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Introduction to Shaft Axles
At the end of this session you will be able to:

 T state the functions of drive shaft and propeller shaft;

 T state the different types of axle;

 T describe the layout of shafts in a vehicle.

Session Plan
1 Introduction

2 Drive Shaft

3 Propeller Shaft

4 Axle

5 Layout of Shafts

6 Key Learnings

7 Worksheet

Introduction

Components used to transfer the drive torque from the transmission output shaft/transfer case to the 
driven wheels are called drive shafts or propeller shafts. 

Since the drive torque is to be transmitted at a distance between the driving and the driven members, 
certain variations will be allowed in the alignment. This variations in the alignment is done by incorporating 
the universal joints, slip joints and constant velocity (CV) joints in a drive shaft or propeller shaft.

Function of a Clutch

A drive shaft is a long, tubular, solid/hollow mechanical component made of steel that is used to 
transfer engine torque to the road wheels. It is located between the transaxle and the driven wheels in 
front wheel drive layout and between the differential and the driven wheels in AWD layout.

The shaft (axle) consists of splined ends and constant velocity joints 
(CV joints) on both sides. The inner joint is completely flexible and 
has the ability to move in and out. The outer joint is also flexible, 
but it cannot move in and out.

The CV joint is designed to accommodate the change in height and 
transfer the same amount of torque to the drive wheels when the 
vehicle is moving over a rough patch.

Inner Joint

Outer Joint

CV JointSplined end

Axle
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Propeller Shaft

A propeller shaft is a bulky long, tubular mechanical component made of hollow steel, aluminium or 
composite materials that connects the transmission and the differential in a rear wheel drive layout.

The shaft is connected to the transmission and the 
differential with the help of universal joints at both ends 
and a slip joint that help in accommodating the increase 
in height or length when travelling over an uneven surface 
with minimum or no loss of power.

It is generally seen in rear wheel drive vehicles and all 
wheel drive vehicles.

Axle

An axle is a bulky solid, mechanical component that connects the two drive wheels. This construction is 
generally seen in rear wheel drive vehicles and four wheel drive vehicles. The axle houses the differential 
and the drive shafts in the case of RWD or 4WD.

The different axles used are:

 T Dead Axle  T Full floating axle  T Semi-floating axle

Dead Axle

A dead axle is an axle that is not a part of the drive-train.

For example, the rear axle of a front-wheel drive car may be 
considered a dead axle.

Dead Axle

Dead Axle

Full floating axle

A full-floating axle can be identified by a protruding hub to 
which the axle shaft flange is bolted. The axle shafts inside the 
axle serve only to transmit torque from the differential to the 
wheels.

Full-floating axle shafts are retained by the flange bolted 
to the hub, while the hub and bearings are retained on the 
spindle by a large nut.

These axles can carry more weight than a semi-floating or nonfloating axle assembly because the hubs 
have two bearings riding on a fixed spindle.
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Semi-floating axle

The semi-floating design carries the weight of the vehicle 
on the axle shaft itself; there is a single bearing at the end 
of the axle housing that carries the load from the axle and 
that the axle rotates through.

Axie Shaft

Axie housing

Dead Axle

Full floating axle

A full-floating axle can be identified by a protruding hub to 
which the axle shaft flange is bolted. The axle shafts inside 
the axle serve only to transmit torque from the differential 
to the wheels.

Full-floating axle shafts are retained by the flange bolted 
to the hub, while the hub and bearings are retained on the 
spindle by a large nut.

These axles can carry more weight than a semi-floating or nonfloating axle assembly because the hubs 
have two bearings riding on a fixed spindle.

Layouts of Shafts

Front wheel drive

In front-wheel drive vehicle layout, the drive shafts are 
located between the transaxle and the drive wheels.

Rear wheel drive

In a rear wheel drive the engine torque is transmitted to 
the rear differential via a propeller shaft.The differential 
then transfers the torque to the drive wheel through the 
drive axles.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Describe a driveshaft.

2. What do you understand by a full floating axle?

3. State and explain the different layout of shafts.

Worksheet

1. Read the questions and tick the correct answer.
a. What do you mean by CV joint?

i. Constant Velocity

ii. Continuously Variable

iii. Constant Value

iv. All of the above
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b. Which of the following the type/s of axles are used in automobiles?

i. Dead Axle

ii. Full floating axle

iii. Semi-floating axle

iv. All of the above

c. In front-wheel drive vehicle layout, the drive shafts are located between the transaxle and
the drive wheels.

i. True

ii. False

d. Which of the following statement/s is true with respect to a propeller shaft?

i. Long, tubular mechanical component made of hollow steel,
aluminium or composite materials

ii. Located between the transmission and differential

iii. Generally seen in rear wheel drive vehicles and all-wheel drive
vehicles

iv. All of the above

Notes
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Answers: Introduction to Shaft and Axles

Question Number Answer

1

a. i

b. iv

c. i

d. iv
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Shaft and Axles Components
At the end of this session you will be able to:

 T identify the components of drive shaft; 

 T state the purpose of drive shaft components;

 T identify the components of propeller shaft components;

 T state the purpose of propeller shaft components.

Session Plan
1 Introduction

2 Drive Shaft Components

3 Propeller Shaft Components

4 Types of Propeller Shafts

5 Key Learnings

6 Worksheet

Introduction

The driveshaft and propeller shaft is a mechanical device with various components that are mated/
coupled to each other to transfer engine torque to the wheels. Every component plays a vital role in 
the transmission of torque to the wheels with minimum losses.

