. When you press the clutch pedal with your foot, the
pressure is transmitted to the fork through the cable and lever arrangement.

Clutch Bell Housing

The clutch bell housing is a stamped or cast metal part which houses the clutch
and connects the transmission housing to the back of the engine. The clutch bell
housing has a pivot point mounted to it where the clutch throw-out bearing lever
arm is mounted.

The Clutch Plate

The clutch plate is a thin, steel
|nput shaft by a grooved pig "

. L‘-f ﬂ h'i # !.'r nected to the transmission

§ie Bsis covered with material
F?"' WS ch to slip smoothly

The Air Co

Not only do
depend on D aler to keep

system has t@ dealf\ REi s SoEta eggine from
friction and t - Bijjove about
6,000 BTU of ; B d to heat a

large home in co an be put to
the useful purposeie ' ) dnvmg much
more comfortable ARghC ‘ 3 oner cleans and
dehumidifies (removes € i€ring your car. It also

_ ki pmimetd =1 _
has the task of keeping the B ot “-I:F “I.'i--ﬁ‘-' pil Select. These are all big
jobs. How do our cars keep our nent" the way we like it? Most
people think the air conditioning system's job is to add "cold" air to the interior of
the car. Actually, there is no such thing as "cold," just an absence of heat, or less
heat than our bodies are comfortable with. The job of the air conditioning system
is really to "remove” the heat that makes us uncomfortable, and return the air to
the car's interior in a "un-heated" condition. Air conditioning, or cooling, is really a
process of removing heat from an object (like air). A compressor circulates a
liquid refrigerant called Refrigerant-12 (we tend to call it "Freon," a trade name,
the way we call copy machines "Xerox" machines). The compressor moves the
Refrigerant-12 from an evaporator, through a condenser and expansion valve,
right back to the evaporator. The evaporator is right in front of a fan that pulls the
hot, humid air out of the car's interior. The refrigerant makes the hot air's
moisture condense into drops of water, removing the heat from the air. Once the
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water is removed, the "cool" air is sent back into the car's interior. Aaaaaah!
Much better. Sometimes we worry when we catch our car making a water puddle
on the ground, but are relieved to discover that it's only water dripping from the
air conditioning system's condenser (no color, no smell, and it dries!). Note:
Refrigerant-12 is extremely dangerous. Many special precautions must be taken
when it is present. It can freeze whatever it contacts (including your eyes), it is
heavier than air and can suffocate you, and it produces a poisonous gas when it
comes in contact with an open flame.

Defroster Want

7 / /— Passenger Air Intake
Blower Motor —Vent
Ewvaporator

Expansion Valve |

Blower Housing

vy,

Low Pressure Line > . e U] H“‘*%a\
High pressure Line—__

Recewer—Dryer_x

— Compressor
ondenser —

Compressor Clutch

AC / Heat Systems

small electric fan is also mounted there espeually for the purpose of directing the
heat inside the car. To turn this fan on, you use a switch called "fan" or "blower,"
located on your control panel. The principle is exactly the same as the one used
in the radiator for your engine, except that the heat is released inside the car
instead of outside. Most engines use the heater core to warm the air coming from
the air conditioner if the dash setting is not on "cold". More efficient designs don't
do this because it makes the engine work harder than it has to. They cycle the
compressor on and off to lessen the cooling output. If your car is running hot,
turning the heater on will help to reduce the heat in the engine. Unfortunately,
most cars don't overheat in the winter.

Heater/AC Blower Motor
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The blower motor is the motor that turns the electric fan in an air conditioning or
heating system.

The Evaporator

The evaporator is a long tube, or coil, that goes back and forth through a
multitude of cooling fins. It is quite similar to the condenser in structure. The
refrigerant is a liquid when it enters the evaporator. A fan blows warm air over the
evaporator. The warm air causes the liquid refrigerant to boil. This means that it
absorbs the heat from the warm air. Once it has absorbed the heat from the
warm air, the warm air isn't warm anymore. The same blower that blows the
warm air (that is now "cool" air) oue , keeps on blowing it into the
interior of your car, and ﬂ\ﬂ' F 'ﬂ?“h" [L-. ig! The evaporator also
removes the moisture frg _“._u . its-fins“and turns it into water.

degrees F to O dg o : deg hesmoisture that's
supposed to dr' - (surprise!)

evaporator,
evaporator
amount of
maintains th : ; gfficiency
’! arts, the

expansion valye _E‘

the low pressure refrigerant from the evaporator in through the low pressure line
in order to compress it.

