N1

Motor Trade Theory

LOUIS OOSTHUIZEN
JOHAN VAN ANTWERPEN

9781485717409_ntd_mth_n1_stb_eng_za.indb 1

2020/05/24 11:53 AM

Pearson South Africa (Pty) Ltd
4th floor, Auto Atlantic Building,
Corner of Hertzog Boulevard and Heerengracht,
Cape Town, 8001
za.pearson.com
© Pearson South Africa (Pty) Ltd
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the copyright holder.
Every effort has been made to trace the copyright holders of material produced in this title. We
would like to apologise for any infringement of copyright so caused, and copyright holders are
requested to contact the publishers in order to rectify the matter.
First published in 2020
ISBN 9781485717409 (print)
ISBN 9781485718185 (epdf)
Publisher: Amelia van Reenen
Managing editor: Ulla Schüler
Editor: Russel Brownlee
Proofreader:
Artwork: James Whitelaw
Book design: Pearson Media Hub
Cover design: Pearson Media Hub
Cover artwork: KBL Studio. Shutterstock
Typesetting: Ingrid Richards
Printed by xxxx printers, [city]
Acknowledgements:

9781485717409_ntd_mth_n1_stb_eng_za.indb 2

2020/05/24 11:53 AM

Contents
Module 1: Induction and safety in the workplace
Unit 1

Housekeeping .......................................................................... 2

Unit 2

Accidents and incidents .......................................................... 5

Unit 3

Signage ................................................................................... 8

Unit 4

Occupational Health and Safety act (OHS) .......................... 14

Unit 5

Personal protective equipment ............................................ 18

Module 2: Hand tools and precision measuring
equipment
Unit 1

Hand tools .............................................................................. 23

Unit 2

Precision measuring equipment .......................................... 37

Unit 3

Tools and electrical equipment............................................. 56

Unit 4

Lifting equipment ................................................................. 64

Module 3: Terminology and engine layout
Unit 1

Engine components ............................................................... 70

Unit 2

Engine layout ......................................................................... 93

Module 4: Fundamentals of engine operations
Unit 1

Engine cycles ........................................................................ 101

Module 5: Computer-based vehicle specifications
Unit 1

Introduction to computers .................................................. 109

Unit 2

Internet ................................................................................ 119

Unit 3

Printer .................................................................................. 122

9781485717409_ntd_mth_n1_stb_eng_za.indb 3

2020/05/24 11:53 AM

Module 6: Turbochargers, superchargers and
exhaust systems
Unit 1

Turbochargers and superchargers ...................................... 129

Unit 2

Exhaust systems ................................................................... 133

Module 7: Engine lubrication and general
servicing
Unit 1

Introduction to lubrication ................................................. 139

Unit 2

Engine lubrication systems ................................................. 143

Unit 3

Oil control ............................................................................ 150

Module 8: Cooling systems
Unit 1

Introduction to cooling systems ......................................... 157

Unit 2

Parts of the cooling system ................................................. 160

Module 9: Wheel assemblies
Unit 1

Introduction to wheel assemblies ...................................... 168

Module 10: Batteries
Unit 1

Introduction to batteries .................................................... 180

Module 11: Introduction to hybrid and electric
powered vehicles
Unit 1

Introduction to hybrid systems ........................................... 191

Unit 2

Introduction to electric-powered vehicles ......................... 194

Glossary

9781485717409_ntd_mth_n1_stb_eng_za.indb 4

............................................................................................ 198

2020/05/24 11:53 AM

Module

4

Fundamentals of
engine operations
What is covered?
Internal combustion engines can be classified into four-stroke and twostroke diesel and petrol engines. This module looks at how these engines
work and examines the differences between them.

Learning outcomes
After studying this module, you should be able to:
Unit 1
■
■
■
■
■

Explain the operation of the four-stroke and two-stroke
petrol engine
Explain the operation of the four-stroke and two-stroke
diesel engine
Draw and label four-stroke and two-stroke petrol engines
Draw and label four-stroke and two-stroke diesel engines
Explain the differences between the petrol and diesel engines
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Unit 1: Engine cycles

LEARNING OUTCOMES
■
■
■
■
■

Explain the operation of the four-stroke and two-stroke petrol engine
Explain the operation of the four-stroke and two-stroke diesel engine
Draw and label four-stroke and two-stroke petrol engines
Draw and label four-stroke and two-stroke diesel engines
Explain the differences between the petrol and diesel engines