Drive Shaft Components

A shaft is made of various mechanical components that are used to transfer the engine torque to the 
wheels. Following are various components of a shaft:

1. Caulking Nut

2. C/V Joint

3. Race Retaining Ring

4. Axle Shaft

5. Seal Retaining Clamp

6. Drive Axle Outboard Seal

7. Retaining Clamp

8. Drive Axle Inboard Seal

9. Cross Groove Joint

10. Retaining Ring
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Drive Axle Inboard Seal

The purpose of this seal is same as the outboard seal but will be slightly 
different in size as this seal covers and protects the inner joint and bearings 
(which connects the drive shaft to the transaxle).

Cross Groove Joint

This is the joint which connects the drive shaft axle to the 
transaxle. Two types of joints male and female are available. Some 
manufacturers allow replacement of this joint separately.

Retaining Ring

The retaining ring locks the driveshaft to the differential output.

Propeller Shaft

Following are various components of a propeller shaft:

1. Propeller shaft slip yoke

2. Propeller shaft universal joint spider bearing
retainer ring

3. Propeller shaft universal joint

4. Propeller shaft tube

5. Propeller shaft universal joint spider bearing
retainer ring

6. Propeller shaft universal joint

7. Propeller shaft bearing retainer

8. Propeller shaft bearing retainer bolt

2 3
4

5 6

78

1

Propeller Shaft Slip Yoke

The slip yoke connects the transmission to the propeller shaft. It also 
connects one propeller shaft to another in multi shaft application. The  
slip yoke consists of external splines which match with the internal 
splines of flange.
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Propeller Shaft Universal Joint Spider Bearing Retainer Ring

The retainer ring is located between the propeller shaft slip yoke 
and the  universal joint. 

The main function of the retainer ring is to hold both the 
components together when in operation.

Propeller Shaft Universal Joint

The universal joint provides flexibility to the propeller shaft and is located 
between the propeller shaft and the slip yoke. It consists of two Y shaped 
yokes that are joined together by needle or roller bearings. The bearings 
are lubricated for life.

Propeller Shaft Tube

Made of hollow or solid steel, aluminium or composite 
materials and connects between the transmission output 
shaft and the differential in the case of a rear wheel drive 
layout. It is an extension of transmission output shaft.

Pinion flange

Pinion flange connects the rear U-joint and axle pinion flange to transmit the 
rotational torque to the axle. It consists of internal splines which match with 
the external splines on the prop shaft slip yoke. It also accommodates the 
change in length while vehicle moves on uneven surfaces.

Axle

The different types of propellers shafts used in automobiles based on application are:

 T Hotchkiss drive

 T Torque tube

 T Flexible

Hotchkiss Drive:

This system uses two universal joints at the upper end and the 
lower end that are not enclosed in a covering. In this assembly 
the entire drive system is on the rear axle assembly. 

This system allows the rear axle to move along with the suspension 
and accommodate for change in length when travelling over an 
uneven surface.

Universal Joints
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Torque Tube:

In this system the tube is rigidly connected between the 
both ends with no universal joints. Used with independent 
rear suspension and rear mounted transaxle. Distance is 
fixed between the transmission and the transaxle and never 
changes.

Flexible:

The driving component in this type of a construction is a steel rope. 
This type of construction is not commonly used.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. List the different components of a driveshaft.

2. Describe a CV joint?

3. What do you mean by seal retaining clamp.



Participant Handbook

12

Worksheet

1. Read the questions and tick the correct answer.
a. In a flexible propeller shaft the driving component is a

i. Aluminium rope

ii. Steel shaft

iii. Steel rope

iv. Aluminium shaft

b. Which of the following are/is type/s of propeller shafts?

i. Hotchkiss drive

ii. Torque tube

iii. Flexible

iv. All of the above

c. The retainer ring is located between the propeller shaft slip yoke and the

i. Universal joint

ii. Differential

iii. Transmission

iv. Road wheels

d. Identify the component shown.

i. Universal joint

ii. CV joint

iii. Pinion flange

iv. Propeller shaft slip yoke
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Notes
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Answers: Shaft Axles Components

Question Number Answer

1

a. iii

b. iv

c. i

d. ii
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Introduction to the Differential System
At the end of this session you will be able to:

 T identify the type of differential configuration; 

 T state  the functions of a differential.

Session Plan
1 Introduction

2 Differential

3 Differential Configurations 

4 Purpose of a Differential

5 Function of Transmission

6 Key Learnings

Introduction

When a vehicle is moving over a curved path, the speed of the outer wheel 
needs to travel more than the inner wheel or else it would cause damage to 
the wheels due to excessive slippage. In order to minimise the slippage and 
increase the life of the tyres the use of differential has been incorporated.

Propeller Shaft

Axle Shaft

Differential

A differential is a device which consists of a combination of several gears and shafts: one propeller (Input) 
and two axle shafts (Output) to transfer rotational motion of the engine’s crankshaft to the road wheels.

The configuration of the differential used in any 
automobile is based on vehicle drivetrain design. The 
various drivetrains used in automobiles are:

 T front wheel drive

 T rear wheel drive

 T all-wheel drive

Differential

Engine

Transmission
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Differential Configurations

Front wheel drive

In a front wheel drive vehicle, the differential is enclosed in the transmission case itself. The engine 
torque is split between the front right and left wheel through drive shafts. This construction is compact 
and light weight.

Transmission

Engine

Differential
Drive Shaft

Rear wheel drive

In a rear wheel drive vehicle, the differential can be 
noticed in a form of a pot integrated with the rear 
axle. The engine torque is transferred to the rear 
wheels through a propeller shaft and axle shafts. 
This construction consists of a robust rear axle and 
a propeller shaft which increase the weight of the 
vehicle.