High Pressure Line

The high pressure line is a hose, or tube containing refrigerant that connects the
air conditioning system's compressor to the condenser. The compressor forces
the compressed refrigerant into the condenser through the high pressure line.

The Compressor

The compressor used to air condition your car works in a similar way to the one
in the refrigerator in your kitchen. The job of the compressor is to move liquid
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refrigerant around in a pipe. The compressor pumps, or forces, the liquid from
the evaporator into a condenser and expansion valve, and then back to the
evaporator. There are three common types of compressors: Two cylinder
reciprocating piston type Four cylinder RADIAL type Six cylinder AXIAL type The
engine drives the compressor with a belt. In action, the compressor takes the low
pressure refrigerant from the evaporator and compresses it according to speed
and air temperature. The inlet side is known as the low (pressure) side and the
outlet side is known as the high (pressure) side. The compressor compresses the
refrigerant, and raises its temperature higher than that of the surrounding air.
Then, the compressor forces the refrigerant into the condenser.

Compressor Clutch

The air conditioning comp

t ) d— ays turns when
the engine is runn' C -_,J- ey is engaged
to the compres : : ated,

through the eleg tue plate. The

[
pulley. This I (
drives the ¢

away from agnetism is
transmitted nd hub
assembly aredias ing the
compressor,

mounted in front of the radiator to take advantage of the forced air provided by
the fan and the motion of the car. As the highly pressurized refrigerant (vapor)
flows into the condenser, it gives off heat and warms the condenser. This causes
the condenser to be hotter than the forced air coming through the condenser.
The condenser hands its heat off to the forced air and turns the refrigerant back
into cool liquid in the expansion valve, where it heads back to the evaporator.

Engine Systems

The Engine System (An Overview)
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The internal combustion engine burns fuel within the cylinders and converts the
expanding force of the combustion or "explosion” into rotary force used to propel
the vehicle. There are several types of internal combustion engines: two and four
cycle reciprocating piston engines, gas turbines, free piston, and rotary
combustion engines. The four cycle reciprocating engine has been refined to
such a degree that it has almost complete dominance in the automotive field. The
engine is the heart of the automobile. It converts fuel into the energy that powers
the automobile. To operate, it requires clean air for the fuel, water for cooling,
electricity (which it generates) for igniting the fuel, and oil for lubrication. A battery
and electric starter get it going. Charles and Frank Duryea built the first American
automobile in 1892. In the winter of ey produced 13 Duryeas, which
became the first horseless cags _
In 1900, at the first Ng 1 York City, visitors
overwhelmingly chosegitl : gasoline engine
o 2 unreliable, and
"ﬁ.'.f- s." He went

the typical ¥ hin the
cylinder (t
"crankshaft"

Intake “alve Port

Carburetoe Mount

Intake Manifold

Intake Crossover Tube

Right Cylinder Head

Timing Chain Cover “alve Cover

Hartmonic Balancer il Filler cap

Crankshaft Pulley il Pan

Engine Block il Filter

Left Cylinder Head

Engine Systems
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Valve Ports

Valve ports are openings in the cylinder head. Intake ports let the fuel mixture
into the cylinder head, and exhaust ports let the exhaust out.

