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Preface

This standard treatise titled as A Textbook of Automobile Engineering is intended
for the use of students of B.E./B.Tech. of all Indian and Foreign Universities. The subject
matter is presented in the most concise, to-the-point and lucid manner. The book contains
well-graded examples, most of which are taken from the recent examination papers of
Indian and Foreign Universities. In order to make the book more useful for the students,
Objective Type Questions with Answers are added, at the end of each chapter, which can
also be utilized for appearing in interviews and competitive examination. Infact, the book
can be really useful as a reference for the professinals working in automobile industry.

My sincere thanks are due to the management and the editorial team of S. Chand
& Company Pvt. Ltd., New Delhi, for taking their keen interest in bringing out the book
in a very short time.

Though utmost care has been taken to check mistakes, yet it is difficult to claim
perfection. The author will, therefore, acknowledge any errors, omissions and suggestions
for the improvement of the book and will be incorporated in the next edition.

Er. S.K. Gupta

Disclaimer : While the author of this book has made every effort to avoid any mistakes or omission and has used his skill,
expertise and knowledge to the best of their capacity to provide accurate and updated information, the author and S. Chand
do not give any representation or warranty with respect to the accuracy or completeness of the contents of this publication and
are selling this publication on the condition and understanding that they shall not be made liable in any manner whatsoever.
S.Chand and the author expressly disclaim all and any liability/responsibility to any person, whether a purchaser or reader of
this publication or not, in respect of anything and everything forming part of the contents of this publication. S. Chand shall
not be responsible for any errors, omissions or damages arising out of the use of the information contained in this publication.
Further, the appearance of the personal name, location, place and incidence, if any; in the illustrations used herein is purely
coincidental and work of imagination. Thus the same should in no manner be termed as defamatory to any individual.

(iii)



(v)



Contents

1. INTRODUCTION 1-27
1.1 Introduction 2
1.2 Classification of Automobiles 2
1.3 History of Automobiles 3
1.4 Basic Terms Used in Vehicle Dimensions 4
1.5 Working of a Vehicle 5
1.6 Main Components of the Automobile 6
1.7 Basic Frame Structure 6
1.8 Engine or Power Unit 8
1.9 Transmission System 8

1.10  Automatic Transmission 10
111 Auxiliaries 10
1.12  Controls 1
1.13 Types of Drive in Automobiles 12
1.14 Left Hand and Right Hand Drive Vehicles 14
1.15 Shape of a Vehicle 14
1.16 Transportation Vehicles 15
1.17 Fundamentals of Automotive Body Material 15
1.18 Characteristics of Steel Sheet 16
1.19 Heat Treatment of Metals 16
1.20 Steel Sheet Bending 17
1.21  Safety Glass 19
1.22  Seats 20
1.23  Improved Safety in Automobiles 20
1.24 Improvement Methods in Driver’s Visibility 22
1.25 Aerodynamic Considerations in Body 22
1.26  Painting of Automobiles 23
1.27 Painting Process on Production Line 23
1.28 Composition of Paint 24

2. PERFORMANCE OF AUTOMOBILES 28-43
2.1 Introduction 29
2.2 Newton’s Laws of Motion 29
2.3 Mass and Weight 29
2.4 Force 30
2.5 Absolute and Gravitational Units of Force 30
2.6 Indicated Power 31
2.7 Brake Power 31
2.8 Frictional Power 31
2.9 Mechanical Efficiency 31

2.10 Taxable Power (or SAE Power) 32

)



2.1
212
213
214
215
2.16
217

Power and Torque Curves
Resistances to a Moving Vehicle
Rolling Resistance

Wind or Air Resistance

Gradient Resistance

Total Resistance

Power Required to Propel a Vehicle

3. SUSPENSION SYSTEM

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9
3.10
3.1
3.12
3.13
3.14
3.15
3.16
3.7
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34

Introduction

Baslc Requirements of a Suspension System
Sprung and Unsprung Weight

Springs

Leaf Springs

Types of Leaf Springs

Helper Springs

Tapered Leaf Springs

Coil Springs

Torsion Bar

Rubber Torsion Unit

Shock Absorber

Types of Shock Absorbers

Mechanical Shock Absorbers

Hydraulic Shock Absorbers

Principle of Shock Absorber

Telescopic Shock Absorber

Cavitation

Cam Actuated Piston Type Hydraulic Shock Absorber
Rotary Vane Type Hydraulic Shock Absorber
Stabilizer