All-wheel drive

All-wheel drive vehicles are equipped with two 
differentials, one enclosed in the transmission case 
and the other on the rear axle. The engine torque is 
transferred to all four wheels. The front differential 
splits the torque at the front wheels and the rear 
differential at the rear.

In vehicles equipped with all-wheel drive the torque is 
transferred to only two wheels, and when the vehicle 
senses a slip in the wheels the torque is sent to the 
other two wheels.

Front 
Differential

Transmission

Rear 
Differential

Engine

Center 
Differential

In vehicles equipped with four wheel drive, the engine 
torque is transferred to all four wheels at all time.

This construction is best suited for off-road conditions 
but is bulky and expensive.
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Purpose of a Differential

When taking a turn, the vehicle’s wheels turn at different speeds. The inner wheel travels at a slower 
speed and covers a shorter distance than the outer wheel.

The differential is a device that is designed to drive a pair of wheels while allowing them to rotate at 
different speeds.

A vehicle if not equipped with a differential would result in inner wheel spinning and the outer wheel 
dragging and would cause damage to tyres and strain on the entire drivetrain.

Functions of a Differential

The functions of a differential in an automobile are as below:

 T Transfer the engine torque received via the propeller shaft to the road wheels. 

 T Split the torque received from the engine as per the wheel requirement. 

 T Vary the speed of the inner and outer wheels when taking a turn.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the front wheel drive differential configuration.

2. Mention the difference between all-wheel drive and four wheel drive.

3. Explain the purpose of a differential.
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Worksheet

1. Read the questions and tick the correct answer.
a. Which of the following is/are function/s of a differential system?

i. Transfer the engine torque received via the propeller shaft to
the road wheels.

ii. Split the torque received from the engine as per the wheel
requirement.

iii. Vary the speed of the inner and outer wheels when taking a
turn.

iv. All of the above

b. Which of the following statement/s is/are true with respect to all-wheel drive drivetrain?

i. This drivetrain is equipped with two differentials.

ii. This drivetrain is equipped with differential on the rear axle
only.

iii. This drivetrain is equipped with differential enclosed in the
transmission casing only.

iv. None of the above

c. In a rear wheel drive drivetrain,the engine torque is transferred to the rear wheels through
a propeller shaft and axle shafts.

i. True

ii. False

d. A vehicle if not equipped with a differential would result in inner wheel spinning and the
outer wheel dragging and would cause damage to tyres and strain on the entire drivetrain.

i. True

ii. False
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Notes
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Answers: Introduction to Differential

Question Number Answer

1

f. iv

g. i

h. i

i. i
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Differential Components
At the end of this session you will be able to:

 T identify the components of a differential system;

 T describe working of the differential system. 

Session Plan
1 Introduction

2 Differential Components

3 Working of Differential 

4 Key Learnings

5 Worksheet

Introduction

When a vehicle is moving over a curved path, the speed of the outer wheel needs to travel more than 
the inner wheel or else it would cause damage to the wheels due to excessive slippage. In order to 
minimise the slippage and increase the life of the tyres the use of differential has been incorporated.

Differential Components

In order to transfer engine torque and vary the speed of the driven wheels, when taking a turn, the 
differential uses the following components enclosed in a single unit:

Crown wheel and pinion mechanism

 T crown wheel or ring gear

 T pinion gear

Differential mechanism

 T differential cage

 T bevel gears set (two side gears and two pinion  
gears)

 T thrust washers 

 T cross pin

Axle shafts

 T RHS axle shaft

 T LHS axle shaft

Ring Gear
Axle Shaft  
side gerar

Axle Shaft

Pinion gear
Axle Shaft

PinionShaft
Axle housing

Universal joint

Differential 
side gear
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Crown wheel 
or ring gear

Spiral Bevel

Hypoid Gearset

Crown wheel or ring gear

The crown wheel or ring gear is the largest gear that is used in a 
differential and is fastened to the differential cage using hardened bolts 
or rivets. The gear is mounted upright at an angle of 90 degrees with 
the pinion shaft and is used to transfer engine torque received from 
the pinion to the differential mechanism. The gears currently used in 
differential mechanism are spiral bevel and hypoid.

Spiral bevel gears are commonly used in heavy duty applications.

Hypoid gear sets are commonly used in RWD passenger car and light 
truck applications.

The drive side of the teeth is curved in a convex shape, and the coast side of the teeth is concave.

The inner end of the teeth on the ring gear is known as the toe and the outer end of the teeth is the heel.

Coast side Drive Side Toe (Inner End)
Heel  
(Outer End)

Pinion gear

The pinion gear is a gear that is integrated to a shaft. One end of the shaft 
is coupled to the propeller shaft via the universal joint and the other end 
containing the gear meshes with the ring gear.

In recent times manufacturers have introduced the use of hypoid gears 
to reduce the noise during operation. Mounting the pinion off-set to the 
centre of the ring gear is advisable where height of the vehicle needs to 
be kept low. Pinion Gear

Flange with holes

Differential cage

The differential cage is made of cast iron and is mounted with two side 
bearings in the rear axle housing. It consists of a flange with holes all 
around to facilitate the mounting of a ring gear. It has the ability to rotate 
independently of the drive axle.
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Bevel gears set (two side gears and two pinion gears)

The differential mechanism consists of a side gear set and a pinion gear 
set. The side gear set is mounted directly on the inner face of the cage 
whose splines engage with the splines of LHS and RHS axle shafts.The 
bevel gears are meshed with the side gears at 90 degrees angle and held 
in position by a cross pin.