Carburetor

The purpose of the carburetor is to supply and meter the mixture of fuel vapor
and air in relation to the load and speed of the engine. Because of engine
temperature, speed, and load, perfect carburetion is very hard to obtain. The
carburetor supplies a small amount of a very rich fuel mixture when the engine is
cold and running at idle. With the throttle plate closed and air from the air cleaner
limited by the closed choke ﬁ_q 3 !_,r[g 10 mpI|f|ed at the idle-circuit
. By
nozzle. This vacuum dra #F(:uhln-%l Bugh the nozzle from the

tip and the
must be a
low pressur
person refe
pressure is
flowing thro ; ISt DiCieates a low
pressure areé

, there

engine by su | vacuum
in the cylinde /linder and
atmospheric pres to flow into
the cylinder from t

Valve Cover

The valve cover covers the V consists of rocker arms

valve springs, push rods, lifters and Ca overhead cam engine). The valve
cover can be removed to adjust the valves. Oil is pumped up through the
pushrods and dispersed underneath the valve cover, which keeps the rocker
arms lubricated. Holes are located in various places in the engine head so that
the oil recirculates back down to the oil pan. For this reason, the valve cover
must be oil-tight; it is often the source of oil leaks. The valve cover is often
distorted on older cars, because at some point the valve cover screws were over-
tightened, bending the valve cover. This happens because the valve cover is
made of very thin sheet metal and cannot withstand the force of an over-
tightened bolt. One way to determine if your valve cover is bent is to remove the
gasket and put the valve cover back on to the cylinder head. When the valve
cover and cylinder head come into contact, the cover should sit flat. If it rocks, it
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is bent. Cast aluminum valve covers cannot be straightened, they need to be
replaced. Sheet metal valve covers can be straightened. A symptom of a bent or
leaking valve cover is a pinching of the valve cover gasket. This means that the
gasket is sealing one area and not sealing another area. This condition produces
a leak; oil could be leaking down the side of the engine. Some valve covers are
hard to access, because they are covered with other engine parts. Chronic valve
cover leakage can sometimes be fixed by using two gaskets glued together
instead of using just one.

Intake Manifolds

An intake manifold is a system of_p g onduct the fuel mixture from
the carburetor to the intake vai ‘“E-i".r“ d design has much to do
with the efficient operatig r 0 i"'iéi,i-' operation, the fuel
charge taken into ea€hs’e efstre gth and quality.
Distribution of the C ever H"‘: This depends

greatly upon the jJdesif - ][ glkideal form of

fuel charge, bu : gifSssubjected to
high temperat | 13{" he engine
| ' 1

Ll
s better to

have some @ a d vents.

on the intak s aeTTalingie 00 )
manifold is H 5, H ;
is bolted to 5 o ¢ b

head.

The head gasket sea
the cylinders as well.
A, on July 23, 1903.

Timing Chain/belt

The automobile engine uses a metal timing chain, or a flexible toothed timing belt
to rotate the camshaft. The timing chain/belt is driven by the crankshaft. The

timing chain, or timing belt is used to "time" the opening and closing of the valves.

The camshaft rotates once for every two rotations of the crankshatft.

Crankshaft

The crankshaft converts the up and down (reciprocating) motion of the pistons
into a turning (rotary) motion. It provides the turning motion for the wheels. It
works much like the pedals of a bicycle, converting up-down motion into
rotational motion. The crankshaft is usually either alloy steel or cast iron. The
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crankshatft is connected to the pistons by the connecting-rods. Some parts of the
shaft do not move up and down; they rotate in the stationary main bearings.
These parts are known as journals. There are usually three journals in a four
cylinder engine.

Cylinder Block and Crankcase

The engine cylinder block, or "block™" is cast in one piece. Usually, this is the
largest and most intricate single piece of metal in the automobile. Even when the
cylinders, cylinder heads, or cylinder sleeves are separate pieces, the crankcase
is still the largest single part in the englne AImost all of the engine parts are

attached to the crankcase, dire The crankcase houses the
crankshaft and often the cagr an, which goes on the
lower surface of the cra which the rotating
and reciprocating pg a ed with coolant
passages, called tf made of high
grade cast iron > _,_ t many are
aluminum. Pla 8cLah, production
cars. This ma e ding and

Harmonic

The harmo to the
crankshaft tQHIEss er gets
transmitted Sithe” brunt of
this power, S his Causes a
twisting motio " ,i‘ halfway
twisted shaft ough this
unwinding proce Q" prevent this

vibration, a harmo fala nkshaft that's

the front of the crankshatft, 2 st .the hee 'Ltﬂ Ot the damper, but ends

of the crank can't speed up as much with the damper attached; the force is used
to twist the rubber and speed up the damper wheel. This keeps the crankshaft
operation calm.