Types of Suspension System

Advantages and Disadvantages of Independent Suspension System
Axle Beam (Rigid Axle Suspension System)
Double Wishbone Suspension

MacPherson Strut Suspension

Vertical Guide Suspension

Trailing Link Type Independent Suspension
Swinging Half Axle Suspension

Air Suspension

Basic Suspension Movements

Roll Centre Height

Anti-Dive and Anti-Squat

Inspection of Suspension System

4. TYRE AND WHEEL

4.1
4.2
4.3
4.4

Introduction

Basic Construction of a Tyre
Tyre Dimensions
Classification of Tyres

(vi)

32
34
34
34
34
35
36

44-70

45
46
46
47
47
48
49
49
50
51
51
51
52
52
52
52
53
55
55
57
57
58
59
60
60
61
62
62
63
63
64
65
66
67

71-94

72
72
73
74



4.5

4.6

4.7

4.8

4.9
410
4.1
412
413
4.14
415
416
417
418
419
4.20
4.21
4.22
4.23
4.24
4.25
4.26

Advantages and Disadvantages of Radial Ply Tyres Over Cross Ply Tyres
Tyre Size Designation

Tubeless Tyres

Load Index

Speed Symbol

Tread Wear Indicators

Uneven Tyre Wear

Inflation Pressure

Bleeding

Tyre Rotation

Standing Wave

Hydroplaning

Tyre Sealant

Different Types of Tyre Damages
Wheel

Wire wheel

Steel Disc wheel

Alloy Wheel

Wheel Dimensions

Wheel Designation

Wheel Rim Run-out and Eccentricity
Wheel Balancing

5. STEERING SYSTEM

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
511
512
5.13
5.14
5.15
5.16
5.17
518
5.19
5.20
5.21
5.22
5.23
5.24
5.25

Introduction

Important Terms Used in Steering
Principle of Correct Steering
Steering Mechanism

Davis Steering Mechanism
Ackerman Steering Mechanism
Steering Wheel

Steering Column and Shaft
Steering Gearbox

Steering Arm

Drag Link

Stub Axle

Tie Rod

Steering Knuckle

Steering Linkages

Steering Gear Ratio

Reversible and Irreversible Steering
Centre Point Steering

Power Steering System

Hydraulic Power Steering System
Linkage Type Hydraulic Power Steering System
Integral Type Hydraulic Power Steering System
Power Steering Pump

Electronic Power Steering

Wheel Alignment

(vii)

75
77
78
78
80
80
81
81
82
82
83
84
84
85
87
87
87
89
90
90
90
91

925-130

96
97
97
100
100
102
104
104
105
108
108
108
109
109
110
m
12
12
12
13
114
15
17
119
120



5.26
5.27
5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35
5.36

Camber

Toe-in

Steering Axis Inclination (King Pin Inclination)
Caster

Effects of Incorrect Alignment

Steering Turning Angle and Turning Radius
Scrub Radius

Cornering Force

Self-Aligning Torque

Under-steer and Over-steer

Inspection of Steering System

6. BRAKING SYSTEM

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30
6.31
6.32
6.33
6.34
6.35
6.36

Introduction

Principle of Brake Operation

Factors Governing Braking

Braking Force

Maximum Retardation Point

Weight Transfer During Braking

Stopping Distance

Braking Efficiency

Braking of a Vehicle

Classification of Brakes

Drum Brakes

Leading Shoe and Trailing Shoe

Types of Drum Brakes

Brake Shoes

Brake Lining

Brake Lining Materials (Friction Materials)
Backing Plate

Brake Springs

Brake Drums

Self-Adjuster Mechanism

Forces on Internal Expanding Drum Brakes
Braking Torques on Internal Expanding Drum Brakes
Disc Brakes

Caliper

Brake Disc

Brake Pads

Pad Wear Indicator

Pad-to-Disc Clearance Adjustment

Brake Fade

Advantages and Disadvantages of Disc Brakes Over Drum Brakes
Mechanical Brakes

Parking Brake

Hydraulic Brakes

Master Cylinder

Single Master Cylinder

Tandem Master Cylinder

(viii)

