¥F Automobile Engineering (GTU) 1 Table of Contents

Chapter 1: Introduction To Automotive System 21 Vehicle Load 2-2
1110125 | 5, Load on Vehicle Body 2-2
Automobile classification and specification : Automobile 2.2.1 Static or Steady Load 2-3
chassis:  General layout, types of layout and its 2.2.2 Bending Load 2-3
arrangement, Body construction type and Materials, 2923 Torsion Load 2.3
Functional requirements of vehicle body, Body trim and
- 224 Combined Bending and Torsion ... 2-4
fittings.
2.2.5 Unsymmetrical Loading 2-4
1.1 Development of Automobile 1-2
2.2.6 Lateral Loading 2-4
1.2 Specifying an Automobile 1-5
2.2.7 Force or aft Load (Shock Load) ....cereseseenns 2-4
1.3 Automobile chassis : General layout.........cccuuu... 1-7
2.3 Forces acting on Vehicle in Motion.........cceuseueee 2-5
1.4 Types of Vehicle Layout and its
2.4 Transmission efficiency 2-10
Arrangement 1-11
2.5 Factors affecting Vehicle Loads........cccouenuninsennnns 2-11
14.1 Front Engine Rear Wheel Drive .......ccoveernmeceerennnn. 1-12
2.6 Tractive force with uniform speed and
1.4.2 Rear Engine Rear Wheel Drive......reennnn 1-13
acceleration of vehicle 2-12
143 Front Engine Front Wheel Drive........c.ocneceerennnn. 1-14
2.7 Traction characteristic 2-14
1.4.3.1 Comparison between Front Engine
Front Wheel Drive and Front Engine 2.8 Dynamic factor 2-16
Rear Wheel Drive 1-15 2.9 Weight transfer due to various resistance
1.4.4  Front Engine Four Wheel DIive ....oummmsssessnnn 1-16 acting on a vehicle in MOtioN. cicenssssssssnsens 2-17
1.4.5 Rear Engine, all Wheel Drive 1-17 2.9.1 Transfer of weight or Load Due to Acceleration
1.4.6  Mid-engine, Rear Wheel DIive......mmeemsssessenn 1-18 and Braking 2-18
1.5 Vehicle Body Construction TYPe.......ceeees 1-19 | 29.2  Stability of a vehicle in motion around
1.5.1 Car Body Construction 1-20 the (banked) curve Track 2-20
1.6 Materials for Body Construction.......s: 1-21 2.9.3 Stability of Vehicle Taking a Turn ... 2-21
1.7 Functional Requirements of Vehicle Body...... 1-22 Chapter 3: Power Transmission Systems 3-1 to 3-68
171 Pre Requirement of Bady 1-22 Clutch : Constructional features and working of single
1.7.2 Vehicle Body Design Considerations ... 1-22 plate, multi plate, semi centrifugal and centrifugal
18 Body Trim and Fittings 1-23 clutch, Calculation of Surface Area and Number of
Driving and Driven Plates.
Chapter 2: Road Load Analysis 2-1 to 2-26

Transmission Gear Box : sliding mesh, constant mesh,

. . . . . synchromesh gear boxes and four wheel drive.
Vehicle Loads : Forces acting on vehicle in motion, y 9

Transmission efficiency, Factors affecting it, Rolling Propeller shaft and drive shaft : Propeller shaft,

resistance, Grade resistance, tractive force with uniform universal joints, Hotchkiss and Torque tube drives, Front

speed and with acceleration of vehicle, Traction drive shaft types and its construction and working,

characteristic. Dynamic factor, weight transfer due to differential gear box, rear axle, Automatic Transmission
. . . S . . and CVT. Faults and diagnosis of power transmission
various resistance acting on a vehicle in motion. Stability

system.

of a vehicle in motion around the curve

o= TechKnowledge
< .