Valve Cover

The valve cover covers the valve train. The valve train consists of rocker arms,
valve springs, push rods, lifters and cam (in an overhead cam engine). The valve
cover can be removed to adjust the valves. Oil is pumped up through the
pushrods and dispersed underneath the valve cover, which keeps the rocker
arms lubricated. Holes are located in various places in the engine head so that
the oil recirculates back down to the oil pan. For this reason, the valve cover
must be oil-tight; it is often the source of oil leaks. The valve cover is often



distorted on older cars, because at some point the valve cover screws were over-
tightened, bending the valve cover. This happens because the valve cover is
made of very thin sheet metal and cannot withstand the force of an over-
tightened bolt. One way to determine if your valve cover is bent is to remove the
gasket and put the valve cover back on to the cylinder head. When the valve
cover and cylinder head come into contact, the cover should sit flat. If it rocks, it
is bent. Cast aluminum valve covers cannot be straightened, they need to be
replaced. Sheet metal valve covers can be straightened. A symptom of a bent or
leaking valve cover is a pinching of the valve cover gasket. This means that the
gasket is sealing one area and not sealing another area. This condition produces
a leak; oil could be leaking down the_sidegof.the engine. Some valve covers are
hard to access, because they.agefovetdd Withfo Rémengine parts. Chronic valve
cover leakage can somg e Tixeembymiisie askets glued together
instead of using just o
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Oil Filter

Oil filters are placed in the engine yStem to strain dirt and abrasive
materials out of the oil. The oil filter cannot remove things that dilute the oil, such
as gasoline and acids. Removing the solid material does help cut down on the
possibility of acids forming. Removing the "grit" reduces the wear on the engine
parts. Modern passenger car engines use the "full flow" type of oil filters. With
this type of filter, all of the oil passes through the filter before it reaches the
engine bearings. If a filter becomes clogged, a bypass valve allows oil to
continue to reach the bearings. The most common type of oil filter is a cartridge
type. Oil filters are disposable; at prescribed intervals, this filter is removed,
replaced and thrown away. Most states now require that oil filters be drained
completely before disposal, which adds to the cost of an oil change, but helps to
reduce pollution.
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Oil Pan

At the bottom of the crankcase is the container containing the lifeblood of the
engine. Usually constructed of thin steel, it collects the oil as it flows down from
the sides of the crankcase. The pan is shaped into a deeper section, where the
oil pump is located. At the bottom of the pan is the drain plug, which is used to
drain the oil. The plug is often made with a magnet in it, which collects metal
fragments from the oil.

Liquiefied Petroleum Gas (LPG-Natural Gas)

A mixture of gaseous petroleum com Inds principally butane and propane,
together with smaller quantitiesa€ 13 - ,j., wn as liquified petroleum
gas (LPG). LPG is used qf‘""d"_mm- nglnes mostly in the
truck and farm tractor 'g.. ]
of a mixture of comg

volatile. It is a vag af carburetor is
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were disadvantages, however. Elec eries were heavy, bulky, unreliable,
and needed recharging after a short run. In 1880, there was a general
improvement in the development of longer-lasting batteries. There still existed,
however, excessive weight and bulk of the batteries and a need for frequent
rechargings, although electric cabs appeared on the streets of London in the late
1800s. Steamers and electric vehicles gained only restricted acceptance on the
continent as well. In France, the electric had a shining, brief hour of public
acclaim when Camille Jenatzy, driving a Jeantaud electric, pushed the cigar-
shaped vehicle to a record of sixty miles per hour on April 29, 1899. The high-
speed run, however, burned out the specially fabricated batteries and the interest
in electrics died almost as soon as the cheers of the attending public. It was in
America that steamers and electric cars gained their most sustained measure of
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success. Eventually twenty different U.S. car companies would produce electrics;
and in the peak of popularity, 1912, nearly 35,000 were operating on American
roads. But even America could not shake the limitations of the bulky batteries
and the short ranges between recharging. Steamers were actually more popular.
More than 100 American plants were making steamers, the most famous of
which were the Stanley brothers factory in Newton, Massachusetts. The "Stanley
Steamer" had the affectionate nickname, "The Flying Teapot,” and with good
reason. In 1906, a Stanley Steamer was clocked at 127.6 miles per hour on the
sands of Ormond Beach, Florida. In spite of this, the steamers, along with the
electrics, ‘were only living on borrowed time. Experlments were belng made on an
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it ran out of : Sion of his
motorcar, and thg M : g, saying it
was a waste of i =i’ an Austrian
museum, was refurfa ( # 50. It reached a
top speed of ten mile ¢ l"h-. dgi L epoir and Marcus did
not have the grit and detesination. (0 Pt .11’-"':{ es, they made some
valuable contributions to the théd y-Of IAf 4 e m on engines. It would be