120
121
121
122
122
123
123
124
125
125
126

131-182

132
132
133
134
134
134
135
136
137
143
143
144
145
146
147
147
148
148
148
149
150
150
153
155
156
156
157
157
158
158
158
159
160
160
161
163



6.37
6.38
6.39
6.40
6.41
6.42
6.43
6.44
6.45
6.46
6.47
6.48
6.49
6.50
6.51
6.52

Proportioning Control Valve (PCV)
Wheel Cylinder (Slave Cylinder)
Brake Fluid

Brake Fluid Grades

Bleeding of Hydraulic Brakes

Advantages and Disadvantages of Hydraulic Brakes

Power Brakes

Vacuum Boosters

Hydraulic Boosters

Air Brakes

Main Parts of an Air Brake

Advantages and Disadvantages of Air Brakes
Electric Brakes

Engine Exhaust Brakes

Antilock Brake System

Operation of Antilock Brake System

7. ELECTRICAL FUNDAMENTALS

71

72

73

7.4

7.5

7.6

7.7

7.8

7.9
710
7.1
712
713
714
715
716
717
718
719
7.20
7.21
7.22
7.23
724
7.25
7.26
7.27
7.28
7.29
7.30
731

Introduction

Atomic Structure

Conductors, Insulators and Semiconductors
Electricity

Basic Terms Used in Electricity
Ohm’s Law

Electric Power and Work
Types of Electricity
Fundamentals of Electrical Circuits
Symbols Used in Electric Circuits
Types of Electric Circuits
Magnetism Principles
Magnetic Induction

Switches

Relay

Solenoid

Buzzer

Resistors

Capacitor

Semiconductors

Diodes

Transistor

Transistor Amplifiers
Integrated Circuits

Circuit Protection Devices
Automotive Wring

Wiring Harnesses

Colour Coding of Wires
Terminal and Connectors
Printed Circuit Board

Ground Terminals

(ix)

164
165
166
167
167
168
169
169
171
172
173
175
175
175
176
177

183-220

184
185
185
186
186
187
188
188
189
190
191
193
194
195
196
197
197
198
200
201
201
203
206
207
208
209
210
21
21
213
213



7.32
7.33
7.34
7.35

Multiplex Wiring Control System
Classes of Communication Standard
Controller Area Network (CAN)
Circuit Defects

8. BATTERY

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.1
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21
8.22
8.23
8.24
8.25
8.26

Introduction

Types of Batteries

Construction of Battery

Specific Gravity of Electrolyte

Freezing of Electrolyte

Principle of Battery

Working of Battery

Advantages and Disadvantages of Standard Batteries
Maintenance-Free Batteries

Advantages and Disadvantages of Maintenance-Free Batteries
Battery Voltage Rating

Battery Capacity Ratings

Battery Efficiency

Battery State-of-Charge Test

Specific Gravity Test

Open Circuit Voltage Test

High Discharge Test

Cadmium Test

Battery Charging

Factors Affecting Charging

Dry Charged Batteries

Overcharging and its Effects

Symptoms of Problems Caused by the Battery
Inspection of Battery

Precautions for Inspection of Battery

Service Life of Battery

9. CHARGING SYSTEM

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.1
9.12
9.13
9.14
9.15

Introduction

Types of Generators

Fleming’s Right Hand Rule

Principle of Operation of Direct Current (DC) Generator
Construction of Direct Current (DC) Generator
Working of Direct Current (DC) Generator
Regulation of Direct Current (DC) Generator
Three or Third Brush Generators

Cut-out Relay

Regulators for Direct Current (DC) Generator
Voltage Regulator

Current Regulator

Temperature Compensation

Alternator (AC Generator)

Principle of Operation of Alternator

)

214
215
215
217

221-242

222
223
223
225
225
226
227
228
229
230
231
231
231
232
232
233
234
234
235
236
236
236
237
237
238
239

243-271

244
245
245
245
247
247
248
248
249
250
250
251
251
251
252



9.16
9.17
9.18
9.19
9.20
9.21
9.22
9.23
9.24
9.25
9.26
9.27
9.28

Methods of Increasing Alternator Voltage
Construction of Alternator

Alternator (AC Generator) Operation

Changing Alternating Current into Direct Current
Alternator Current and Power Characteristics
Voltage Regulator in Alternator