Bevel gears are unique in operation, i.e. they are used to change the 
direction of motion by 90 degrees. Bevel Gears

Side Gears

Thrust washers

Thrust washers are flat or conical circular metal plates with a hole at the centre. Thrust washers are 
placed between the differential pinions, axle side gears, and differential case to prevent wear on the 
inner surfaces of the differential case. Thrust washers used for side gears are flat type and bevel gears 
are conical circular type.

Cross pin

Cross pin is a straight cylindrical steel pin used to keep the bevel pinions in place inside the cage assembly.

Right and left axle shaft

Axle shafts are long tubular shafts with splines at one end and 
a flange at the other. The spline end mates with the side gear 
in the differential mechanism and the flange end supports the 
wheel with the help of wheel bolts.

The axle shaft is designed to float, based on the slight in and 
out movements of the axles.

Differential Configurations

Axle 
Rotation

Axle 
Rotation

Pinion 
Rotation

 T Engine torque is delivered by the drive shaft to the 
drive pinion gear, which is in mesh with the ring gear 
and causes it to turn. 

 T Power flows from the pinion gear to the ring gear. 
 T The ring gear drives the side gears, pinions, and axles 

as an assembly. 
 T Gear reduction between the drive pinion gear and the 

ring gear, causes the ring gear to turn about one-third 
to one-fourth the speed of the drive pinion. 

 T The differential bevel gears set along with the cage 
rotate and travel in a circle as the differential case and 
pinion shaft rotate. 

 T The side gears meshed with the pinion gears also rotate 
on their own centres. 

 T The bevel gears in mesh with the axle side gears, and 
splined to the axle shafts transfer the torque to the 
road wheels.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Write down the different components that contribute in the making of a differential unit.

2. What do you understand by drive side and coast side with reference to ring gear or 
crown wheel?

3. Explain the working of a differential.

4. Describe bevel gear set in a differential.
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Worksheet

1. Read the questions and tick the correct answer.
a. Which of the following contribute in the making of a differential mechanism?

i. differential cage

ii. bevel gears set (two side gears and two pinion gears)

iii. thrust washers and Cross pin

iv. All of the above

b. Cross pin is a straight cylindrical steel pin used to keep the bevel pinions in place inside
the cage assembly.

i. True

ii. False

c. The inner end of the teeth on the ring gear is known as the ____________________________
toe and the outer end of the teeth is the heel.

i. heel

ii. toe

iii. coast side

iv. drive side

d. The axle shaft is designed to float, based on the slight in and out movements of the axles.

i. True

ii. False
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Notes

Answers: Differential Components

Question Number Answer

1

a. iv

b. i

c. ii

d. i
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Introduction to Suspension System
At the end of this session you will be able to:

 T state the functions of suspension system;

 T state the operating principle of suspension system.

Session Plan
1 Introduction

2 Purpose of Suspension

3 Operating Principle of Suspension

4 Key Learnings

5 Worksheet

Introduction

Suspension reduces the shock or vibrations that arise when a vehicle is driven on uneven surfaces. This 
is done by isolating the body from the road shocks.

Purpose of Suspension

The uses of suspension in any application are given below:

 T A suspension is used to reduce/minimise the shock from uneven surfaces. 

 T It enables the wheels to move independent of the vehicle. 

 T It keeps the vehicle suspended making it stable. 

 T In automobiles it is used to prevent the road shocks from being transmitted to the vehicle 
components and the occupants. 

 T Many systems work together to control a vehicle’s movement, direction and handling. 

 T It is also used to support the vehicle, maintain ride height and provide steering and stopping control.

Operating Principle of Suspension

The principle of suspension is to isolate the body from the road shocks and vibration which may 
otherwise be transferred to the passenger or load.

 T There are basically two masses in any vehicle:

• Sprung mass: This mass is supported by springs such asbody, frame and engine.
• Unsprung mass: This mass is not supported by the spring such as wheel, tires and brake

components.
 T Vehicle ride and handling can be improved greatly by keeping the unsprung mass as low as possible.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What is the main purpose of suspension in any application?

2. What is the principle of suspension?

Worksheet

1. Read the questions and tick the correct answer.
a. The suspension system work together to control a vehicle’s  .

i. movement

ii. direction

iii. handling

iv. All of the above
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b. Body, frame and engine are called  mass.

i. sprung

ii. unsprung

iii. load

iv. None of the above

c. Wheel, tires and brake component are called  mass.

i. sprung

ii. unsprung

iii. load

iv. None of the above

d. Vehicle ride and handling can be improved by keeping the sprung mass as low as possible.

i. True

ii. False

Notes
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Answers: Introduction to Suspension System

Question Number Answer

1

a. iv

b. i

c. ii

d. ii
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Suspension System Components
At the end of this session you will be able to:

 T identify the components of a suspension system;

 T describe the working of suspension system components;

 T state the function of the suspension system components. 

Session Plan
1 Introduction

2 Components of Suspension

3 Spring

4 Operation of Springs

5 Types of Springs

6 Damper

7 Anti-Roll Bar

8 Key Learnings

9 Worksheet

Introduction

A suspension system comprises various mechanical components to absorb road shocks and prevent 
them from transferring into the cabin. These components have varied applications depending on their 
respective properties.

Components of Suspension

The various components of a suspension system are as follows:

 T Spring 
 T Damper 
 T Anti-roll bar

Spring

Spring is a basic suspension component that supports the vehicle weight and maintains riding height.

