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Unit One Structure of Automobile

Lesson 1 Fundamentals of Automobile

Today’s average car contains more than 15,000 separate, individual parts that must work to-
gether. Fig. 1.1 shows the major systems of a vehicle. These parts can be grouped into the following
major categories

® Body and frame—support and enclose the vehicle.

e Engine—provides dependable, efficient power for the vehicle.

e Computer systems—monitor and control various vehicle systems.

e Fuel system—provides a combustible air-fuel mixture to power the engine.

® Power-supply system—generates and/or distributes the power needed to operate the vehicle’s

electrical and electronic components.

® Cooling and lubrication systems—prevent the engine from damage and wear by regulating

engine operating temperature and reducing friction between internal engine parts''’.
e FExhaust and emission control systems—quiet engine noise and reduce toxic substances emit-
ted by the vehicle.
® Drive train systems—transfer power from the engine to the drive wheels.
e Suspension, steering, and brake systems—support and control the vehicle.

® Accessory and safety systems—increase occupant comfort,safety and convenience.

Intake manifold Throttle body

Fule in Fuel filter  Fuel injector
% Fuel tank
{3 Airin
Fuel pump Fuel system
Ignition system L2
) Engine
Drive axle assembly Transmission ~ Clutch L
Drive train system
Drive shaft Starting system |
Power out \ Cooling system
Charging system
Muffler Catalytic converter  Exhaust manifold

Exhaust out =
Exhaust and emission

Lubrication system
control system

Fig.1.1 General location of the major vehicle systems



1. Frame, Body and Chassis

The body and frame are the two largest sections of a motor vehicle. The frame is the strong met-
al structure that provides a mounting place for the other parts of the vehicle. The frame holds the en-
gine, transmission, suspension, and other assemblies in position.

An automobile body is a sheet metal shell with windows, doors, a hood, and a trunk deck built
into it. It provides a protective covering for the engine, passengers and cargo. The body is designed
to keep passengers safe and comfortable. The body styling provides an attractive, colorful, modern
appearance for the vehicle.

The term chassis is often used when referring to a vehicle’s frame and everything mounted to it
except the body'*'. Tt includes tires, wheels, engine, transmission, drive axle assembly, and

frame, as shown in Fig. 1.2.

Fig.1.2 Chassis of a car

2. Engines

The engine acts as the power unit, which is designed to convert energy into useful mechanical
motion. The internal-combustion engine ( ICE ) is widely used in modern automobile. The internal-
combustion engine is a device used to convert the chemical energy of the fuel into heat energy, and
then to convert this heat energy into usable mechanical energy'®’. The working process includes four
strokes, which are intake stroke, compression stroke, power stroke and exhaust stroke. In practical
work , the reciprocating movement of the piston in the cylinder is converted to rotary motion of the
crankshaft. The internal-combustion engines can be divided into two types: gasoline ( spark-ignition

engine) and diesel ( compression-ignition engine) .
3. Computer System

The computer system uses electronic and electrical devices to monitor and control various sys-
tems in the vehicle, including the fuel, ignition, drive train, safety and security systems'*’. The
use of computer systems has improved vehicle efficiency and dependability. Three major parts are in-

cluded in the computer system: sensors, control module and actuators.



4. Fuel System

The fuel system must provide the correct mixture of air and fuel for efficient combustion. This
system must add the right amount of fuel to the air entering the cylinders, and alter the air-fuel ratio
with changes in operating conditions'*'. There are three basic types of automotive fuel systems: gas-

oline injection system, diesel injection system and carburetor system.

5. Electrical System

The vehicle’s electrical system consists of several subsystems ( smaller circuits) ; ignition sys-
tem, starting system, charging system and lighting system. Each sub-system is designed to perform a
specific function, such as fire the spark plugs to ignite the engine’s fuel mixture, rotate the crank-
shaft to start the engine, illuminate the highway for safe night driving, etc'®
® An ignition system is needed on gasoline engines to ignite the air-fuel mixture. It produces
an extremely high voltage to operate the spark plugs, which can fire air-fuel mixture at the
correct time, thus to produce power.

® The starting system has a powerful electric starting motor that rotates the engine crankshaft
until the engine fires and runs on its own power.

e The charging system is needed to replace electrical energy drawn from the battery during
starting systems operation. To re-energize the battery, the charging system forces electric
current back into the battery.

® The lighting system consists of the components that operate a vehicle’s interior and exterior

lights (fuses, wires, switches, relays, etc).
6. Cooling and Lubrication Systems

The cooling and lubrication systems are designed to prevent engine from damage and wear. The
cooling system maintains a constant engine operating temperature. It removes excess combustion heat
lo prevent engine damage and also speeds engine warm-up.

The lubrication system reduces friction and wear between internal engine parts by circulating fil-
tered engine oil to high-friction points in the engine. It also helps cool the engine by carrying heat

away from internal engine parts.
7. Exhaust and Emission Control Systems

The exhaust system quiets the noise produced during engine operation and routes engine exhaust
gases to the rear of the vehicle body.