Types of Voltage Regulators

Integrated Circuit Regulator

Advantages of an Alternator over DC Generator
Charging Indicator

Inspection of Charging System

Alternator Output Test

Voltage Drop Tests

10. STARTING SYSTEM

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13
10.14
10.15
10.16

Introduction

Fleming’s Left Hand Rule

Working Principle of Starter Motor
Types of Starter Motor

Construction of Starter Motor

Motor Unit

Types of Electrical Circuits in Starter Motors
Working of Motor Unit

Drive Unit

Inertia drive

Over-running Clutch Drive

Starter Solenoid

Operation of Solenoid (Starter Motor)
Starting Safety Switch

Inspection of Starting System

Current Draw Test

11. LIGHTING SYSTEM AND ACCESSORIES

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
11.10
1.1
11.12
11.13
11.14
11.15
1.16

Introduction

Lighting System

Bulb (Lamp)

Headlights

Main (High) Beam and Dipped (Low) Beam Headlight Requirements
Pre-focus Bulb Headlight

New Technologies in Headlight

Fog Lights

Aiming of Headlights

Lighting Switches

Indicating Lights

Inspection of Lighting System

Turn Indicators

Hazard Indicator

Horn

Construction and Working of an Electric Horn

(x7)

253
254
257
258
259
260
261
262
264
264
265
267
268

272-290

273
274
275
276
277
278
279
280
280
281
283
284
285
286
286
288

291-313

292
293
293
294
295
296
297
298
298
299
300
301
302
303
303
304



1.7
11.18
11.19
11.20
.21
11.22
11.23
11.24
11.25
1.26
11.26
11.28
1.29

12. AIR-CONDITIONING, HEATING AND VENTILATION SYSTEMS

121
12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9
12.10
12.1
1212
1213
12.14
12.15
12.16
12.17
1218
12.19
12.20
12.21
12.22
12.23
12.24

Speedometer and Odometer
Tachometer

Windshield Wiper System
Windshield Washer System
Fuel Gauge

Coolant Temperature Gauge
Mirrors

Sunvisor

Power Windows

Central Locking

Sunroof

Roof Carrier

Lockable Tank Cap

Introduction

Principle of Air-Conditioning

Refrigerant

Air-Conditioning Cycle

Components of Air-Conditioning System
Compressor

Other Important Parts of Compressor
Condenser

Receiver and Drier

Expansion Valve

Evaporator

Thermostat

Dual Pressure Switch

Pipes and Hoses

Heating System

Principle of Heating

Construction of a Heating System
Operation of Heating Control System
Manual and Automatic Type Air-Conditioner
Function of the Automatic Air-Conditioner
Input Sensors in an Automatic Type of Air-Conditioner
Air-conditioning Electrical System

Service Tools

Inspection of Air-Conditioning System

13. 1.C. ENGINES (FUNDAMENTALS AND COMPONENTS)

13.1
13.2

13.3
13.4
13.5
13.6
13.7
13.8

Introduction

Comparison of Internal Combustion Engines and External
Combustion Engines

Basic Engine Systems

Classification of Internal Combustion Engines

Important Terms Used in I.C. Engines

Main Components of I.C. Engines

Cylinder Block

Cylinder Sleeves

(xii)

306
308
308
309
310
31
311
311
312
312
312
312
312

314-343
315
315
315
316
317
318
322
322
323
324
326
326
327
327
328
328
329
333
333
334
334
335
336
338

344-383
345

345
346
346
350
352
353
355



13.9
13.10
13.11
13.12
13.13
13.14
13.15
13.16
13.17
13.18
13.19
13.20
13.21
13.22
13.23
13.24
13.25
13.26
13.27
13.28
13.29
13.30
13.31
13.32
13.33
13.34
13.35

Cylinder Bore Surface (Honing)
Cylinder Head

Cylinder Head Gasket

Oil Pan (Oil Sump)

Manifolds

Piston

Construction of Piston
Different Types of pistons
Piston Rings

Types of Compression Rings
Piston Ring Abnormalities
Piston Pin (or Gudgeon Pin)
Connecting Rod

Crankshaft

Crankshaft Bearings

Balancer Shaft

Flywheel

Camshaft

Valve Mechanism

Rocker Arms

Intake and Exhaust Valves
Sodium Cooled Valves

Valve Springs

Valve Clearance

Timing Gears or Sprockets and Chains
Engine Mountings

Material and Types of Engine Mountings

14. COMBUSTION AND COMBUSTION CHAMBERS

141
14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9
14.10
14.11
14.12
1413
14.14
14.15
14.16
14.17
14.18
14.19
14.20
14.21