Springs are used to absorb road shocks or unevenness and its placement is based on vehicle design 
and space.
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Various types of springs are:

 T Coil spring

 T Torsion bar

 T Leaf spring

Working principle

Spring, in mechanics, is a device that can absorb and release energy by a change in its shape.

Springs can be made in a wide variety of types and sizes from almost any material that has elasticity 
(the ability to regain its shape and size after being deformed).

Operation of Springs

The operations of springs are:

 T A spring is placed between the road wheels and the vehicle body.
 T When the vehicle comes across a bump/pothole on the road the spring compresses and stores energy.
 T Once the vehicle crosses over the bump/pothole the spring expands and the energy is released.
 T The spring then starts vibrating.
 T The vibration keeps decreasing due to internal spring material friction and ultimately stops vibrating.

Types of Springs

Jounce

Rebound

The various types of springs are:

 T Coil spring 
 T Torsion bar 
 T Leaf spring

Coil Springs

This is a steel wire rolled in the shape of a coil. Coil springs provide good ride and handling quality 
and are used in the front and rear and are generally used in cars, they are not ideally used in heavy 
load carrying vehicles.

Characteristics of coil springs

 T compresses when weight is applied;
 T resists compression;
 T dissipates energy by trying to return to their uncompressed state;
 T rated by force required to compress one inch (expressed in lbs/in)

Terms of spring

 T Jounce: It is the moment described when the wheel hits bump and moves up.
 T Rebound: It is the moment described when the wheel hits a hole in the road and moves downward.
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Coil Spring Design

Variable-rate coil spring design ─This design is based on the following parameters;

One end of spring: 

 T wrapped more tightly 

 T made from a different gauge steel 

 T have more or fewer windings

Variable RateVariable Rate Fixed (This design enables springs to handle lightand heavy-duty loads 
without sacrificing on ride quality.)

Fixed rate coil spring design ─This design is based on the following 
parameters; 

 T one size coil wire 

 T one shape with even spacing 

 T constant spring rate

Torsion Bars:

 T Spring steel shaft attach to chassis and lower 
control arms

 T Lightweight
 T Compact
 T Provide greater resistance than coil springs
 T Can adjust ride height

Torsion Bar

Torsion bars are used to offer easy adjustment on ride height depending on the weight of the car’s 
engine package.

Working Principle

Torsion bar is a rod acting in torsion and taking sheer stress and is made of heat treated alloy spring 
steel. This is often used with the independent suspension.

Leaf Spring

Leaf springs are steel strips laid one over the other and clamped together. These are widely used as rear 
suspension in situations where heavy load carrying is needed and costs are to be low.

Characteristics of leaf springs 

 T connects axle to chassis

 T good load carrying ability

 T used on light trucks and SUVs
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Various types of leaf spring designs 

Mono-leaf construction ─ This design is based on the following parameters:

Mono Leaf

Eye

Eye

Center Bolt

Center Bolt

Rebound Clip Multiple Leaves

Multi-Leaf

 T thick arched steel or composite strip 

 T tapers at the end

Multi-leaf construction ─ This design is based on the following 
parameters:

 T stacked layers of arched spring steel 

 T one main leaf and progressively shorter leaves 

 T material may be added between leaves to reduce friction 
and noise

Damper

A suspension built on springs alone would make for an extremely bouncy ride as the spring will continue 
to bounce at its natural frequency until all of the energy originally put is used up.

The damper is a device that controls unwanted spring motion through a process known as dampening.

The two types of dampers are:

 T oil damper 
 T gas damper

Working principle

When a piston forces the fluid in a cylinder to pass through some 
hole, a high resistance to the motion of piston is developed which 
provides the damping effect.

Upper 
Chamber

Lower 
Chamber

Fuild Under 
Pressure

Operation of Dampers 

 T When the car moves over the bump, the lower tube of the 
damper moves up, thereby passing the fluid from the lower side 
of the valve to the upper side of the valve.

 T Since the volume of the space above the valve is low due to the 
volume of the rod, the fluid exerts pressure on the lower valve 
and goes underside of the lower valve.

 T The passing of fluid through the valve openings causes damping.
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Hydrelic Fuild

Oil Damper

 T The damping medium is oil. It requires maintenance since oil 
tends to leak and need to be replaced.

Gas Damper

 T The damping medium is gas. 

 T Gas dampers are maintenance free systems, as the gas used is a 
stable gas and does not leak easily or changes its properties. Hydrelic Fuild

Gas Chamber

Anti-Roll Bar

An anti-rollbar is a torsion spring that resists body roll motion. It is usually 
constructed out of a wide cylindrical steel bar that connects to the body at 
two points, and at the left and right sides of the suspension.

If the left and right wheels move together, the bar rotates about its 
mounting points and if the wheels move relative to each other, the bar is 
subjected to torsion and is forced to twist.

Operation of Anti-roll Bar 

 T The anti-roll bar is supported in two bearings which are fixed to the frame. 

 T When the car rolls out the spring with lesser load it causes the rod to move downwards. 

 T On the other hand the load on the opposite spring is increased, thereby letting the rod to move 
up. 

 T The bar in bearings undergoes twisting. 

 T It is the resistance of the bar to twisting that counters the tendency of the car to roll out, thereby 
providing stability against lateral force.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are the various componentsof a suspension system?

