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cnnlenls (11 Topics)

1 Parts, assemblies, and systems
JFrame, body, and chassis
JEngine

1 Computer system

JFuel system

J Electrical system
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1 Cooling and lubrication systems
J Exhaust and emission control systems
 Drive train systems

_1Suspension, steering, and brake
systems

JAccessory and safety systems
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Automobile

Derived from Derived from the
the Greek word French word
autos, which mobile, which

means self. means moving.
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Part

JThe smallest removable item on a
vehicle

_INot normally disassembled

AElectrical or electronic parts are often
called components
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Assembly

JSet of fitted parts designed to complete
a function

the engine Is an assembly that converts
fuel into usable power to move the vehicle

JdTechnicians take assemblies apart and
put them back together during
maintenance, service, and repair
operations
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System

JGroup of related parts and assemblies
that performs a specific job
the steering system is comprised of the

steering wheel, gears, swivel joints, and
other parts

allows the driver to turn the wheels when
maneuvering the vehicle
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Major Vehicle Systems

Intake manifold !,Throttle body

Fuel injector ¥

Fuel iﬂg Fuel filter
<j Airin

4 Fuel system

Fuel /
pump Ignition system -7 | @
. Transmission Clutch Engine
 Drive axle assembly i
|¢ Drive train
/“ ’/"‘ '/ system
Oy & (]
[=rn N o
Drive shatft Starting system —| Iy
Power out 5 Cooling
system
Q »_ Charging
\ Catalytic converter ﬁ system

Exhaust out |
Exhaust and emission Lubrication system

control systems
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Body

JIMade of steel, aluminum, fiberglass,
plastic, or composite materials

_JForms the outside of the vehicle

_1Serves as an attractive covering for the
chassis
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Chassis

JConsists of the vehicle’s frame and
everything attached to it except the
body

dIncludes the tires, wheels, engine,
transmission, drive axle assembly, and
frame
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Frame

Strong metal structure that provides a
mounting place for other parts of the
vehicle

JBody-over-frame construction

chassis parts and body bolt to the frame

JUnibody (unitized) construction

sheet metal body panels are welded
together to form the body and frame
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Unibody Construction
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Body-over-Frame
Construction




Body Types

JAutomobiles are available in several
body types, including:
sedan
hardtop
convertible
hatchback
station wagon
minivan
sport-utility vehicle

© Goodheart-Willcox Co., Inc.

Permission granted to reproduce for educational use only



Uses center body pillars, or “B” pillars,
between the front and rear doors. A
hardtop does not use “B” pillars.
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Convertible

£

Uses a vinyl or cloth top that can be
raised and lowered



Hatchback

The large rear door allows easy access
when hauling items
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Station Wagon

compartment

© Goodheart-Willcox Co., Inc. Permission granted to reproduce for educational use only



Minivan

Has a higher roofline for more
headroom and cargo space
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Sport Utlllty Vehlcle

Provides the comfort of a passenger catr,
the Iinterior space of a station wagon, and
the durability of a truck



Automobile Body Parts

© Goodheart-Willcox Co., Inc.

Front bumper

Left front
fender

Right front
fender

Hood

| eft front
Hoor

Right front

Left rear
door

Right rear
door

Left rear — |} — Right rear
quarter quarter
Trunk lid Rear bumper
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Engine

JProvides the energy to propel the
vehicle and operate the other systems

JMost engines burn gasoline or diesel
fuel

_1The fuel burns to produce heat

1 The heat causes gas expansion,
creating pressure

JThe pressure moves the internal engine
parts to produce power
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Automotive Engine
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Front engine, front-wheel drive Transverse
engine mounting

Front engine, rear-wheel drive Longitudinal
engine mounting

Rear enqine. rear-wheel drive

Engine Locations
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Basic Engine Parts

Rocker arms

Valves
Combustion
chamber
Piston

Piston
rings

Connecting
rod

Crankshaft

Valve spring

Cylinder
head

‘r/ Block

Cylinder

Fiywheel
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Four-Stroke Cycle

JFour separate piston strokes are
needed to produce one cycle:

Intake stroke
compression stroke
power stroke
exhaust stroke

JThe piston must slide down, up, down,
and up again to complete one cycle
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Intake Stroke

Intake
valve

open

Exhaust
valve
closed

Air-fuel
mixture
pulled into
cylinder

Piston and rod
moving down

1—Intake stroke. Intake valve open. Exhaust valve closed. Piston slides down,
forming vacuum in cylinder. Atmospheric pressure pushes air and fuel into
combustion chamber,

Draws the air-fuel mixture into the cylinder
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Compression Stroke
o

closed

Air-fus]
mixture
compressed

f<«——— Pis:on and rod
maving up

2—{ompression stroke. Both valves are closed. Piston slides up and pressurizes
air-fuel mixture. This readies mixture for combustion.