Introduction

Important Terms Used in Combustion

Combustion in Spark Ignition (S.I.) Engines (Petrol Engines)
Knocking in Spark Ignition (S.1.) Engines

Factors Affecting Knocking (Detonation)

Effects and Control of Detonation

Highest Useful Compression Ratio (HUCR)

Octane Number

Methods of Finding Octane Number

Road Octane Number

Combustion Chamber Design Requirements

Swirl Ratio

Surface to Volume Ratio for Combustion Chamber

Combustion Chamber Shapes in Modern Spark Ignition (S.l.) Engines
Combustion in Compression Ignition (C.I.) Engines (Diesel Engine)

Combustion Process in Diesel Engine
Diesel Knock

Cetane Number

Diesel Index

Comparison between Knocking in S.I. Engines and C.l. Engines
Types of Combustion Chambers in Compression Ignition (C.I.) Engines

(xiii)

356
357
358
358
359
359
360
361
362
363
364
365
366
367
368
369
372
373
374
375
375
377
377
378
378
378
379

384-403
385
385
386
387
388
388
389
389
389
390
390
392
392
393
395
395
397
398
398
398
399



15. WORKING AND TESTING OF I.C. ENGINES

151
15.2
15.3

15.4
15.5
15.6
15.7
15.8
15.9
15.10
15.11
15.12
15.13
15.14
15.15
15.16
15.17
15.18
15.19
15.20
15.21

15.22
15.23
15.24
15.25
15.26
15.27
15.28
15.29
15.30
15.31

Introduction

Sequence of Operations in a Cycle

Advantages and Disadvantages of Two-Stroke over Four-Stroke
Cycle Engines

Valve Timing Diagrams

Four-Stroke Cycle Petrol Engine

Actual Indicator Diagram for a Four-Stroke Cycle Petrol Engine
Valve Timing Diagram for a Four-Stroke Cycle Petrol Engine
Four-Stroke Cycle Diesel Engine

Actual Indicator Diagram for a Four-Stroke Cycle Diesel Engine
Valve Timing Diagram for a Four-Stroke Cycle Diesel Engine
Two-stroke Cycle Petrol Engine

Actual Indicator Diagram for a Two-Stroke Cycle Petrol Engine
Valve Timing Diagram for a Two-Stroke Cycle Petrol Engine
Two-Stroke Cycle Diesel Engine

Actual Indicator Diagram for a Two-Stroke Cycle Diesel Engine
Valve Timing Diagram for a Two-Stroke Cycle Diesel Engine
Scavenging of I.C. Engines

Types of Scavenging

Comparison of Petrol and Diesel Engines

Comparison Between Four-Stroke Engine and Two- Stroke Engine
Comparison Between Four-Stroke Single Cylinder Engine

and Multi-Cylinder Engine

Advantages and Disadvantages of Diesel Engine

Power Overlap

Engine Balancing

Firing Order

In-line Engines

Horizontally Opposed Engines

V-shape Engines

Wankel Engine

Working of Wankel Engine

Efficiencies of I.C. Engines

16. COOLING SYSTEM

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
16.10
16.11
16.12
16.13

Introduction

Types of Cooling System

Air Cooling System

Advantages and Disadvantages of Air Cooling System
Water Cooling System

Thermosyphon System

Pump Circulation System
Components of Water Cooling System
Radiator

Types of Radiator

Radiator Cap

Reservoir

Thermostat

(xiv)

404-433

405
405

406
407
408
409
409
410
411
412
412
413
414
415
415
416
417
417
418
419

419
420
420
422
423
423
426
426
428
429
430

434-458

435
436
436
436
437
437
438
439
440
440
442
443
443



A Textbook Of Automobile Engineering

A Textbook of

Automobile
Engineering

For the Students of B.E | B. etk of All Techaical Univeristios

Publisher : SChand Publications ISBN : 9789383746910 Author : A K Gupta

Type the URL : http://www.kopykitab.com/product/10791

W Get this eBook



http://www.kopykitab.com/A-Textbook-Of-Automobile-Engineering-by-A-K-Gupta

	A Textbook Of Automobile Engineering