overstating the case to credit them™W ation of the internal-combustion

automobile, however.

Alcohol as a Fuel

The increasing cost of gasoline, and the new laws requiring alternative fuels have
turned the attention of car and truck designers to substitutes. Chief among
alternative fuels is alcohol. Considerable research has been done, and is still
carried out, for alcohol in spark ignition engines. Alcohol fuels were used
extensively in Germany during WWII, and alcohol blends are used in many
vehicles at the present time. Methanol and ethanol are the forms of alcohol
receiving the most attention. Both are made from non-petroleum products.
Methanol can be produced from coal, and ethanol can be made from farm
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products such as sugar cane, corn, and potatoes. Both alcohols have a higher
octane number than gasoline. High heat of vaporization, however, indicates that
the use of alcohol could give harder starting problems than gasoline, which
means a need for a larger fuel tank and larger jet sizes in the carburetor. It
requires less air for combustion, though, which compensates for the high calorific
values. In proportion, this could result in practically the same air-fuel ratio for all
three. Experimental tests have shown that alcohol-fueled spark ignition engines
can produce as much or slightly higher power than gasoline. Alcohol fuels have a
higher self-ignition temperature than gasoline, which rates them better from a
safety standpoint, but this same quallty bars them from use in a diesel engine
which depends on the heat of compre gnite the fuel. At the present tlme
only ethanol can be blendeg * sthed(; oploentraios
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Fuel Tank
Fuel Filler Tube

Thrattle “Walve
Fuel Filter

Intake Port
Gas Cap

Gas Pedal

\_ Throttle Cable

Carburetor

“apour Line
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Fuel Wapour Canister Intake Manifold

Fuel Systems

Fuel Tank

All modern f¢ illy at the
rear of the S S/ Mave a rear
engine with t esithe excess
fuel until it is ne [ inlet pipe
and an outlet pip .|!‘-- sgtion and may
be located in the about one-half
inch above the botto iill not be flushed
out into the carburetor. The Aln plug so that tank
may be drained and cleane cars was placed higher
than the engine. The idea was tha ) ow down to the engine. This

arrangement caused a problem when the car went uphill -- the gas flowed away
from the engine. Solution: drive up the hill backwards!

Gas Pedal

The gas, or accelerator, pedal is connected to the throttle valve by the throttle
cable, or linkage. Pressing on the pedal causes the linkage to open the throttle
valve, and thereby increase engine speed. A return spring on the throttle valve
returns the pedal to its normal position when foot pressure pedal is released.

Throttle Linkages
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The throttle cable, or linkage, controls the throttle valve by connecting it to the
accelerator pedal. Pressing on the pedal causes the linkage to open the throttle
plate and the choke plate. This causes air to rush through the barrel.

Throttle Valve

All gasoline engines have a throttle valve to control the volume of intake air. The
amount of fuel and air that goes into the combustion chamber regulates the
engine speed and, therefore, engine power. The throttle valve is linked to the
accelerator (gas pedal). The throttle va terfly valve that usually consists
of a disc mounted on a spln g g_'ﬂ i -' '[I ghtyReigcular, and it has the same
diameter as the main ai A e iaar DAL tiig,_In a carburetor, the
throttle valve is usua h -r""'.ﬁ.IJI : 3, between the jet

nozzle and the ig "' ' anected to the
accelerator in su e_f : valve opens
When the peda > JmeSyuse throttle

valves to reg
the injectors.

