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Unit One Fundamentals of Automobile -
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Lesson 1 Structure of Automobile

In order to study automobiles, it is important to review the basic parts of an
automobile. See Fig.1-1. An automobile can be subdivided into several major categories:

Body and frame

Engine
Electrical system

Suspension

Transmission Chassis
Running gear

Fig.1-1 Basic parts of an automobile

the body and frame, the engine or power source, the chassis and the electrical
equipment.

Body and Frame

The body and frame section of an automobile is the basic foundation of the vehicle.
All other components and systems are attached to the body and frame. The frame
supports the vehicle body, engine, and the driveline. Fig. 1-2 illustrates the body and
frame of a typical vehicle.

O Body

W
Q Frame b) Unitized

a) Separate
Fig.1-2 Body and frame
There are two types of body and frame configuration. The separate body and frame

construction illustrated in Fig. 1-2a) has been used for a long time. The second type of
construction is called the unitized body. See Fig. 1-2b). This type of vehicle is designed

3|iqowolny JO S|ejuswepun auQ 3iup



with the frame and body in one unit. The unitized body is used in most cars today.

Engine

The engine is used to power the vehicle. The engine is also called the power source
or motor. The word motor is defined as that which imparts motion. So a motor can be
any device that produces power. However, the power source in the automobile is usually
referred to as the engine.

Most automobiles use the gasoline engine as a power source. However, other power
sources are being tested and introduced every year. For example, the diesel engine is also
being used as a power source today, and has been used in commercial vehicles widely. In
addition, some automotive engineers predict the use of gas turbines and Stifling engines
for future power sources in the automobile.

Most automobiles use the reciprocating piston or Otto cycle engine. However,
certain car manufactures also offer rotary design engines as an optional power source.
Although the rotary engine now used on certain vehicles looks similar to the
reciprocating piston engine, internally there are many differences (1

The engine is typically located in the front of the vehicle. But some vehicles have
rear engines. In addition, certain manufactures have developed engines that are placed
in the middle of the body and frame.

Most of engines are designed to havc several supporting technical systems. These
include: the fuel system, the ignition system, the starting and charging system, the
lubricating system, the cooling system, the air intake and exhaust system, the pollution
control system.

The fuel system is designed to mix the air and fuel in the engine. This mix will
produce an efficient combustion process. The ignition system is designed to ignite the air
and fuel that has been mixed. The starting and charging system is designed to start the
engine and to keep the battery charged during operation. The lubricating system is
designed to keep all engine moving parts lubricated so that friction is reduced internally.
The cooling system is designed to keep the engine at the most efficient operating
temperature. The air intake system is designed to get air into the engine efficiently and
without dirt. The exhaust system is designed to clean the exhaust gases and to reduce the
sound of the exhaust noise. The pollution control system is designed to reduce various
emissions from the engine including carbon monoxide, nitrogen oxide (oxides of
nitrogen) , and hydrocarbons.

Chassis

The chassis consists of the transmission, the running gear and the suspension
system. It is shown in Fig.1-3.

The transmission is defined as those components that transmit the power from the
engine to the wheels. This action will propel the vehicle in a forward or reverse
direction. The transmission includes components such as the clutch, gearbox, drive



Suspension Wheels and tires
Transmission =\ \ Halfshafts

; / : ] T Differenti
Braking system Steering system Drive shaft Differential

Fig.1-3 Chassis of a car

shaft, differential, and halfshafts etc.

There are two methods in which the transmission can be designed: the rear wheel
driveline system and the front wheel driveline system. In rear wheel driveline system,
the engine is in the front of the body and frame. The power is then transmitted to the
rear of the vehicle for propulsion. The front wheel driveline system is used on most cars
today. In this system the engine is in the front of the vehicle. The driveline can be also
in the front of a vehicle. Both systems have advantages and disadvantages and are
equally reliable in their operation.

The running gear consists of the wheels, tires, braking system and steering system.
The braking system is used to reduce the speed of the vehicle and hold it stationary as
necessary. The steering system is used to provide the means by which the vehicle is
directionally turned.