ublications



¥F Automobile Engineering (GTU) 2 Table of Contents

3.1 Introduction to Transmission 3-2 3.10.4 Differences in a Constant Mesh and
311 Purpose of a Transmission SyStem.......ceeensnees 3-2 Synchromesh Gear Box 3-32
3.2 Automobile Clutch 3-2 3.10.5 Transfer Case (four wheel drive) ...ceesnsnnees 3-32
3.21 Definition and Necessity for a Clutch ........ccemreennnees 3-2 3.11 Introduction to Propeller Shaft..........ccceuvnsuueees 3-39
3.2.2 Requirements of Clutch 3-3 3.11.1  Functions of the Propeller Shaft........nnnens 3-39
3.23 Working Principle of Clutch 3-3 3.11.2  Construction and Working of Propeller Shaft.......3-39
3.24 Classification of Clutch 3-3 3.11.3  Types of Propeller Shaft 3-40
3.25 Functions of Clutch 3-4 3.11.4  Whirling of Propeller Shaft 3-41
3.2.6 Clutch Free Pedal Play 3-4 3.12 Universal Joint (Hooke’s Joint) .....cummmmssenass 3-42
3.2.7 Design Consideration of Friction Clutch .......oeceeees 3-5 3.12.1 Classification of Universal Joint ... 3-43
3.2.8 Selection of Clutch 3-5 3.12.1.1 Variable Velocity Joints 3-43
32.9 Components of Clutch 3.5 3.12.1.2 Construction and Working 3-44
. 3.12.1.3 Constant Velocity Universal JOint.....eeeenes 3-44
3.3 Single Plate Clutch 3-7
3.13 Rear Axle Drive 3-45
34 Multi-plate Clutch 3-9
3.13.1 Hotchkiss Drive 3-46
34.1 Difference between Single Plate Clutch
3.13.2 Torque Tube Drive 3-46
and Multi Plate Clutch 3-11
3.13.3 Difference between Torque Tube Drive
3.5 Semi Centrifugal Clutch 3-11
and Hotchkiss Drive 3-47
3.6 Centrifugal Clutch 3-12
3.13.4  Front Drive Shaft Types and Its Construction
3.7 Wet Clutch 3-13
and Working 3-48
3.8 Calculation of Surface Area, Number of
3.14 Differential 3-50
Driving and Driven Plate 3-14
3.14.1 Need of Differential 3-50
381 Derivation for Torque Transmission of
3.14.2  Functions of the Differential 3-50
Single Plate Clutch 3-14
3.14.3  Principle of Differential 3-50
3.8.2 Types of transmission SYStEMS.....reemmeeesseressssnne 3-22
3.144  Construction and Working of Differential ............... 3-51
3.9 Need of Gear Box 3-23
3.14.5 Rear Axle 3-54
3.10 Types of Gear Box 3-24
3.15 Automatic Transmission 3-55
3.10.1 Sliding Mesh Type of Gear BOX .....cuuceremereessusreseeenes 3-24
3.15.1  Basic Device used in Automatic Transmission.....3-55
3.10.2 Constant Mesh Gear Box 3-25
3.15.2  Advantages of Automatic Transmission ... 3-56
3.10.3  Synchromesh Gear Box 3-29
3.15.3 Types of Automatic TransSmisSion .......eeecees 3-56

a2 TechKnowledge
‘7 PUDl\Eat\DgS



¥F Automobile Engineering (GTU) 3 Table of Contents

3.16  CVT (Continuously Variable Transmission)...3-60 | 4.3.2  Objectives (Functions) of Suspension System......4-10

3.17 Faults and Diagnosis of Power 4.3.3 Types of SUSPeNSion SYStEMS ......ccoweereeemeeessseseesanes 4-10
Transmission System 3.61 4.3.4 Functional Requirements of Suspension
Systems 4-11
3.17.1  Faults and Diagnosis of Clutch.......nmerersneceenns 3-61
4.4 Front Axle Independent Suspension........uue 4-12
3.17.2  Faults and Diagnosis in Gear BoX......cemreeenes 3-63
4.4.1 Types of Front Wheel Independent
3.17.3  Faults and Diagnosis in Propeller Shaft................ 3-65
Suspensions 4-13
3.18 University Questions and ANSWers ... 3-68