2. What is the working principle of a spring?

3. What is the purpose of a torsion bar?

4. Name the different types of leaf springs and explain them briefly.
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Worksheet

1. Read the questions and tick the correct answer.
a. In the operation of springs, once the vehicle comes across a bump/pothole on the road,

the spring  and stores energy.

i. releases

ii. compresses

iii. expands

iv. None of the above

b.  is the term used for the moment described when 
the wheelhits the bump and moves up.

i. Jounce

ii. Rebound

iii. Spring

iv. None of the above

c. The is a device that controls the unwanted spring 
motion through damping.

i. leaf spring

ii. torsion bar

iii. damper

iv. coil spring

d. The anti-roll bar in the suspension system is supported in two bearing which are fixed to
the frame.

i. True

ii. False



Participant Handbook

38

Notes

Answers: Suspension System Components

Question Number Answer

1

a. ii

b. i

c. iii

d. i
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Classification of Suspension System

At the end of this session you will be able to:

 T classify the suspension system.

Session Plan
1 Introduction

2 Suspension System Classification

3 Key Learnings

4 Worksheet

Introduction

Automobiles are equipped with various suspension set-ups based on application. The factors 
considered when designing the suspension system are load carrying capacity, ride comfort and cost of 
manufacturing.

Suspension System Classification

Suspension systems can be classified into the following categories:

Suspension system

non-independent 
suspension

semi-independent 
suspension

independent 
suspension

multi-link suspension

Non-independent Suspension

In this setup the left and right wheels are connected together with a solid link between them. One 
wheel movement affects the other.

Non-independent suspensions have better load carrying capability and are used in light trucks and full 
size cars.

Non-independent suspension consists of the following components:
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Non-independent suspension  
components

Leaf spring U-bolt Shackle Upper/lower 
insulators

Shock 
absorber

U-Bolt Shackle

Shock

Leaf Spearing
Upper / lower 

Insulators

Independent suspension

In this setup the left and right wheels are not connected to each other by a solid link and can move 
independently of each other.

It offers better ride and handling and is used in passenger cars.

Independent suspension consists of the following components:

Independent suspension 
components

Strut assembly Lower control 
arm

Knuckle 
assemblyUpper mount

Upper Mount
Sturt Assembly

Knuckle Assembly

Lower control Arms
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Semi-independent suspension:

In this setup the left and right wheels are connected 
together with the help of a flexible link between 
them. One wheel movement slightly affects the other.

Semi-independent suspensions have good ride and 
handling characteristics.

Semi-Independent suspension consists of the 
following components:

Control Arm

Shock Absorber Torsion Axle Spindle

Coil Spring

Semi-independent suspension 
components

Torsion axle Control arm Coil spring Shock absorber Spindle

Lateral Arms

Multi-link suspension

Any independent suspension having three or more 
control arms is classified as multi-link suspension. Each 
arm has a ball joint or rubber bushing at each end.

When the vehicle passes over a bump they react to loads 
along their own length, in tension and compression, 
without bending.

Multi-link suspension consists of the following additional components with respect to independent 
suspension: 

 T Lateral arms
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the construction of a non-independent suspension system.

2. What are the different components of an independent suspension?

3. Mention the difference between an independent and non-independent suspension.

4. Explain the construction of multi-link suspension.
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Worksheet

1. Read the questions and tick the correct answer.
a. Non-independent suspension is used in  .

i. light trucks and full size cars

ii. passenger cars only

iii. All types of vehicles

iv. None of the above

b. In a multi-link suspension, each arm has a  joint or 
a rubber bushing at each end.

i. universal

ii. ball

iii. spring

iv. None of the above

c. Torsion axle and shock absorber are a part of semi-independent suspension.

i. True

ii. False

d. Strut assembly and knuckle assembly are a part of non-independent suspension.

i. True

ii. False

Notes
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Answers: Classification of Suspension System

Question Number Answer

1

a. i

b. ii

c. i

d. ii
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Types of Suspension System
At the end of this session you will be able to:

 T state the types of suspension system;

 T describe the working of different types of suspension system.

Session Plan
1 Introduction

2 Types of Suspension System

3 Key Learnings

4 Worksheet

Introduction

Automobiles are available in different suspension systems. The usage of the suspension system depends 
on vehicle design and application.

Types of Suspension System

The different types of suspension systems used in automobiles are:

Non-independent suspension 
components

U-bolt Shackle Upper/lower 
insulators

McPherson strut suspension

It consists of a steel wire rolled in a form of a spring around a strut. The upper end is connected to a fixed 
mounting and the lower to the wheel hub. The strut acts as a damper to minimise the springing action.

Operation 

 T When the vehicle moves over a bump, the road unevenness is 
transferred to the suspension. 

 T The spring around the strut absorbs the energy and releases the 
same after the vehicle crosses the bump. 

 T The strut acting as a damper reduces the oscillations and brings the 
springing motion to a halt. 

 T Advantage of such a setup is better ride quality.

Upper end

Lower end

Spring

Strut
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Upper control arm

Lower control arm

Control Arm Suspension 

 T When the vehicle moves over a bump, the road 
unevenness is transferred to the suspension. 

 T The spring around the strut absorbs the energy 
and releases the same after the vehicle crosses 
the bump. 

 T The strut acting as a damper reduces the 
oscillations and brings the springing motion to a 
halt. 

 T Advantage of such a setup is better ride quality.
Operation 

 T The coil spring is mounted between the upper and lower control arms. 

 T The lower control arm pivots on bushes. 

 T The bushes twist on the lower control arm pin, which is bolted to the cross-member of the 
vehicle. 

 T The lower control arm is longer than the upper control arm and moves up and down to 
accommodate movement in the suspension. 

