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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 together. These parts can be grouped into four major categories: engine,

‘body, chassis and electrical equipment(Fig. 1.1).

engine

S SNV

electrical

transmission equipment

steering
Fig. 1.1 Layout of a modern automobile
1 Engine

The engine acts as the power unit. The internal combustion engine is most com-.
mon ; this obtains its power by burning a liquid fuel inside the engine cylinder. There
are two types of engine: gasoline(also called a spark-ignition engine) and diesel ( also
called a compression-ignition engine). Both engines are called heat engines; the burn-
ing 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''!.

2 Body

An automobile body is d 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.

3 Chassis

The chassis is an assembly of those systems that are the major operating parts of a
vehicle. The chassis includes the transmission, suspension, steering, and brake sys-
tems(Fig. 1.2).

Fig. 1.2 Chassis of a car

1-differential 2-rear-axle housing 3-frame 4-steering wheel

S-engine O-transmission 7-drive shaft 8-suspension

3.1 Transmission

The transmission system comprises clutch, gearbox, propellor shaft, rear axle
and differential and the driven road wheels.

Clutch

The clutch or torque converter has the task of disconnecting and connecting the
engine’s power from and to the driving wheels of the vehicle!?). This action may be
manual or automatic.

Gearbox

The main purpose of the gearbox is to provide a selection of gear ratios between the
engine and driving wheels, so that the vehicle can operate satisfactorily under all driv-

ing conditions'*.

Gear selection may be done manually by the driver or automatically
by a hydraulic control system.

Propellor shaft

The function of the propellor(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.

Rear axle and differential

The rear axle and differential unit transmits the engine’s rotational power through
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90° from propshaft to axle shaft to road wheels'*). A further function is to allow each
driven wheel to turn at a different speed; essential when cornering because the outer
wheel must turn further than the inside wheel. A third function is to introduce another
gear ratio for torque multiplication.
3.2 Suspension

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 sur-
faces 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!™!.
3.3 Steering

The steering system, under the control of the driver at the steering wheel, pro-
vides the means by which the front wheels are directionally turned. The steering system
may be power assisted to reduce the effort required to turn the steering wheel and make

the vehicle easier to manoeuvre.
3.4 Brakes

The braking system on a vehicle has three main functions. It must be able to re-
duce 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, hy-
draulically operated when the driver applies the foot brake pedal'®’.

4 Electrical Equipment and Instrumentation

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

The motor vehicle incorporates a number of electrical devices that are used for:

Battery charging —alternator and regulator.

Engine purposes —starting and- ignition.

Safety and convenience —lighting, horn, wipers, washers etc
Driver information —instrumentation and warning lamps'”’.

Of these devices instrumentation is, perhaps, most influenced by the advance of
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microelectronics. The basic electromechanical systems of ;

Speedometer —for indicating vehicle speed.:

Engine oil pressure —warning lamp or gauge to show operating limits.
Engine coolant temperature ~ —warning lamp or gauge to show operating limits.
Battery charging —warning lamp or gauge to indicate satisfactory/

unsatisfactory action.

Fuel tank content —gauge to show amount of fuel in the fuel tank.

are giving way to computerized vehicle management information centres!®!.

New Words

category [ 'keetigori] n. 3, R
chassis ['fasi] n i

cylinder [’silipde] n. SEr, B
ignition [ig'nifon] n. R, Bk
compression [kom'prefon] n. E48

transmission [trenz'mifon] n. 1Esh %

hood [hud] n. #

trunk deck TERE

cargo ['ka:gou] n. "

assembly [o'sembli] n. MR, R
suspension [sos’'penfan] n. p o

clutch [klatf] n. HEiH

propellor [ pra’pelo] n. WBhEE, MR
propellor shaff f&shih
differential [difs’renfal] n. LS

hydraulic  [hai’dra:lik] a. KITR, W, WER
flexible [ 'fleksabl] a. 55K, RIER
flexible joint pIks)

torque [to:k] n HAE, 5B
torque convertor ARAE A
multiplication [ maltipli'keifon] n. WA, HOK
absorb [ob’so:b] vt W, SRk
shock [fok] n. b

occupant [ "kjupont] n. HEE, R

steering [ 'stiorip] n. ¥, R



sieering wheel Hm i

manoeuvre [ma'nu:va] n.; v WL, shitE, #9h
stationary [ 'steifnori] a. A, #kr
lining [ 'lainin] n. BWH, ®h