The suspension system on the automobile includes such components as the springs,
shock absorbers, struts, torsion bars, axles, and connecting linkages. These components
are designed to support the body and frame, the engine, and the driveline on the road.
Without suspension system, the comfort and ease of driving would be reduced. The
springs and torsion bars are attached to the axles of the vehicle. The two types of springs
commonly used are leaf spring and coil spring. Torsion bars are made of long spring steel
rods. One end of the rod is connected to the frame, while the other end is connected to
the movable parts of the axles. As the axles move up and down, the rod is twisted and
acts as a spring. Shock absorbers are used to slow down the upward and downward
movement of the vehicle. This action occurs when the car goes over a rough road. The
axles and connecting linkages are those components that connect the springs, torsion
bars, and shock absorbers to the vehicle frame and to the wheels.

Electrical Equipment

The electrical equipment comprises mainly the battery, alternator, lights, instrumentation,
electrical devices and electronic control systems etc.

i
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New Words
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B X AL

torsion[ 'to;/on] n. B, % ], 8
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Phrases and Expressions

drive shaft 15 5 4h

running gear TARE ATHA

carbon monoxide — R AL

nitrogen oxide RELD

Notes

[1] Although the rotary engine now used on certain vehicles looks similar to the
reciprocating piston engine, internally there are many differences.
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Review Questions

1. What does an modern automobile consist of?

2. Do you know what differences there are between a rotary engine and a
reciprocating piston engine?

3. What systems or components are included in the automobile chassis?

4. What are the main functions of the braking system in an automobile?

5. Please list the main components that the suspension system on an automobile

includes.
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Lesson 2 Basics of Four-stroke Cycle Engine

The fundamental parts of the conventional engine are shown in simple diagrammatic
form in Fig. 2-1 which shows a cross-section through the cylinder, piston and connecting
rod of the engine. In the figure, a flywheel is mounted on the end of the crankshaft and
the crank is of the double-web type with a bearing on each side of the crank.

Cylinder. The ideal form consists of a plain cylindrical barrel in
which the piston slides, the movement of the piston or “stroke”
being, in some cases, somewhat longer than the bore, but tending
to equality or even less™ . This is known as the stroke: bore ratio.

The upper end consists of a combustion or“clearance” space in
which the ignition and combustion of the charge take place. In
practice it is necessary to depart from the ideal hemispherical shape

in order to accommodate the valves, sparking plug, etc., and to

control the process of combustion.
Piston. The usual form of piston for internal combustion

engines is an inverted bucket-shape, machined to a close (but free

Fig. 2-1

sliding) fit in the cylinder barrel. Gas tightness is secured by means
of flexible “piston rings” fitting closely in grooves turned in the upper part of the piston.

The pressure of the gases is transmitted to the upper end of the connecting rod
through the“gudgeon pin” on which the “small end” of the connecting rod is free to
swing.

Connecting Rod. The connecting rod transmits the piston load to the crank, causing
the latter to turn, thus converting the reciprocating motion of the piston into a rotary
motion of the crankshaft. The lower end, or “big end”, of the connecting rod turns on
the crank pin.

Crankshaft, In the great majority of internal combustion engines this is of the
double-web type, the crank pin, webs and shaft being usually formed from a solid
forging. The shaft turns in two or more main bearings (depending on the number and
arrangement of the cylinders) mounted in the main frame or “crankcase” of the engine.

Flywheel. At one end the crankshaft carries a heavy flywheel, the function of which
is to absorb the variations in impulse transmitted to the shaft by the gas and inertia loads
and to drive the pistons over the dead points and idle strokes'® . In motor vehicles the
flywheel usually forms one member of the clutch through which the power is transmitted
to the road wheels.

The foregoing are the fundamental and essential parts by which the power developed
by the combustion is caused to give rotation to the crankshaft, the mechanism described
being that of the single-acting engine, because a useful impulse is transmitted to the

crankshaft while the piston moves in one direction only™ .
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It is now necessary to describe the sequence of operations by which the combustible
charge is introduced, ignited and burned and finally discharged after it has completed its
work.