An automobile exhaust system comprises of various devices or parts of an automotive engine,
which are used for discharging burned gases or steam. The exhaust system consists of tubing, which
is usually used for emitting out waste exhaust gases with the help of a controlled combustion taking

]

place inside an automobile engine'’’. All the burnt gases are exhaled from an engine using one or

more exhaust pipes. These gases are expelled out through several devices like cylinder head, ex-



haust manifold, turbocharger, catalytic converter, muffler and silencer.
The emission control systems are used to reduce the amount of toxic ( poisonous) substances
produced by an engine. Some systems prevent fuel vapors from entering the atmosphere ( air sur-

rounding the earth). Other emission control systems remove unburned and partially burned fuel from

the engine exhaust.

8. Drive Train System

The drive train transfers turning force from the engine crankshaft to the drive wheels. The drive
train parts ( Fig. 1. 3) commonly found on a front-engine, rear-wheel-drive vehicle include the
clutch, transmission, drive shaft, and rear axle assembly, and the drive train parts used on most

front-engine , front-wheel-drive vehicles include the clutch, transaxle, and drive axles'®’.

Rear axle drive

Angle transmission  Propeller shaft

-
All-Wheel drive clutch

Front axle differential

Rear axle differential

Fig.1.3 Drive train components

9. Suspension, Steering and Brake Systems

The suspension, steering, and brake systems are the movable parts of the chassis.

The axles and wheels are isolated from the chassis by a suspension system. The basic job of the
suspension system is to absorb the shocks caused by irregular road surfaces that would otherwise be
transmitted to the vehicle and its occupants, thus helping to keep the vehicle on a controlled and
level course, regardless of road conditions'®’.

The steering system, under the control of the driver at the steering wheel, provides the means
by which the front wheels are directionally turned. The steering system may be power assisted to re-
duce the effort required to turn the steering wheel and make the vehicle easier to manoeuvre.

The braking system on a vehicle has three main functions. It must be able to reduce the speed
of the vehicle, when necessary; it must be able to stop the car in as short a distance as possible; it
must be able to hold the vehicle stationary. The braking action is achieved as a result of the friction
developed by forcing a stationary surface (the brake lining) into contact with a rotating surface (the
drum or disc). Each wheel has a brake assembly, of either the drum type or the disc type, hydrau-
lically operated when the driver applies the foot brake pedal' .
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Lesson 2 Engines

The engine is the power plant that produces the energy needed to propel the vehicle and operate
other systems. It converts the heat energy of a fuel ( gasoline, diesel,alcohol, etc) into movement.
The burning and expansion of the gases in the combustion chamber produces pressure. The engine
piston, connecting rod and crankshaft convert this pressure into motion for moving the car and oper-
ating other systems''’.

Engine is usually located in the front portion of the body. Placing the heavy engine in this posi-
tion makes the vehicles safer in the event of a head-on collision. In a few vehicles, the engine is

mounted in the rear to improve handling.

1. Components

The basic parts of an engine are shown in Fig. 2. 1.

® block—main supporting member of the engine to hold all the other engine parts in place.

® cylinder—a round hole machined in the block, which guides piston movement.

® piston—a cylindrical component that transfers the energy of combustion to the
connecting rod.

® rings—seal the small gap around the side

Lifters __ ——— Rocker arms

of the piston, to keep combustion pres-

sure and oil from leaking between the

. . >/7v l !
piston and the cylinder wall. Valves A spring
® connecting rod—Ilinks the piston to the { Cvlinder head
Combustion Y
crankshaft. chamber

® crankshaft—changes the reciprocating  pigon_————
movement of the piston and rod into use-  pigon
ful rotary motion.
e cylinder head—covers and seals the top  Connecting rod
of the cylinder, and also holds the
valves, rocker arms,and camshaft.
® combustion chamber—a small cavity be-
tween the top of the piston and the bot-
tom of the cylinder héad, where the
burning of the air-fuel mixture occurs.
® valves—control the flow of air-fuel mix- Fig.2.1 Engine components
ture into the combustion chamber and exhaust gases out of the combustion chamber , through
opening and closing.
e camshaft—controls the opening of the valves.

® valve springs—keep the valves closed when they do not need to be open.



e rocker arms—transfer camshaft action to the valves.

e lifters or followers—ride on the camshaft and transfer motion to the other parts of the valve
train.

e flywheel—helps keep the crankshaft turning smoothly, and provides a large gear for the

starting motor.

2. Four-Stroke Cycle

Automobile engines normally use a four-stroke cycle. Piston stroke is the distance the piston
slides up and down from the top dead center (TDC) to the bottom dead center (BDC). This takes
one-half turn of the crankshaft. The crank rotates 180°during one piston stroke ( Fig.2.2). Four
separate piston strokes are needed to produce one cycle, which are the intake stroke, compression
stroke, power stroke and exhaust stroke. The piston must slide down, up, down and up again to
complete one cycle'? .