Compresses the air-fuel mixture

© Goodheart-Willcox Co., Inc. Permission granted to reproduce for educational use only



Power Stroke

Spark plug
fires, mixture
burns and
expands

Piston forces
rod down
and turns
crankshaft

3—Power stroke. Spark plug sparks. Air-fuel mixture burns. High pressure forces
piston down with tremendous force. Crankshaft rotates under power.

Produces the energy to operate the engine
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Exhaust Stroke

Intake
valve
closed

Exhaust
valve
open

Piston slides up
and pushes
burned gases out

4—Exhaust stroke. Exhaust valve opens. Intake valve remains closed. Piston slides
up, pushing burned gases out of cylinder. This prepares combustion chamber for
another intake stroke.

Removes the burned gases from the
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combustion chamber
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Automotive Engines

1 Multi-cylinder engines are used
1 4,5,6,8, or 10 cylinders may be used

1 Additional cylinders smooth engine
operation and increase power output
because there Is less time between
power strokes
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Engine Components
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Computer System

JUses electronic and electrical devices to
monitor and control various systems

JThe systems controlled include the:
fuel system
Ignition system
drive train
safety and security systems
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Computer System
Components

JSensors

Input devices that can produce or modify
electrical signals with changes in a
condition, such as motion, temperature, or
pressure

JControl module

computer that uses signals from input
devices (sensors) to control various output
devices
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Computer System
Components

JActuators

output devices that can move parts when
energized by the control module

output devices include electric motors and
solenoids
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Computerized Door
Locks

Sensing Contrel Output
Door lock
solenaid

Control module (actuator)

{cmnpulter] !
| [y
N

The doors are locked as soon as the
vehicle starts moving In drive or reverse
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Fuel System

] Provides the correct mixture of air and
fuel for efficient combustion

 Alters the air-fuel ratio with changes In
operating conditions such as engine
temperature, speed, and load

J Fuel system types:
gasoline injection system

diesel injection system
carburetor system
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Gasoline Injection
System

] Uses a control module, sensors, and
electrically operated fuel injectors to meter
fuel into the engine

1 An electric fuel pump pressurizes the fuel

 The control module monitors sensor values
and opens the injectors for the correct
amount of time to deliver the desired quantity
of fuel
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Gasoline Injection
System

When open,
fuel injector
(fuel valve}
sprays fuel
toward intake
walve

Bir enters
Throttle h

alve K3
/A
& ...

Spark plug
ignites mixture

Gasaline

fuel pump from tank

'Y

Wires 'fEE

il |

ta
Enging
SENSOS

I Computer

A—~Gasaling injection system. Engine sensors feed information [electrical signals) to computer about engine conditions. Computer can then
ppen injector for right ameunt of time, This maintains correct air-fuel ratio. Spark plug ignites fuel.
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Diesel Injection
System

J Forces fuel directly into the combustion
chambers

JHigh pressure produced during
compression heats the air enough to
ignite the fuel

JWhen fuel Is injected into the cylinder,
the heated air causes the fuel to ignite
and burn
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Diesel Injection
System

Mechanical injection nozzle \

sprays fuel into
combustion chambeer

Injection
fine

Air enters

High-pressure

Fuel ignites migCanical pump

Mo

throtie

husest] Only air flows
past intake vahe and
into combustion
chamhber

Air compressed

5o tight i

becomes red hot
B [kesel injection system. High-pressure mechanical pump sprays fuel directy into combustion chamber. Piston sgueezes and heats air
enough 1o ignite diesel fuel. Fued begins to burn as soon as it touches heated ain Nate that no throttle valve or spark plog is used. Amount of
fuef injected into chamber controls diesel engine power and speed,
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Carburetor Fuel
System