Carbureto
The purpost

and air in : engine
temperature,SSpecell SRdSe atk':T cticarbutetion JSen hand on ain. The
carburetor su s ' ienithel'engine is
cold and runnifig,. -'#— cleaner
limited by the - 2 idle-circuit

nozzle. This vacugs q,.-u bzzle from the

the barrel. The linkage also d ﬂg_;‘_: AC 1: : pump, providing added
gasoline through the accelerator-cir 7IETAs air passes through the narrow
center of the barrel, called the "venturi”, it produces suction that draws spray
from the cruising-circuit nozzle. The float-bow! level drops and causes the float to
tip and the needle valve to open the fuel line. To cause a liquid to flow, there
must be a high pressure area (which in this case is atmospheric pressure) and a
low pressure area. Low pressure is less than atmospheric pressure. The average
person refers to a low pressure area as a vacuum. Since the atmospheric
pressure is already present, a low pressure area can be created by air or liquid
flowing through a venturi. The downward motion of the piston also creates a low
pressure area, so air and gasoline are drawn through the carburetor and into the
engine by suction created as the piston moves down, creating a partial vacuum
in the cylinder. Differences between low pressure within the cylinder and
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atmospheric pressure outside of the carburetor causes air and fuel to flow into
the cylinder from the carburetor.

Valve Ports

Valve ports are openings in the cylinder head. Intake ports let the fuel mixture
into the cylinder head, and exhaust ports let the exhaust out.

The fuel vapor canister i to trap fuel from the
carburetor float bowl g e vacuum port in
the canister to pull ped fuel vapor.

Mechanical

The mechani S peester 'seetion. The
vacuum sec rat g to do
with the fugli8ys SUC ¢ of the
eccentric o ‘ M ) ling the

lever and d O\ ) SSUIrd ng and
producing s | : . Chalin 3¢ : D e outlet
valve closed 0 Jithe filter
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stroke, the dig £ ve closes
and the outle . f let to the
carburetor. The '§pélie } at'it can move
down but cannot 'B€  fais \5r g forces the
arm to follow the ca only be moved
upward by the diaphrae 3[%0"e delivered to the
carburetor only when the ss than the pressure

from the pump into the carburetor float chamber is open and the float needle is
not seated.

Fuel Lines

Fuel lines, which connect all the units of the fuel system, are usually made of
rolled steel or, sometimes, of drawn copper. Steel tubing, when used for fuel
lines, is generally rust proofed by being copper or zinc plated. Fuel lines are
placed as far away from exhaust pipes, mufflers, and manifolds as possible, so
that excessive heat will not cause vapor lock. They are attached to the frame, the
engine, and other units in such a way that the effect of vibration is minimal, and
so that they are free of contact with sharp edges which might cause wear. In
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areas where there is a lot of movement, as between the car's frame and rubber-
mounted engine, short lengths of gasoline resistant flexible tubing are used.

Intake Manifolds

An intake manifold is a system of passages which conduct the fuel mixture from
the carburetor to the intake valves of the engine. Manifold design has much to do
with the efficient operation of an engine. For smooth and even operation, the fuel
charge taken into each cylinder should be of the same strength and quality.
Distribution of the fuel should, therefore, be as even as possible. This depends
greatly upon the design of the intake manlfold Dry fuel vapor is an ideal form of
fuel charge, but present day fuel preve ple s the mixture is subjected to

engine

in. The
carburetor st e.engine is
cold and runfifg|d it o Shilteiclo Se8 Bie il ZakiThedalr cleaner
limited by thefelose it ,,i_"' dle-circuit

nozzle. This va ' e from the
[ ﬂ" valve. More

fuel is prowded on. The pedal
linkage opens the th¥atile rushing through
the barrel. The linkage @p, providing added
gasoline through the accel€ es through the narrow

