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Unit One Automotive Basics

Lesson 1 Fundamentals of Automobile

The modemn automobile contains more than 15000 separate individual parts that must work to-
gether. These parts can be grouped into four major categories: engine, chassis,body and electrical

equipment ( Fig. 1-1).

suspension

steering

Fig. 1-1  Layout of a car
1 Engine

The engine acts as the power unit. The internal combustion engine is most common. As its
name indicates it obtains its power by bumning a liquid fuel inside the engine cylinder and converts
the expanding force of the combustion into rotary force used to propel the vehicle. There are two
types of engine; gasoline( also called a spark-ignition engine ) and diesel (also called a compres-
sion-ignition engine ). Both engines are called heat engines; the burning fuel generates heat which
causes the gas inside the cylinder to increase its pressure and supply power lo rotate a shaft con-
nected to the transmission.

All engines are designed to operate with several interconnected technical systems that make an
engine run correctly. They are briefly defined here and will be addressed in more detail in later units.

1.1 Fuel system

The fuel system is designed to mix air and fuel in the engine for combustion. This air and fuel

1@
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mixing should produce an efficient combustion process.

1.2 Ignition system

The ignition system is designed to ignite the air and fuel that have been mixed in the fuel sys-
tem. In order to do this,a very high voltage is deeded to produce a spark within the combustion
chamber.

1.8 Starting and charging systems

The starting and charging systems are designed to start the engine and keep the battery fully
charged during operation.

1.4 Lubrication system

This system is designed to keep all of the engine paris lubricated so that friction is reduced.
Without lubrication inside the engine ,the moving parts that are continuously rubbing against each
other would heat up. If overheat,they may be damaged by heat.

1.5 Cooling system

The cooling system is used to keep the engine at the most efficient operating temperature. It is
very important that the engine run as hot as possible. So the engine has a cooling system to remove
just the right amount of heat.

1.6 Air intake and exhaust systems

The air intake and exhaust systems get clean air into the engine and remove the dirty exhaust
gases from the combustion chamber with minimum pollution. The engines use the sophisticated duct
and exhaust pipe to do this.

1.7 Pollution control system

This system is adopted to reduce varies emissions from the engine. Some of the more common

pollutants include ecarbon monoxide , nitrogen oxide ,and hydrocarbons.

2 Chassis

The chassis is an assembly of those systems that are the major operating part of a vehicle.
During the manufacturing process the body is flexibly bolted to the chassis. The major components
of the basic chassis are the power train,suspension, steering ,and brake systems.

(1) Power train system—conveys the drive to the wheels.

(2 ) Suspension—absorbs the road shocks.

(3 ) Steering—controls the direction of the movement.

(4 ) Brake—slows down the vehicle.

2.1 Power train system

Power train system conveys the drive to the wheels. The main components are clutch, gearbox,
driveshaft, final drive ,and differential ( Fig. 1-2).

The clutch or torque converter has the task of connecting and disconnecting engine” s power
from the driving wheels of the vehicle; this action may be manual or automatic.

The transmission has gears that control the amount of power delivered to the wheels. The

® 2
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transmission increases the power( lorque)to start the car moving. This torque is reduced when the

transmission changes gears at higher speeds. The transmission also contains a set of gears that can

reverse the direction of the wheels. Gear selection may be done by the driver or automatieally by a

clutch transmission rear axle i i I ;

universal joints

hydraulic control system.

[T,
[T ]
—

Fig. 12 Power train system

The function of the propeller( drive ) shaft is to transmit the drive from the gearbox to the input
shaft of the rear axle and differential assembly. Flexible joints allow the rear axle and wheels to
move up and down without affecting operation.

The final drive provides a final gear reduction to multiply the torque before applying to the
driving axles. On front engine rear wheel drive vehicles, the final drive changes the direction of
drive by 90 degrees. Inside the rear axle,a differential gear set divides the torque to the axles and
allows for the difference in speed of each wheel when corning.

2.2 Suspension system

The purpose of the complete suspension system is to isolate the vehicle body from road shocks
and vibrations , which will otherwise be transferred to the passengers and load. It must also keep the
tire in contact with the road regardless of road surface.

2.3 Steering system

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 the power assisted
to reduce the effort required to turn the steering wheel and make the vehicle easier to maneuver.

2.4 Braking system

The braking system has three main functions—first,to reduce the speed of the vehicle,when
necessary ; second ,to stop the car in as short a distance as possible; third,to hold the vehicle sta-
tionary. The braking action is achieved as a result of the friction developed by forcing a stationary
surface ( the braking lining) into contact with a rotating surface( the drum of disc).

Each wheel has a brake assembly, of either the drum type or the dise type, hydraulically oper-
ated when the driver applies the foot brake pedal. '
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3 Body

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.

4 Electrical equipment

The electrical system supplies electricity for the ignition, horn, lights, heater, and starter. The
electricity level is maintained by a charging circuit. This circuit consists of battery and alternator
(or generator) . The battery stores electricity. The alternator changes the engine’s mechanical ener-

gy into electrical energy and recharges the battery.
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Notes to the Text

1. As its name indicates, it obtains its power by burning a liquid fuel inside the engine cylin-
der and converts the expanding force of the combustion into rotary force used to propel the vehicle.

JAi 4% KB SC B 38 e ABHTE YL P A 5 e 1R R RE 2t I R IGE Fir 7= A 1 I B ) e 46 Ry ke
AR S € P o

2. The burning fuel generates heat which causes the gas inside the cylinder to increase its
pressure and supply power to rotate a shaft connected to the transmission.