drum [dram] n g, A

disc [disk] n. 5] £

charge [tfa:d3] . FrHL

alternator [ 'o:ltoneita] n. KK B
incorporate [in'ko:poreit] v. e, 5
regulator [ ‘'regjuleita] n. BT

horn [ho:n] n. UV

wiper [Waipa] n BR2ZY, #KkEE
washer ['wofo] n. Vel A%
speedometer [spi’'domita] n. HET, BEET
coolant [ 'ku:lont] n. BHIF

computerise [ kom'pju:toraiz] vt a4
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HAHIEES ARSI AL SR ER SR e .
[3] The main purpose of. .. under all driving conditions.
A AR A N T EAE R E RIS RSB R EA - g HH %
b, DUMEEGAT LA FZEIT T PR TIE,
4)H1: between. ..and... &l “FE--ee- H.o. ZIE”; sothat R “HT7.
“LAME”, 5145 REN,
[4] The rear axle and differential unit. . . to road wheels.
SRR AR BRIV 3, T shih 55 MR s 90° S5 1
BER,
A from...to. .. B “Pheeeeee /| EREEPR 7+ transmit. .. to... B R “IO-..--.
ey



6

[5] The basic job of the suspension system. . . regardless of road conditions.
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), EEid] either. . .or. .. B3R ‘B HK e WE " W EAREE opera-
ted when. . . {E a brake assembly f)5BREIE
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Lesson 2 Internal Combustion Engine

1 Principle of Operation

The engine is a self-contained power unit which converts the heat energy of fuel in-
to mechanical energy for moving the vehicle. Because fuel is burned within, the en-
gine is known as an internal combustion (IC ) engine. In the IC engine, an air-fuel
mixture is iniroduced into a closed cylinder where it is compressed and then ignited.
The burning of the fuel ( combustion ) causes a rapid rise in cylinder pressure which is
converted to useful mechanical energy by the piston and crank-shaft.

The fuel may be ignited either by a spark or by compression giving rise to classifi-
cations of spark-ignition(SI) and compression-ignition( CI) engines''’. An sectional en-
gine view of a typical spark ignition petrol engine is shown in Fig 2.1, detailing the

major components.

2

Fig.2.1 Sectional view of a six-cylinder engine
1-carburetor 2-cylinder wall 3-connecting rod 4-air cleaner 5-rocker arm
6-valve spring 7-pushrod 8 -valve 9-piston 10-distributor 11-valve lifter
12-camshaft 13-oil filter 14-crankshaft 15-0il pump



The four strokes of such an engine are shown in Fig. 2. 2. At the beginning of the
induction stroke( Fig. 2. 2a), the inlet valve opens and the piston travels down the cyl-
inder from top dead centre ('TDC) to bottom dead centre (BDC). The partial vacuum
created by the moving piston causes the air-fuel mixture to rush in from the inlet mani-
fold and through the open valve, into the cylinder. The correct air-fuel mixture is pro-
vided by the carburetor. When the piston reaches the end of its stroke the inlet valve
closes, sealing the top end of the cylinder as both valves are closed.

In Fig. 2. 2b the piston is moving up the cylinder, compressing the air-fuel mixture
between the piston and ecylinder head to a very small volume-the compression stroke.
Just before TDC, an electrical spark, generated across the electrodes of the spark
plug, ignites the air-fuel mixture. For good performance the timing of the spark must
be closely controlled.

As the mixture burns, the hot gas expands causing a rapid and extreme rise in cyl-
inder pressure, to such an extent that the piston is forced down the cylinder and the
connecting rod gives the crankshaft a powerful turning effort'”?. This is the combustion
stroke, also called the power stroke, shown in Fig. 2. 2¢.

Once the mixture has been burned it must be removed from the cylinder as quickly

as possible*’ .

In the exhaust stroke ( Fig. 2. 2d) the rising piston pushes the hot gases
and combustion products out of the cylinder through the open exhaust valve and exhaust

system into the earth’s atmosphere.

a) b) c) d

Fig. 2.2 Four-stroke cycle principle of operation

a) Induction stroke b) Gompression stroke ¢) Combustion stroke d) Exhaust stroke



This sequence of events is repeated continually, with power delivered to the crank-
shaft on only one of the four strokes-the combustion stroke'*!. Crankshaft rotation con-
tinues through the other strokes due to the kinetic energy of the heavy flywheel which is
connected to the crankshaft. Note that the crankshaft rotates through two full revolutions
for each four-stroke cycle and a spark occurs only once in the cylinder”®’. In a multi-
cylinder engine, power strokes of each cylinder are staggered so that power is delivered

almost continuously to the crankshaft for a smooth operation.