 T The stop and rebound rubbers are used to prevent direct metal-to-metal contact, if the suspension 
should reach its maximum limit of travel.

Leaf Spring Suspension 

Leaf spring suspension consists of strips of steel stacked 
vertically and held with the help of metal guides. It is 
mounted on the chasses and is fixed at one end and 
pivoted at the other.

The sold axle is bolted at the centre of the leaf spring 
with the help of U bolts and a mounting plate.

Fixed end

Metal guides
Steel strips

U Bolts

Pivoted end

Operation

 T When the vehicle travels over a bump the road shock is absorbed by the leaf spring and it 
elongates there by increasing its length. 

 T The increase in length is accommodated by the flexible shackle. 

 T The shock is then released when the vehicle crosses the bump. 

 T The leaf spring vibrates and comes to a halt once the force absorbed is fully nullified.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Name the different types of suspension system.

2. Explain the construction of McPherson strut suspension.

3. Explain briefly the operation of control arm suspension.

4. Explain the construction of leaf spring suspension.
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Worksheet

1. Read the questions and tick the correct answer.
a. When the vehicle moves over a bump, the road unevenness is transferred to the

 .

i. brakes

ii. suspension

iii. springs

iv. None of the above

b. An example of control arm suspension is  wishbone 
suspension.

i. single

ii. double

iii. triple

iv. None of the above

c. The lower control arm is longer than the upper control arm and moves up and down to
accommodate movement in the suspension.

i. True

ii. False

d. The leaf spring suspension consists of strips of steel stacked vertically and held with the
help of  .

i. metal guides

ii. joints

iii. U bolts

iv. springs
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Notes
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Answers: Types of Suspension System

Question Number Answer

1

a. ii

b. ii

c. i

d. i
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Introduction to Wheels and Tyres
At the end of this session you will be able to:

 T state the functions of the wheel;

 T state the functions of  the tyre;

 T list the materials used in manufacturing tyres;

 T state the types of tyres.

Session Plan
1 Introduction

2 Wheels and Tyres

3 Wheel

4 Tyre

5 Key Learnings

6 Worksheet 

Introduction

A wheel is considered to be the greatest mechanical invention of all time and is used to move heavy 
objects from one place to another by applying minimum effort.

Wheels and Tyres

Wheels and tyres are vital components of an automobile in order to make it 
move from one place to another. Without the use of wheels and tyres it is not 
possible to even tow the vehicle.
Wheels and tyres are manufactured in different sizes depending on the place 
of application and are not interchangeable. For example: trailer tyres cannot be 
used on a car as they are large and will not adapt to the design and vice-versa.

A pre-defined air pressure needs to be maintained in the tyre to minimise wear and achieve maximum 
fuel efficiency.

Potter’s Wheel Modern Day Wheel
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Wheel

The wheel is the greatest mechanical invention by man. It all began with the potter’s wheel and has 
evolved to the design that we see in today’s automobiles.

The wheel is mounted on an axle that penetrates through the centre axis of the wheel and rotates 
when external power or force is applied to the axle.

The different types of wheels used in today’s automobiles are:            

 T  steel wheels;

 T  alloy wheels.

Wheel is a non-wearing component and hence need to be replaced only if damaged.

Purpose of a wheel

The purpose of a wheel is to move a heavy object from one place to another 
with ease when external power/force is applied to it.

In an automobile the force is applied by the engine via the transmission 
and the driveshaft.

Tyre

A tyre is a ring-shaped covering that fits around a wheel’s rim to 
protect it from damage and enable better vehicle performance. It is 
a component which makes contact with the road when the vehicle is 
being moved.
Tyres are available in various grip designs, diameters and widths; and 
are made with a mixture of rubber, nylon and fibre glass that tend to 
wear after a long period of time.

The different types of tyres used in today’s automobiles are: 

 T  tube tyres 

 T  tubeless tyres
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. The wheel is the greatest mechanical invention by man. Explain.

2.  What are tyres generally made of?

3. List the uses of tyres in automobiles.

4.  Why a pre-defined air pressure needs to be maintained in a tyre?
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Worksheet

1. Read the questions and choose the correct answers.
a. A tyre is a ring-shaped covering that fits around a  to 

protect it from damage and enable better vehicle performance.

i. wheel bolt

ii. centre bore

iii. wheel’s rim

iv. None of the above

b. The wheel is mounted on an axle that penetrates through the
of the wheel and rotates when external power or force is applied to the axle..

i. centre of axis

ii. centre of gravity

iii. major axis

iv. minor axis

c. In an automobile the force is applied by the engine via the transmission and the
 .

i. steel shaft

ii. driveshaft

iii. torsion bar

iv. tyres

d.  Tyre absorbs shocks transmitted to the vehicle caused due to road irregularities.

i. True

ii. False
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Notes
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Answers: Introduction to Wheels and Tyres

Question Number Answer

1

a. iii

b. i

c. ii

d. i
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Types of Wheels and Tyres
At the end of this session you will be able to:

 T  state the different types of wheels available for automobiles;

 T state the different tyres available for automobiles;

 T identify the tyre tread design and its significance;

 T read the specifications on the tyre. 

Session Plan
1 Introduction

2 Type of Wheels 

3 Type of Tyres

4 Tyre Tread Design

5 Reading a Tyre 

6 Key Learnings

7 Worksheet

Introduction

Automobile wheels and tyres are available in various specifications 
and tread designs, depending on their application. It is necessary 
to know how to read a tyre when replacing a worn one, so that the 
vehicle is replaced with the correct specification tyre.