Introduction
Keyword
Vapour Matter that is
suspended or floating
in the air

The engine is the source of power for the vehicle. An energy source, the fuel, is
burned inside the engine to produce heat. The heat causes expansion of the fuel
vapour or gasses in the engine combustion chambers and cylinders. This expansion
creates pressure which pushes on pistons in the engine, creating movement. Two main
types of fuel are used – petrol and diesel. And there are two main engine types – twostroke and four-stroke. This gives rise to four different engine design combinations:
■

four-stroke petrol

■

two-stroke petrol

■

four-stroke diesel

■

two-stroke diesel

Explain the operation of the four-stroke and
two-stroke petrol engine
Four stroke petrol engine
The most usual kind of internal combustion engine consists of a series of cylinders.
Inside the cylinders are tightly fitting pistons which move up and down. This up and
down movement is caused by the explosion of highly flammable petrol vapour in the
enclosed space above the piston. After being fed into the cylinder through a valve,
the petrol vapour is compressed by the rising piston. Burning is started by a carefully
timed electrical spark. As the vapour burns, heat is produced and the heated gas
expands and drives the piston downwards. Valves then let the exhaust gas out of the
cylinder through ports.
Most internal combustion engines in use today use the four-stroke sequence. A
four-stroke engine uses four piston strokes to complete one operating cycle. Each
stroke has a different function:

100

■

intake

■

compression

■

power

■

exhaust.
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1. Inlet stroke

2. Compression stroke

As the piston moves down, a vacuum is created
in the chamber, which lets the mixture of petrol
vapour and air in through the open inlet valve.

When the piston moves upwards, both valves
close and the air-fuel mixture is compressed.

Module 4

The four-stroke cycle is shown in this series of figures.

inlet valve

Figure 4.2 Compression stroke
Figure 4.1 Inlet stroke

3. Power stroke

4. Exhaust stroke

As the piston reaches close to top dead centre,
the spark plug ignites the mixture. The pressure
in the cylinder increases and forces the piston
downwards.

As the piston moves upwards again, the exhaust
valve opens and the spent mixture is forced
through the valve, clearing the chamber.

exhaust valve

Figure 4.3 Power stroke

Figure 4.4 Exhaust stroke

Unit 1: Engine cycles
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Two-stroke petrol engine

Keyword
Ports Openings

Engines used in motorcycles, lawnmowers, and small boats use the two-stroke
sequence. There are usually no valves to control the fuel input and exhaust output.
The piston itself acts as a valve, covering and uncovering the ports as it moves up
and down.
Two-stroke engines are relatively cheap to manufacture but they are fairly
inefficient in converting fuel into the energy of movement. For this reason, larger
engines work on the four-stroke sequence.

The following figures show the two-stroke petrol cycle.

1. Power stroke
1
2
3

The exhaust port is covered by the
upward-moving piston.
The air-fuel mixture in the chamber is
ignited by the spark plug.
The inlet port opens and the crank is
filled with the mixture.

air-fuel
mixture

inlet port

spark

transfer port

crank case

Figure 4.5 Power stroke

2. Exhaust stroke
1
2
3

The exhaust port is uncovered by the
downward moving piston.
The mixture in the transfer port is
forced into the cylinder.
The exhaust gases are forced out of the
cylinder by the mixture.

exhaust
gases

exhaust port

mixture enters
and drives out
exhaust gases

Figure 4.6 Exhaust stroke
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Four-stroke diesel engine
Petrol and diesel engines both convert fuel into energy through combustion. The
main difference between the two engine types is the way the combustion happens.
In a petrol engine, fuel is mixed with air and is then compressed and ignited by the
spark plugs. In a diesel engine, air is compressed first and then the fuel is forced into
the cylinder through injectors. The compressed air is hot enough to ignite the diesel
fuel, so no spark plug is required.
Diesel engines are more expensive to produce because they have to compress
the air to about twice the pressure of that in a petrol engine and so require a more
robust construction. However, diesel engines tend to last longer.
This sequence of figures shows the four-stroke diesel cycle.

1. Induction stroke

2. Compression stroke

The piston is moving downwards creating a partial vacuum in
the cylinder. Pure air is forced through the open inlet port by
atmospheric pressure.

The piston moves up and both valves are
closed. Air in the cylinder is compressed and
the temperature rises.

injector

air enters
through
open inlet
port

Figure 4.7 Induction stroke

Figure 4.8 Compression stroke

Unit 1: Engine cycles

9781485717409_ntd_mth_n1_stb_eng_za.indb 103

103

2020/05/24 11:54 AM

3. Power stroke

4. Exhaust stroke

Just before the piston reaches top dead centre, the injector
sprays diesel oil under pressure into the cylinder. Both ports
are still closed. The diesel mixes with the hot air and ignites,
forcing the piston downwards.