4.4.1.1 Mac-pherson Strut Type Suspension System......... 4-13
Chapter 4 : Axle, Suspension and Steering

4.4.1.2 Wishbone Type Suspension System ... 4-14
System 4-1 to 4-70
4.4.1.3 Trailing Link Suspensions 4-15
Axle : Classn‘lcatlon,. type F)f front axle, construction, 4.4.1.4 Swinging Half Axle Circle Suspension........... 4-16
components and their functions, types of rear axle and
application. 4.4.1.5 Vertical Guide Suspension 4-16
442 Shock Absorber 4-16

Suspension : Principle, Types of suspension systems,

Functional requirements of suspension systems, Types 4.4.2.1 Telescopic Shock Absorber 4-17
and Constructional features of Front Suspension and rear

443 Differentiate between Spri d Shock
Suspension system, Spring types, Rubber and Air Hereitiate beweell Spring and Sioc

suspensions, Factors affecting design and selection; Absorber 4-18
A.naly5|s. of ) Suspens.lon system: M.Oblhty’ 4.5 Types of Rear Suspension System.........ccoucuuuues 4-19
kinematic/graphical analysis, Roll centre analysis and
force analysis 4.5.1 Construction and Working of Leaf Spring
Steering System : Steering Layout, types of steering and Leaf Spring with Helper Spring.......cceernn. 4-20
gears, staring linkages, steering mechanism, definitions, 452 Helper Springs 4-21
and significance of camber, caster king, pin inclination,
. . 453 Leaf - Spring Rear SUSPENSIiON .......coceeremmmereessmsnesenenes 4-21
toe in and toe out on turn. Measurement and adjustment
of various steering system layouts, steering ratio, under 454 Coil-spring Rear Suspension
steer!ng and over steerlng,. power a55|stef1 stee.rlng, (Rear-Wheel Drive) 4-22
steering geometry, wheel alignment, and diagnosis of
fault. 4.5.5 Coil-spring Rear Suspension
] (Front-Wheel Drive) 4-23
41 Introduction to Axle 4-2
4.5.6 Strut-Type Rear Suspension 4-24
4.2 Stub Axle 4-3
4.5.7 Torsion-Bar Rear SUSPENSION .....oeesmmeesssesessnns 4-25
421 Types of Stub Axle 4-4
) 4.5.8 Difference between Rigid Axle Front End
4.2.2 Rear Axle Shaft Supporting 4-6

S i d Ind dent Front
4.2.2.1 Difference between Semi Floating and Full uspension and tndependent Fron

. End Suspension 4-25
Floating Rear Axle 4-9
4.6 Types of Springs 4-26
4.3 Suspension System 4-9 yp pring
. 4.6.1 Helical Coil Spring 4-26
43.1 Need of Suspension System 4-9

o= TechKnowledge
< .

ublications



¥F Automobile Engineering (GTU)

Table of Contents

4.6.2 Air Suspension Spring
4.7 Factors Affecting Design and Selection

of Rear Suspension System ...,
4.8 Performance Analysis of

Suspension System
4.8.1 Mobility of Suspension Mechanisms........coureeennnee
482 Kinematic Analysis by Graphical Method................
4.9 Roll Center Method and Force Analysis ...........
49.1 Force Analysis - spring and Wheel Rates................
49.2 Suspension - spring and Wheel Rates......cccuuvcunnene
4.10 Steering System
4.10.1 Requirements of Steering System .......creessnne
4.10.2  Functions of Steering SyStem ......cceereereessusinenes
4.10.3  Steering Layout
411 Types of Steering Gears
411.1 Worm and Worm Sector / Wheel

Steering Gear
4.11.2 Worm and Nut Steering Gear ......oeressnnns
4.11.3  Re-circulating Ball Type Steering Gear........cccouuwee
4.11.4 Rack and Pinion Steering Gear ...
4.11.5 Worm and Roller Steering Gear ...
4.12 Steering Linkages
4.13 Steering Mechanism

(Principle of Steering System)