JUses vacuum to draw fuel into the
engine

J A mechanical or electric fuel pump
delivers fuel to the carburetor

J A throttle valve controls airflow and
engine power output
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Carburetor Fuel
System

T

[

Fuel line

?
Carburetor ﬁ
4
2 T
PN
£ [
Fuel pulled ; g
into ’5 N A
airstream Y O it
by vacuum ' i . T
N mechanical fuel
pumg
Throttie
controls
sk Gasoline
Rl / from tank

Air-fuel mixture
flows to cylinder

Mixture ignited

by spark plug
(—~Carburetor fuel system. Fuel pump fills carburetor with fuel. When air flows through carburetor, fuel is pulled into engine in correct
propartions. Throttle valve contrals airflow and engine power output,
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Electrical System

J Consists of several subsystems:
ignition system
starting system
charging system
lighting system
J Each subsystem is designed to perform
a specific function
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lgnition System

JNeeded on gasoline engines to ignite
the air-fuel mixture

JProduces an extremely high voltage
surge, which operates the spark plugs

JAn electric arc jumps across the tip of
each spark plug at the correct time,
causing the air-fuel mixture to burn
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lgnition System

Igniticn
switch
, 4 L7
|
WL

/ Control module

Resistor

Battery

U
Crankshaft /

position sensor

/

Trigger
wheel
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Starting System

JAn electric starting motor rotates the
engine until it “fires” and runs on Iits own
power

JWhen the key Is turned to the start
position, current flows from the battery
through the starting system circuit

1 The starting motor turns, and the
starting motor pinion gear engages a
gear on the flywheel, turning the
crankshaft
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Starting System

Starting system

Small current
/ activates starter

Ignition
switch

™~ Flywheel
gear

lis Starting
motor

i _I_ High current
: flow to starter
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Charging System

JReplaces electrical energy drawn from
the battery by forcing electric current
back into it

JWhen the engine is running, the
alternator produces electricity to
recharge the battery and operate other
electrical devices

JThe voltage regulator controls system
voltage
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Charging System

Charging system
Voltage to
/ activate requlator
Voltage 4
regulator
Ignition
switch
Alternator
e
- i i | Current flows through
— and recharges battery
\ Battery
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Lighting System

JConsists of the components that
operate a vehicle’s interior and exterior

lights
JComponents may include:
fuses
wires
switches
relays
control modules
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Cooling System

Maintains a constant engine operating
temperature

JRemoves excess combustion heat to
prevent engine damage

_dMinimizes engine warm-up time

_1Coolant is pumped through the engine,
where it absorbs heat

JCoolant then flows to the radiator,
where heat Is released to the outside air
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Cooling
System
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Water
pump

Engine
water
jacket

Crankshaft

Hot coolant

|--t-|-r- —

ol

Radiator

Fan

-

Airflow to
remove heat
from coolant

Cooled coolant

Fan belt

Permission granted to reproduce for educational use only



Lubrication System

JReduces friction and wear between
Internal engine parts by circulating
filtered oll to high-friction points in the
engine

JHelps cool the engine by carrying heat
away from internal engine parts

© Goodheart-Willcox Co., Inc. Permission granted to reproduce for educational use only



Lubrication System
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Exhaust System

JQuiets the noise produced by engine
operation

J Routes engine exhaust gases to the
rear of the vehicle body
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Exhaust System

manifolds

/ Intermediate pipes Exhaust

Mufflers \\

Catalytic converters Header pipes
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Emission Control
Systems

J Reduce the amount of toxic substances
produced by an engine

prevent fuel vapors from entering the
atmosphere

remove unburned and partially burned fuel
from the engine exhaust
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Drive Train Systems
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rive Train Systems

Manual fransaxie . Clutch -~ _~— Enging
J
-t Engineg
drive
Clutch Transmission ' e
Manual
transmission
|'-l _-\-H\
)
al
--=—— [rive shaft
Diffarential
™,
T 1OH
Rear Dead axle
d drive axle

Rear-wheel-drive Front-wheel-drive
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Clutch

J Allows the driver to engage or
disengage the engine and manual
transmission or transaxle