The exhaust port opens and the upwardmoving piston forces the burnt gases out of the
cylinder.

diesel
sprayed
into cylinder
by injector

Figure 4.10 Exhaust stroke

Figure 4.9 Power stroke

Two-stroke diesel engine
Low-speed engine
These figures show the cycle for a low-speed two-stroke diesel engine

1. Induction/exhaust

2. Compression/power

The blower supplies compressed air into the cylinder at
relatively low pressure. The inlet port is open. Because of
high cylinder pressure, most of the spent gas is blown out of
the open exhaust port. At the same time, the air blows out
the remaining spent gases.

The air in the cylinder is compressed by the
upward moving piston. As the air compresses it
heats up. Just before top dead centre, the injector
sprays diesel into the cylinder. The fuel is ignited
by the hot air, causing an explosion that forces the
piston downwards.

air

injector
diesel injected
exhaust gas

blower

Figure 4.11 Induction/exhaust stroke
Figure 4.12 Compression/power stroke
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High-speed engine
These figures show the cycle for a high-speed two-stroke diesel engine.

1. Induction/exhaust stroke

2. Compression stroke

Air enters the combustion chamber through the
open port.

Air is compressed by the upward moving piston
because the exhaust valve and ports are closed.

Figure 4.13 Induction/exhaust stroke

Figure 4.14 Compression stroke

3. Power stroke

4. Beginning of exhaust stroke

The injector discharges fuel into the chamber.

The exhaust valve opens and the cylinder is
about to be swept with clean, scavenging air.

Figure 4.15 Power stroke
Figure 4.16 Beginning of exhaust stroke
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Draw and label four-stroke and two-stroke
petrol engines
You were introduced to the basic operating cycles of petrol engines earlier in this
unit. Now practise your knowledge by doing this Activity.
ACTIVITY 4.1

Petrol engines

1. Draw and label a four-stroke petrol engine during the intake stroke and indicate
the direction of the piston.
2. Draw and label a two-stroke petrol engine during the power stroke and indicate
the direction of the piston.

Draw and label four-stroke and two-stroke
diesel engines
You were introduced to the basic operating cycles of diesel engines earlier in this unit. Now
practise your knowledge by doing this Activity.
ACTIVITY 4.2

Diesel engines

1. Draw and label a four-stroke diesel engine during its exhaust stroke and indicate
the direction of the piston.
2. Draw and label a two-stroke diesel engine during its induction stroke and indicate
the direction of the piston.

Explain the differences between the petrol and
diesel engines
The main differences between petrol and diesel engines concern the method of
ignition, the degree of compression required on the compression stroke, and the fuel
delivery method. See Table 4.1 for a detailed comparison.
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Table 4.1 Differences between petrol and diesel engines
Petrol engines

Diesel engines

Petrol engines use carburettors to control and deliver fuel.

Diesel engines use an injector pump to control and
deliver fuel.

As part of the ignition system, a petrol engine uses spark
plugs.

The diesel engine uses a fuel injector as part of the
ignition system.

The combustion chamber is large compared to the
diesel engine.

The combustion chamber is small compared to that of the
petrol engine.

The accelerator butterfly in the carburettor of the petrol
engine is directly connected to the accelerator pedal.

The diesel engine is equipped with an engine governor.

Petrol engine components tend to be lighter than those in
diesel engines.

Diesel engine components tend to be heavier and stronger
than those in petrol engines.

During the induction stroke, the petrol engine takes in a
mixture of fuel and air.

During the induction stroke, the diesel engine takes in clean
air only.

During the compression stroke, the air and fuel mixture is
compressed.

During the compression stroke, only air is compressed.

Combustion takes place by means of a spark over the
electrodes of the spark plug.

Combustion takes place when diesel fuel is injected into the
compressed hot air.

ACTIVITY 4.3

Petrol engines vs diesel engines

In your own words, explain the difference between petrol and diesel engines.
Do this as a short writing exercise or as a discussion in pairs.

Module summary
■
■
■

A four-stroke engine uses four piston strokes to complete one operating
cycle.
Engines used in motorcycles, lawnmowers, and small boats use the twostroke sequence.
The main differences between petrol and diesel engines concern
the method of ignition, the degree of compression required on the
compression stroke, and the fuel delivery method.

Exam practice questions
1.

Make a large, neat sectional sketch of a four-stroke diesel engine during
power stroke. Name all the parts of the engine and indicate the direction of
piston travel.
(5)

2.

Explain in detail the compression stroke of the four-stroke petrol engine.
In your explanation, refer to the position of the pistons, valves and
characteristics of the mixture charge and direction of piston movement.

(8)

State the four strokes of an engine and what happens during each stroke.

(8)

3.

Total: 30 marks
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