2 Mixture Supply System

Fuel stored in a large tank, is fed via a pump to the carburetor. The carburetor
(Fig. 2. 3) mixes the liquid petrol with filtered air on its way to the cylinders and in the
process turns it into a vapor. The inlet manifold ( Fig. 2. 4) directs the mixture to the
cylinders. The ratio of air to fuel in the mixture delivered to the cylinder is controlled
by the size and shape of the carburetor bore and venturi, and the size of the fuel mete-
ring jets. The standard manual control for the amount of air and fuel mixture delivered
to the engine is the throttle valve, which is controlled by the driver’s depression of the
accelerator pedal. The throttle valve is simply a round disc, mounted on a thin pivot
shaft so shat it can be tilted at different angles under the control of the accelerator ped-
al'). In the vertical position the throttle valve offers virtually no restriction and the full

volume of air and fuel passes to the cylinders to produce maximum engine power. As

the throttle valve moves towards the horizontal position the airflow is restricted ( throt-
Air filter

Carburettor__|
(fuel—in)y

Valve mechanism

Piston

Filter

Fig, 2. 3 . Basic fuel supply system
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tled) and engine power and speed is reduced accordingly. In normal operation the air-

fuel ratio( by mass) varies, typically, in the rangel2:1 to 17: 1.

VAT
intake
1 Choke valve
n
o
Idling jet  Float Float needle
/ o
Fuel — =
Venturi —___| =—_ =
IMixtur
Throttle / Main jet
valve .
Adjuster needle

Fig. 2.4 Mixture supply principles
3 Ignition System

The basic ignition system of the SI petrol engine is shown in Fig. 2. 5. The battery
provides a low voltage ( 12V ) source of direct current. When the ignition switch is
turned on and the contact breaker points are closed (Fig. 2. 6a), current flows through
the primary winding of the ignition coil. This current flow creates a magnetic field in

the primary coil. When the contact breaker points open, interrupting the flow of cur-

Ignition switch

|
=
TS O
==Y

nulll

Spark plugs

Distributor

Fig. 2.5 Basic ignition system used in SI petrol engines
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rent( Fig. 2. 6b) , a rapid voltage change is produced across the primary winding and a
high voltage (15,000 ~20,000V ) is induced across the secondary winding. This sec-
ondary voltage is high enough to jump the gap of a spark plug, creating a spark between
the electrodes with sufficient energy and direction to ignite the air-fuel mixture. To as-
sist in the rapid change of primary voltage a capacitor is connected in parallel with the

breaker points, which also reduces arcing across the points-extending useful lifel™

Ignition coil o N = Field
_ —e 3 N SR @ — collapsin,
~—,rZ3 N /—:'\_’expandmg ,;/I, \?\\ g
oy i/ W\
/ ’ \‘ \ ! P Lo,y
. I W\ I, ‘fh—mP i
Ignition [ >L2 i) ‘“ q il
switch H " ') T 1
(KN} S lfl #ﬁ\Li i 4 ,’l/
T u'l"‘l‘r
1t L[‘ | ;,I ! Yl
[ARY UL L Secondary X /) / Secondary

27g =27 voltage

Primary. @ Spark
voltagé i at
¥

ﬂl\l\\ B 4+ voltage |
H Battery

I
Fwe |1

plug

a) b)

Fig. 2. 6 Basic ignition system principles
a) with control breaker points closed b) with control breaker points open

The high voliage pulses generated across the secondary coil winding must be deliv-
ered to the appropriate spark plug at the correct time. The distributor, shown in
Fig. 2.5, is used for this purpose.

It contains a rotary switch (rotor) and fixed cap, which connects the secondary
pulse to the appropriate spark plug just before the corresponding piston reaches TDC on
the compression stroke. The distributor is connected to the coil and spark plugs by high
tension plug leads and the distributor shaft controls the opening and closing of the con-
tact breaker points. As the spark (ignition ) timing must be related to the position of the
piston in the cylinder the distributor shaft rotation must be coupled to the crankshaft.
This coupling is made by mechanical gearing to the camshaft, which is crankshaft driv-
en. The camshaft rotates at half the speed of the crankshaft, because 0n1y one spark
and one valve sequence is required for each two revolutions of the crankshaft.

Initial ignition timing is set by positioning number one cylinder piston just before
TDC, both valves closed, at the end of the compression stroke. The contact breaker
points are then set to just opening with the rotor feeding the number one cylinder plug
lead. Prior to this, the gap between the fully open points must be set, to give correct

dwell time.