[Condition for True Rolling]......cccoummmessersusessenss
4.13.1 Ackermann Steering Mechanism.........
4.13.2  Davis Steering Gear
4.14 Significance for Camber, Caster, King Pin

Inclination, Toe in-Toe Out on Turn........ceueeeee
4.15 Measurement and Adjustment of Various

Steering Layout
4.16 Steering Ratio (Reduction Ratio) ......cceevisennas
417 Under-steering and Over-steering......:

4-29

4-30

4-32

4-32

4-33

4-34

4-36

4-37

4-38

4-38

4-39

4-39

4-40

4-40

4-41

4-42

4-42

4-44

4-44

4-46

4-47

4-48

4-50

4.18 Power Assisted Steering 4-56
4.19 Wheel Geometry (Steering Geometry).............. 4-59
4.20 Wheel Alignment 4-63
4.20.1 Procedure of Wheel Alignment

and Steering Geometry 4-64
4.20.2  Checking of Wheel Alignment........emeesesesnns 4-64
4.21 Diagnosis of fault 4-66
Chapter 5: Braking Systems 5-1 to 5-36

Components and configurations, Fundamentals of

braking: braking distance, braking efficiency, weight
transfer,
adhesion utilization,

wheel skidding, Brake proportioning and

Hydraulic brake system, Power assisted brakes, ABS and
Electronic Braking system : Working principles, Features
and advantages, Fault and diagnosis..

5.1 Introduction to Brake 5-2
511 Brake System Components and Configurations...... 5-2
5.2 Classification of Brakes 5-5
5.3 Principle of Braking 5-6
5.3.1 Requirements of Brake 5-7
5.3.2 Fundamentals of braking 5-7
5.4 Brake Efficiency 5-9
5.5 Weight Transfer during Braking..........cccousuncuns 5-11
5.6 Wheel Skidding 5-12
5.7 Tyre Adhesion 5-13
571 Adhesion Utilization 5-13
5.7.2 Brake Proportioning 5-14
5.7.3 Hydraulic Brake 5-17
5.7.3.1 Master Cylinder 5-18
5.7.3.2 Wheel Cylinders 5-20
5.7.4 Power Brake 5-21
5.74.1 Power Assisted Brake (Vacuum Brake) ........ccouuueee 5-22
5.7.5 Pneumatic or Air Braking System .........creennnns 5-23
5.7.6 Difference between Hydraulic and Pneumatic
Braking System 5-25

o= TechKnowledge
< .

ublications



¥F Automobile Engineering (GTU) 5 Table of Contents

5.8 Antilock Brake System(ABS) 6.3.8 Tyre maintenance 6-14
[Electronic Brake System] 5-27 )
6.3.9 Factors Affecting Tyre Wear 6-15
5.8.1 Components of ABS 5-29
6.4 Tubeless Tyre 6-16
5.8.2 Advantages and Features of Electronic
(ABS) Brake System 5.30 6.4.1 Comparison of Tubed Tyres
5.9 EBD 5-31 with Tubeless Tyres 6-18
5.9.1  Faultand Diagnosis 5-31 | Chapter 7 : Electrical, Electronics
and Safety Systems 7-1 to 7-38
Chapter 6 : Wheel And Tyres 6-1 to 6-19 Engine control Unit, Monitoring and Instrumentation,
- Safety interlocks and alarms, Lamps, Lighting and other
Types of wheels, types of tyres, tyre construction,
constituents of tyre, tyre tread pattern, tyre pressure and circuits, fuel gauge, temperature gauge, wiper,
wear, tyre properties, tyre size, tyre maintenance. speedometer and odometer. Active and Passive Safety
systems, Seat belt, Air bag, ACD, Electronic Stability
6.1 Introduction to Wheel 6-2
Control (ESC), Tire Pressure Monitoring System (TPMS),
6.1.1 Types of Automobile Wheels 6-2 Lane Departure Warning System (LDWS), Adaptive Cruise
6.1.1.1 Construction and Working of Pressed Control (ACC), Driver Monitoring System (DMS), Blind
Steel Disc Wheel 6-3 Spot Detection (BSD) and Night Vision System (NVS).
6.1.1.2 Wire or spoke wheels 6-3 | 71 Electronic Control Unit 7-2
6.1.13 Cast Light Alloy Wheel 6-4 | 72  Operating Mode of ECM 7-3
) 7.2.1 Difference between Open and Closed Loop.......c..... 7-5
6.2 Introduction to Tyres 6-4
7.2.2 Input and Output Signals 7-5
6.3 Tyre Construction and TYPes.....cumemmsessessesenss 6-5
7.3 Monitoring and Instrumentation ........ccuusenens 7-6
6.3.1 Types of Tyres 6-5
7.4 Safety interlocks and alarms,
6.3.2 Construction of Tyre (Tube tyre) ...eeereeminenens 6-6
Anti-theft System 7-7
6.3.3 Constituents of Tyre 6-8 .
7.4.1 Operation of Keyless Entry. 7-8
6.3.4 Tyre tread pattern 6-9 | 742 Central Locking System 7-8
6.3.5 Tyre pressure and wear 6-11 7.4.2.1 Components of Central Locking System
6.3.5.1 Types of Tyre Wear 6-11 with their working 7-9
6.3.6 Desirable Properties (Requirements) 7.5 Power Window 7-10
of Good Tyres 6-13 7.6 Lamps and Lighting 7-12
6.3.7 Tyre size (Specification of Tyre or Tyre 7.6.1 Introduction to lighting System......eeerssneeeeenes 7-12
Designation) 6-13 7.6.2 Types of Lights’ 7-12