from the cruising-circuit nozzle. The float-bow! level drops and causes the float to
tip and the needle valve to open the fuel line. To cause a liquid to flow, there
must be a high pressure area (which in this case is atmospheric pressure) and a
low pressure area. Low pressure is less than atmospheric pressure. The average
person refers to a low pressure area as a vacuum. Since the atmospheric
pressure is already present, a low pressure area can be created by air or liquid
flowing through a venturi. The downward motion of the piston also creates a low
pressure area, so air and gasoline are drawn through the carburetor and into the
engine by suction created as the piston moves down, creating a partial vacuum
in the cylinder. Differences between low pressure within the cylinder and
atmospheric pressure outside of the carburetor causes air and fuel to flow into
the cylinder from the carburetor.
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Fuel Filter

Clean fuel is important, because of the many small jets and passages in the
carburetor and openings in a fuel injector. To ensure this cleanliness, fuel filters
are installed in the fuel line. Fuel filters can be located at any point between the
fuel tank and the carburetor. One may be in the tank itself, in the fuel pump or in
the carburetor. The most common placement is between the fuel tank and a
mechanical fuel pump. In this case, the fuel enters a glass bowl and passes up
through the filter screen and out through an outlet. Any water or solid material
which is trapped by the filter will fall to the bottom of the glass bowl where it can
be easily seen and removed. Dirt particles usually come from scales of rust in the

_*4'-, at (usually) a
tefoth, the great
a car with

V-Type Engines
ninety degree ag
rigidity of the b

a low hood). 3 e i plession ratios
without blocklg .ilo]ﬁ. ;H'. ANG
car length SS e

company i
have the c
position, th
cylinder cars

SARATFISRY |

engine has S €S IC Jally e : ge1s small,
compact andfias £_ Sblong, iF h Aol i“ g EES{,;" " curve).
Its central roto ; froke
compression, p NPOSE

A horizontal-oppOgei of _g'."

both banks lie in gk o alions¥where vertical

How Tyres Work

Tyres is a black art - pun very much intended. And with the Indian car buyer
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How Tyres are made

As the figure illustrate b r everal™different components.

The Bead Bundle

The bead is a Ig
tyre the strength™
forces appliedtby:
o
The Body
The body is
common pl
to the tread.
an angle to X gond with
the other co

A tyres's stre car tyres
have two body ¥ have tyres
with 30 or more

The Belts

In steel-belted radial tyre to reinforce the area

Cap Plies

Some tyres have cap plies, an extra layer or two of polyster fabric to hold
everything in place. These cap plies are not found on all tyres; they are mostly
used on tyres with higher speed ratings to help all the components stay in place
at high speeds.

The Sidewall
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The sidewall provides lateral stability for the tyre, protects the body plies and
helps keep the air from escaping. It may contain additional components to help
increase the lateral stability.

The Tread

The tread is made from a mixture of many different kinds of natural and synthetic
rubbers. The tread and the sidewalls are extruded and cut to length. The tread is
just smooth rubber at this point; it does not have the tread patterns that give the
tyre traction.

Assembly
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A typical seatbelt consists of a lap belt, which rests over your pelvis, and a
shoulder belt, which extends across your chest. The two belt sections are tightly
secured to the frame of the car in order to hold passengers in their seats.

When the belt is worn correctly, it will apply most of the stopping force to the rib
cage and the pelvis, which are relatively sturdy parts of the body. Since the belts
extend across a wide section of your body, the force isn't concentrated in a small
area, so it can't do as much damage. Additionally, the seatbelt webbing is made
of more flexible material than the dashboard or windshield. It stretches a little bit,
which means the stop isn't quite so abrupt. The seatbelt shouldn't give more than
a little, however, or you might bang into the steering wheel or side window. Safe
seatbelts will only let you shift forward slightly.
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A car's crumple zones do the real work of softening the blow. Crumple zones are
areas in the front and rear of a car that collapse relatively easily. Instead of the
entire car coming to an abrupt stop when it hits an obstacle, it absorbs some of
the impact force by flattening, like an empty soda can. The car's cabin is much
sturdier, so it does not crumple around the passengers. It continues moving
briefly, crushing the front of the car against the obstacle. Of course, crumple
zones will only protect you if you move with the cab of the car -- that is, if you are
secured to the seat by your seatbelt.