J Clutch pedal released

clutch locks the flywheel and the
transmission together

power flows to the transmission

J Clutch pedal depressed
clutch disengages power flow
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Transmission

JUses various gear combinations
(ratios), to multiply engine speed and
torque to accommodate driving
conditions

JLow gear ratios allow the vehicle to
accelerate quickly

JHigh gear ratios permit lower engine
speed, providing good fuel economy
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Manual Transmission
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J -::_-.;':" - __..._.I I _ P i, : N '||_'_| UII"I'.,.'[_:
al"‘#' e i - 25 shaft

Sychronizer for | Gear shift lever —
Erllﬁll'll;l gedrs \ i Shift

S Imechanism

(Input shaft |\
[ fram clutch |

" Output
shaft

x
Gears

* Transmission case

various gear ratios

Per

Uses gears and shafts to achieve
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Automatic
Transmission

- Does not have to be shifted by the
driver

JUses an internal hydraulic system and,
IN MOSt cases, electronic controls to
shift gears

dInternal clutches or bands control
gearsets to provide various gear ratios

Input shaft is connected to the engine
crankshaft through a torgue converter
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Automatic
Transmission
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Drive Shaft

d Transfers power from the transmission
to the rear axle assembly

JUniversal joints allow the rear
suspension to move up and down
without damaging the drive shatft
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Drive Shaft

Transmission

¢+ Engine

Difterantial

/ Rear axle
assembly
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Rear Axle Assembly

_1 Contains a differential and two axles

_ Differential

set of gears and shafts that transmits
power from the drive shaft to the axles

JAxles

steel shafts that connect the differential
and drive wheels
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Transaxle

are avallable
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1 Used with front-wheel-drive vehicles
_1Both manual and automatic transaxles

Transverse
(sideways)
mounted
engine

Front drive
axles

Transaxle

Per
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Transaxle

Diffarential +,
assambly ™

) ¥ Transmission
asaambly

Power output 'S
o drive axla

Foge f .-J'I . -
i . l= i i b
r = i . P N e ¥ =
J h, . . "-.._"‘_1- - -- I’ () : 1- "--ff_r .
I|I ' sk . - T . " ¥ -
I| ..". i i ] T b !__'. ooy f
I|I :;-I i ¥ ’ 3
o : L ”~ e Housingor
L . : y caLe
Shitt rod ! o
assembly s

Consists of a transmission and a

differential in a single housing
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Front Drive Axles

. Connect the transaxle differential to the
hubs and wheels of the vehicle

J Equipped with constant-velocity joints

constant-velocity joints allow the front
wheels to be turned to the left or right and
to move up and down
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Suspension System

J Allows the vehicle’s wheels and tires to
move up and down with little effect on
body movement

JPrevents excessive body lean when
cornering quickly

JVarious springs, bars, swivel joints, and
arms make up the system
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Steering System

J Allows the driver to control vehicle
direction by turning the wheels right
or left

JUses a series of gears, swivel joints,
and rods
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Suspension and
Steering Systems

; Engine

Suspension
systam
spring

-~ Power
steerning
pump

Tire -,

Shock

absarber

o ]
1 .."' l
~Transaxle |

"Steerin [ \ )
gear g [ ' Bteering system

¢
' Front drive Suspension ' tie rod
axle system control arm

L1

i

Wheel -
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Brake System

J Produces friction to slow or stop the
vehicle

JWhen the driver presses the brake
pedal, fluid pressure actuates a brake
mechanism at each wheel

JMechanisms force friction material
against metal discs or drums to slow
wheel rotation
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Complete Brake
System

Emergency brake \

Brake booster \.\ 3

Master ~__ ) .' i\
cylinder ~ ) . @5’ "
s P

v
~ Brake
lings

Hydraulic = |
unit Caliper '
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Wheel Brake Assembly
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 Brake rotlor
J ordisc

Wheel

* Brake
caliper
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Accessory Systems

JCommon accessory systems include:
alr conditioner
sound system
power seats
power windows
rear window defogger
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Safety Systems

J Common safety systems include:
seat belts
alr bags
security systems
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Safety Systems

e
=
e
LTy
[T

This vehicle is equipped with front and
side-impact air bags