o= TechKnowledge
SF et o



¥F Automobile Engineering (GTU) 6 Table of Contents

7.7 Wiring Circuits 7-14 7.20 Blind Spot Detection (BSD) and Night
7.7.1 Head Light 7-15 Vision System (NVS) 7-36
7.8 Concept of Headlight Dimming........cocouesieseusenens 7-16 7.21 University Questions and ANSWers......cuoeens 7-37
7.8.1 Aiming of Headlight 7-16 Chapter 8 : Modern Automobiles 8-1 to 8-22
782 Tail Light and Stop Light 717 Layout and components of Electric and Hybrid
7.8.3 Indicator Light 7-17 Vehicle, Types of Hybrid vehicles, Batteries, Electric
Motors, Regenerative Braking.
7.9 Body Electrical and Electronic System............. 7-19
o 8.1 Electric Vehicles 8-2
79.1 Horn Circuit 7-19
8.1.1 Components of Electric Vehicles ...eennn 8-2
7.10 Other Circuits 7-20
8.2 General layout and Working
711 Wind Screen Wiper 7-24
of Electric Vehicle 8-3
712 Speedometer and Odometer .......omsmmsmssssennas 7-25
8.2.1 Advantages of Electric Vehicles .....nrcennecens 8-4
7.12.1  Speedometer 7-25 . . .
8.2.2 Disadvantages of Electric Vehicles ......rvmeeeeeennnn. 8-5
7122 Odometer 7-26 8.3 Limitations of Present Day Electric Vehicle...... 8-5
7.12.3 Tachometer (Engine Speed Indicator).........ce... 7-27 8.4 Hybrid Vehicles 8-6
7.13 Vehicle Safety 7-27 8.4.1 Introduction 8-6
7.14 Seat Belts 7-32 8.4.2 Working of Hybrid Vehicle 8-7
7.141 Types of seatbelt 7.32 8.4.3 Types of Hybrid Systems 8-7
715  Air Bags 7-34 | 85 Batteries 8-9
. . . 8.5.1 Lead-Acid Battery 8-10
7.16 ACD (Active Center Differential).......ccccouereuressenss 7-35
8.5.2 Lithium Battery 8-15
717 Tyre Pressure Monitoring System (TPMS)..... 7-35
8.6 Electric Motors 8-16
7.18 Lane Departure Warning System (LDWS)....... 7-35
8.7 Regenerative Braking 8-20
7.19 Driver Monitoring System (DMS) .......ccouuesiusennas 7-36
[ |

o= TechKnowledge
SF et o