The simplest sort of seatbelt, found in some roller coasters, consists of a length
of webbing bolted to the body of the vehicle. These belts hold you tightly against

while the belt stays isugdenly tighten up
and hold you in p :

mechanism. The central element in the retractor is a spool, which is attached to
one end of the webbing. Inside the retractor, a spring applies a rotation force, or
torque, to the spool.

This works to rotate the spool so it winds up any loose webbing.

A spiraled spring rotates the spool to keep the seatbelt
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webbing taut.

When you pull the webbing out, the spool rotates counter-clockwise, which turns
the attached spring in the same direction. Effectively, the rotating spool works to
untwist the spring. The spring wants to return to its original shape, so it resists
this twisting motion. If you release the webbing, the spring will tighten up, rotating
the spool clockwise until there is no more slack in the belt.

The retractor has a locking mechanism that stops the spool from rotating when
the car is involved in a collision. There are two sorts of locking systems in
common use today:

systems triggered by the
systems triggered b

The first sort of .f: ‘ sel8rates (when it

hits something, for eXampie /S the plest version of
this design.

the car comes to a sudden stop, the inertia causes the pendulum to swing
forward. The pawl on the other end of the pendulum catches hold of a toothed
ratchet gear attached to the spool. With the pawl gripping one of its teeth, the
gear can't rotate counter-clockwise, and neither can the connected spool. When
the webbing loosens again after the crash, the gear rotates clockwise and the
pawl disengages.

The second kind of system locks the spool when something jerks the belt
webbing. The activating force in most designs is the speed of the spool rotation.
The diagram shows a common configuration.
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The central operating element in this design is a centrifugal clutch -- a weighted
pivoting lever mounted to the rotating spool. When the spool spins slowly, the
lever doesn't pivot at all. A spring keeps it in position. But when something yanks
the webbing, spinning the spool more quickly, centrifugal force drives the
weighted end of the lever outward.

The extended lever pushes a cam piece mounted to the retractor housing. The
cam is connected to a pivoting pawl by a sliding pin. As the cam shifts to the left,
the pin moves along a groove in the pawl. This pulls the pawl into the spinning
ratchet gear attached to the spool. The pawl locks into the gear's teeth,
preventing counter-clockwise rotation.
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The Pretensioner

The idea of a pretensioner is to tighten up any slack in the belt webbing in the
event of a crash. Whereas the conventional locking mechanism in a retractor
keeps the belt from extending any farther, the pretenS|oner actually puIIs |n on

There are a numb ) f market. Some
pretensioners pu _f! , me rotate the

When an i
the air bag.

Some prete
popular des

below shows a representative model.
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When the gas is ignited, the pressure pushes the piston
up to rotate the retractor.

The central element in this pretensioner is a chamber of combustible gas. Inside
the chamber, there is a smaller chamber with explosive igniter material. This
smaller chamber is outfitted with two electrodes, which are wired to the central
processor.

When the processor detects a collision, it immediately applies an electrical
current across the electrodes. The spark from the electrodes ignites the igniter
material, which combusts to igni F _"?a;“ he_chamber. The burning gas
generates a great deal of Qufil f pressure ﬂ-!jff sure pushes on a piston
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on one end and the rotating spool on the other. In a less severe accident, the
torsion bar will hold its shape, and the spool will lock along with the locking
mechanism. But when a great deal of force is applied to the webbing (and
therefore the spool), the torsion bar will twist slightly. This allows the webbing to
extend a little bit farther.

Over the years, seatbelts have proven to be far and away the most important
safety device in cars and trucks. They are by no means infallible, however, and
car safety engineers see a lot of room for improvement in today's design. In the
future, cars will be outfitted with better belts, better air bags and, most likely,
completely new safety technology. Of course, the government will still have to
address the biggest problem with safety devices -- getting people to use them.
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For more information on seatbelts and other safety systems, check out the links
on the next page.
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