FABE FIT 7= A= PR YL P B9 ) AR 9 R S5 4% 3h R AR B iRl e B 1k 30 7

3. The steering system may be the power assisted to reduce the effort required to turn the
steering wheel and make the vehicle easier to maneuver.

e ] R 8 AT LA SR R 8l 0 2 1o e v/t I 2 ) 8 b I B9 0, R 5 TR

4. The braking action is achieved as a result of the friction developed by forcing a stationary
surface (the braking lining) into contact with a rotating surface( the drum of disc).

il B 2l 2 e 5 ] e T (8 by ) - e 2 1T ( it s S s ) 3k T 7 A ) BE R
JIHSEB

Exercises

| . Answer the following questions.

1. List the main parts of an automobile.
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2. How does an internal combustion engine convert fuel energy to mechanical energy?
3. List the main parts of a power train system.

4. Why a suspension system is used on vehicle?

5. What are the three functions of the braking system?

" >
e Ve

R

Il . Identify the English names if automobile assemblies according to the picture.
1. 2. 3 4. s 6. T
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Unit Two Engine Construction

Lesson 2 Internal Combustion Engine Basics

Engine is an important part of the automobile; it acts as the heart of a person, which provides
the power that cars need to run on the road. All the automotive engines today are the internal com-
bustion engine because the fuel is burnt inside their cylinders and the energy is provided. If com-

bustion takes place outside the eylinder,the engine is called an external combustion engine.

1 Engine terms

Power is produced by the linear motion of a piston in a eylinder. However, this linear motion
must be changed into rotary motion to turn the wheels of cars or trucks. The piston is attached to
the top of a connecting rod by a pin,called a piston pin. The bottom of the connecting rod is atta-
ched to the crankshaft. The connecting rod transmit the up-and-down motion of a piston to the
crankshaft , which changes it into rotary motion.

The power stroke“uses up” the gas,so means must be provided to expel the burnt gas and re-
charge the cylinder with a fresh petrol-air mixture: this control of gas movement is the duty of the
valves; an inlet valve allows the new mixture to enter at the right time and an exhaust valve lets

out the burnt gas after the gas has done its job. Engine terms are as shown in Fig. 2-1.

clearance
valumn

swept
volumn

Fig.2-1 Engine terms

TDC( Top Dead Center) :the position of the crank and piston when the piston is farther away
from the crankshaft.

BDC ( Bottom Dead Center) :the position of the erank and piston when the piston is nearest to
the crankshaft.
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Stroke : the distance between BDC and TDC; stroke is controlled by the crankshaft.

Bore : the internal diameter of the cylinder.

Swept volume:the volume between TDC and BDC.

Engine capacity ; this is the swept volume of all the eylinder,e. g. a four-stroke having a ca-
pacity of two liters(2000cm’ ) has a eylinder swept volume of S00cm’.

Clearance volume ;the volume of the space above the piston when it is at TDC.

Compression ratio = (swept vol + clearance vol)/( clearance vol)
Two-stroke;a power stroke every revolution of the crank.

Four-stroke :a power stroke every other revolution of the crank.
2 The four-stroke engine principle

The most common engine is the four-stroke piston engine. In this engine , four strokes of the
piston in the cylinder are required to complete one full operating cycle. Each stroke is named after

the action it performs; intake,compression,power,and exhaust( Fig.2-2).

induction(intake) compression power

Fig.22 The operation of a four-stroke cycle engine

2.1 Intake stroke

As the piston moves down, the vaporized mixture of fuel and air enters the cylinder through
the open intake valve. To obtain the maximum filling of the cylinder, the intake valve opens ahout
10°before TDC , giving 20°overlap. The inlet valve remains open until some 50°after BDC to take
advantage of incoming mixture.

2.2 Compression stroke

The piston turns up,the intake valve closes,the mixture is compressed within the combustion
chamber, while the pressure rise to about 1MPa, depending on various factors including the com-
pression ratio, throttle opening and engine speed. Near the top of the stroke the mixture is ignited
by a spark which bridges the gap of the spark plug.

2.3 Power stroke

The expanding gases of combustion produces a rise in pressure of the gas to some 3. 5MPa,
and the piston forced down in the cylinder. The exhaust valve opens near the bottom of the stroke.
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2.4 Exhaust stroke

The piston moves back up with the exhaust valve open some 50°before BDC, allowing the
pressure within the eylinder to fall and to reduce “back™ pressure on the piston during the exhaust
stroke ,and the burned gases are pushed out to prepare for next intake stroke. The intake valve usu-
ally opens just before the exhaust stroke.

This 4-stroke eycle is continuously repeated in every cylinder as long as the engine remains
running.

For a diesel engine,only air enters the combustion chamber in the intake stoke. When the pis-
ton begins to move upward on the compression stroke, the temperature at the end of this stroke in-
creases to 750 ~950K because of high compression ratio. At or shortly before TDC, high-pressure
fuel is injected into the hot air and combustion takes place. This is why the diesel engine is called

a compression-ignition engine.
3 Engine systems

An engine is composed of many systems. They work together and rely on each other for good
performance. The major parts of the engine are engine block, engine head, pistons, connecting
rods , crankshaft, and valves. The other parts are joined to make systems. These systems are the fuel
system , intake system, ignition system, cooling system, lubrication system, and exhaust system.

These will be discussed in detail later.
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