There are two important cycles or operations in practical use, namely, the “four-
stroke”, or “Otto” cycle as it is sometimes called (after the name of the German
engineer who first applied it in practice), and the “two-stroke”, or “Clerk” cycle, which
owed its early development largely to Sir Dugald Clerk. The cycles take their names
from the number of single piston strokes which are necessary to complete a single
sequence of operations, which is repeated continuously so long as the engine works.

The first named is by far the most widely adopted except for small motorcycle and
motor boat engines, and for large diesels, for though it leads to greater mechanical
complication in the engine, it shows higher thermal efficiency, and therefore greater
economy in fuel.

Fig. 2-2 shows in a diagrammatic manner a four-stroke engine cylinder provided with
two valves of the “mushroom” or “poppet” type. The cylinder is shown horizontal for

convenience.

Inlet ) L

e — | f
TEJ, i@—' <} 42T

Atmospheric pressure Wﬁ pressure

Suction pressur

©

|,._.

N\ ," ‘\\

Fig. 2-2
The inlet valve communicates through a throttle valve with the air filter, from
which air is drawn. The exhaust valve communicates with the silencer through which the
burnt gases are discharged to the atmosphere. These valves are opened and closed at

suitable intervals by mechanisms.
The four strokes of the complete cycle are shown at Fig.2-2a),b),c) and d).



Below the diagrams of the cylinder are shown the corresponding portions of what is
known as the indicator diagram, that is to say, a diagram which shows the variation of
pressure of the gases in the cylinder throughout the cycle. In practice such diagrams can
be automatically recorded when the engine is running by a piece of apparatus known as
an indicator, of which there are many types.

The four strokes of the cycle are as follows:

a) Induction stroke—exhaust valve closed, inlet valve open

The momentum imparted to the flywheel during previous cycles or rotation by hand
or by starter motor, causes the connecting rod to draw the piston outwards, setting up a
partial vacuum which sucks in a new charge of mixture from the intake manifold. The
pressure will be below atmospheric pressure by an amount which depends upon the speed
of the engine and the throttle opening.

b) Compression stroke—both valves closed

The piston returns, still driven by the momentum of the flywheel, and compresses
the charge into the combustion head of the cylinder. The pressure rises to an amount
which depends on the “compression ratio”, that is, the ratio of the full volume of the
cylinder when the piston is at the outer end of its stroke to the volume of the clearance
space when the piston is at the inner (or upper) end™. In ordinary petrol engines this
ratio is usually between 8 and 10 and the pressure at the end of compression is about 0.8
to 1.1 MPa, with full throttle opening.

¢) Combustion or working stroke—both valves closed

Just before the end of the compression stroke, ignition of the charge is effected by
means of an electric spark, and a rapid rise of temperature and pressure occurs inside the
cylinder Combustion is completed while the piston is practically at rest, and is followed
by the expansion of the hot gases as the piston moves outwards. The pressure of the gases
drives the piston forward and turns the crankshaft thus propelling the car against the
external resistances and restoring to the flywheel the momentum lost during: the idle
strokes. The pressure falls as the volume increases.

d) Exhaust stroke—inlet valve closed: exhaust valve open

The piston returns, again driven by the momentum of the flywheel, and discharges
the spent gases through the exhaust valve. The pressure will be slightly above
atmospheric pressure by an amount depending on the resistance to flow offered by the
exhaust valve and silencer.

It will thus be seen that there is only one working stroke for every four piston
strokes, or every two revolutions of the crankshaft, the remaining three strokes being
referred to as idle strokes, though they form an indispensable part of the cycle. This has
led engineers to search for a cycle which would reduce the proportion of idle strokes, the
various forms of the two-stroke engine being the result. The correspondingly larger
number of useful strokes per unit of time increases the power output relative to size of
engine, but increases thermal loading.
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