One stroke

Top dead
center
(TDC)

Bottom~”~

(BDC)

Crankshaft

Fig.2.2 Piston stroke

2.1 Intake Stroke

During this stroke, the piston is moving downward and the intake valve is open and the exhaust
valve is closed. This downward movement of the piston produces a partial vacuum in the cylinder.
Atmospheric pressure can then force air and fuel rush into the combustion chamber past the open in-
take valve,as shown in Fig.2.3a.
2.2 Compression Stroke

When the piston reaches the bottom dead center at the end of the intake stroke, the intake valve
closes and seals the upper end of the cylinder. As the crankshaft continues to rotate, it pushes the
connecting rod up against the piston. The piston then moves upward and compresses the combustible
mixture in the cylinder. This action is known as the compression stroke ( Fig.2.3b). In gasoline
engines, the mixture is compressed to about one-eighth of its original volume. (In a diesel engine
the mixture may be compressed to as little as one-sixteenth of its original volume. ) This compression
of the air-fuel mixture increases the pressure within the cylinder. Compressing the mixture in this
way makes it more combustible; not only does the pressure in the cylinder go up, but the tempera-

ture of the mixture also increases'>’.
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2.3 Power Stroke

As the piston reaches the top dead center at the end of the compression stroke, the ignition sys-
tem produces an electric spark. The spark sets fire to the fuel-air mixture. In burning, the mixture
gets very hot and expands in all directions. The pressure rises to about 600 to 700 pounds per square
inch. Since the piston is the only part that can move, the force produced by the expanding gases
forces the piston down. This force, or thrust, is carried through the connecting rod to the crankpin
on the crankshaft. The crankshafi is given a powerful twist. This is known as the power stroke ( Fig.
2.3c). This turning effort, rapidly repeated in the engine and carried through gears and shafts, will
turn the wheels of a vehicle and cause it to move along the highway'*'.
2.4 Exhaust Stroke

After the fuel-air mixture has burned, it must be cleared from the cylinder. Therefore, the ex-
haust valve opens as the power stroke is finished and the piston starts back up on the exhaust stroke
(Fig.2.3d). The piston forces the burned gases of the cylinder past the open exhaust valve and the
intake valve is closed. The burned fuel mixture is pushed out of the engine and into the exhaust sys-
tem.

The crankshaft must rotate two complete revolutions to complete the four-stroke cycle. The four
strokes (intake, compression, power, and exhaust) are continuously repeated as the engine runs.
With the help of the heavy flywheel, this action produces smooth, rotating power output at the en-

gine crankshaft.

==

valve Exhaust

Fig.2.3 Four stroke cycle principle of operation
a) Intake stroke b) Compression stroke c¢) Power stroke d) Exhaust stroke

3. Engines Subsystems

3.1° Oiling System _
Oil is the life blood of the engine. An engine running without oil will last about as long as a hu-

man without blood®'. 0il is pumped under pressure to all the moving parts of the engine by an oil
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pump. The oil pump is mounted at the bottom of the engine in the oil pan and is connected by a gear
to either the crankshaft or the camshaft. In this way, when the engine is turning, the oil pump is
pumping. There is an oil pressure sensor near the oil pump that monitors pressure and sends this in-
formation to a warning light or a gauge on the dashboard. When you turn the ignition key on, but
before you start the car, the oil light should light, not only indicating that there is no oil pressure

yet, but also letting you know that the warning system is working °'.

As soon as you start cranking
the engine to start it, the light should go out indicating that there is oil pressure.
3.2 Engine Cooling

Internal-combustion engines must maintain a stable, operating temperature, not too hot and not
too cold. With the massive amounts of heat that is generated from the combustion process, if the en-
gine did not have a method for cooling itself, it would quickly self-destruct'’ . Major engine parts
can warp causing oil and water leaks and the oil will boil and become useless.

While some engines are air-cooled, the vast majority of engines are liquid-cooled. The water
pump circulates coolant throughout the engine, hitting the hot areas around the cylinders and heads
and then sends the hot coolant to the radiator to be cooled off.

3.3 Valve trains

The valve train consists of valves, rocker arms, pushrods, lifters, and camshaft (s). Valve
train opening/closing and duration, as well as the geometry of the valve train, control the amount of
air and fuel entering the combustion chamber at any given point in time. Timing for open/close/du-
ration is controlled by the camshaft that is synchronized to the crankshaft by a chain, belt or gear .

Valve trains are built in several configurations, each of which varies slightly in layout but still
performs the task of opening and closing the valves at the time necessary for proper operation of the
engine. These layouls are differentiated by the location

of the camshaft within the engine:

Rocker arm— —geas > Rocker shaft

Valve clearance
adjuster

® Overhead camshafts: The camshaft ( or cam-
Valve clearance —

shafts, depending on the design employed) is Valve spring —

located above the valves within the cylinder Exhaust valve
. L. X Intake valve =~

head, and operates either indirectly or directly

on the valves. Pushrod

i Tappet

Camshaft
~ Cam

e Cam-in-block: The camshaft is located within Camshafi e
sprocket g

the engine block, and operates directly on the

valves, or indirectly via pushrods and rocker
arms. Because they often require pushrods they

are often called pushrod engines.
. Crankshaft A=
e Camless; This layout uses no camshafts at all.  sprocket

Technologies such as solenoids are used to indi-

vidually actuate the valves. Fig.2.4 Valve train system