Alloy Wheels

Type of Wheels

The different types of wheels used in automobiles today are: 

Types of Wheels

Alloy WheelsSteel Wheels
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Steel Wheel

Steel wheels are least expensive on the whole and are made of a steel plate. These use high quality 
steels with high mechanical strength and are heavy in construction. They also facilitate use of stylish 
wheel covers to improve the aesthetic appeal of the wheels. 

Steel wheels are used in applications where costs are to be kept low. 

Steel Wheel Steel Wheel Wheel Cover

Alloy wheel

Alloy wheels are made from an alloy of aluminium and magnesium. They are 
typically lighter for the same strength and provide better heat conduction 
and improved cosmetic appearance over steel wheels.

Light weight construction reduces unsprung mass and allows the suspension 
to follow the terrain more closely thus improving road grip. Reduction of 
overall weight of the vehicle also results in lesser fuel consumption.

Alloy Wheel
These are more expensive as compared to steel wheels.

Type of Tyres

The different types of tyres used in automobiles today are:

 T Tube tyres 

 T  Tubeless tyres

Tube Tyres

The tyre is made of reinforced rubber and has an inner tube enclosed, which is filled with compressed 
air. In this case the air valve is a part of the tube.

During an event of a puncture the air escapes instantly as the air pressure finds an escape route through 
the valve and the puncture hole.

Tubeless Tyres

Tubeless tyre holds the compressed air between the wheel rim and the tyre itself without an inner 
tube. In this case the air valve is fixed on the wheel rim.

During an event of a puncture the loss of air in very slow as the air pressure finds an escape route only 
through the narrow gap made by the penetration of a nail valve and the puncture hole.



Auto Service Technician 

59

Tyre Tread Design

Tyre tread design is based on the following parameters

 T  Groove

 T  Pitch

Groove

Groove is a hollow part or the tread and makes the tyre pattern. 
Tyres come in different patterns and grooves, from the simple 
block pattern to the modern V tread designs.

The hollow part (the groove) is designed to channel the water 
out and away. As the tread wears the groove becomes less 
hollow and apparent.

Groove

Pitch

Pitch 

The pitch is the small tread at the edge of both sides of the tyre 
and often wears out before the rest of the tyre. The function of the 
pitch is to enhance the performance providing better steering and 
stability.

The pitch is mostly visible on winter tyres, the pitch functions to 
byte the road and grip the ice.

The basic tread designs used in automobiles today are:

Basic Tread Designs 

Asymmetric pattern Zigzag shapeRib shape Block shape

Rib Shape

The design of this pattern is like a rib shape with the grooves running 
from the centre to the edges like a rib pattern. This pattern aids faster 
water drainage and hence gives good traction on wet roads.

This pattern is commonly found on most tyres and is suitable for all car 
types.
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Asymmetric Pattern

These tyres have a different tread design on the inside to the outside 
and give an impression of two different tyres joined in the middle.

The sides differ in pattern to give different functionality; the inside 
offers better cornering traction while the outside is designed to channel 
water away.

This type of design is commonly found on high-performance vehicles.

Block Shape

This type of pattern has a block shape design. The grooves are very 
small and the tread pattern is very tight and close.

This pattern is mostly seen on winter and all season type tyres. 

ZigZag Shape

This is a classic tread design and is used in commercial vehicle.

In this design the grooves are cut in a zigzag design and give the tyre low 
rolling resistance, low heat generation and are ideal for long journeys.

Reading a Tyre

 T  Tyres used in automobiles are as per application of the vehicle or type of vehicle.

For example trucks are equipped with larger tyres compared to passenger cars as they need to 
carry heavy load .

Car Tyre Truck Tyre
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 T  In order to identify a tyre you need to be able to read its nomenclature. 

2 1 5 / 60 R 16 95 H

Tyre width Aspect ratio Radial Rim diameter in inches Load index Speed code letter

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. How are alloy wheels better than steel wheels? Give reasons.

2.  Explain the working of tube and tubeless tyres.

3. What is a groove?

4.  List the basic tread designs used in automobiles today. Explain the significance of
each.
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Worksheet

1. Read the questions and choose the correct answers. 
a.  construction automobiles reduce unsprung mass and 

allows the suspension to follow the terrain more closely  thus improving road grip. 

i. Light weight

ii. Heavy weight

iii. Mid weight 

iv. All of the above

b. The function of the  is to enhance the performance and 
provide better steering and vehicle stability. 

i. groove

ii. pitch

iii. rain tyre

iv. None of the above

c. The  type of tyre thread design is commonly found on high-
performance vehicles and to a greater extent on the wider tyres.

i. rib shape

ii. asymmetric pattern

iii. block shape

iv. zigzag shape

d.  The reading of a tyre is 240/60 R 18 89 H, 240 signifies .

i. tyre width

ii. aspect ratio

iii. rim diameter in inches

iv. load index
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Notes
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Answers: Types of Wheels and Tyres

Question Number Answer

1

a. i

b. ii

c. ii

d. i
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Tyre Conditions
At the end of this session you will be able to:

 T state the need for maintenance of tyres;

 T state the factors responsible for wear of tyres.

Session Plan
1 Introduction

2 Tyre Wear

3 Tyre Pressure Specification

4 Tyre Inflation

5 Key Learnings

6 Worksheet 

Introduction

Due to enormous usage of the vehicle, the tyres are prone to wear. This wear can be of different types 
and due to numerous reasons. It is important to maintain the tyre to improve its life span.

Tyre Wear

Tyres tend to wear after prolonged usage or due to other variables like tyre pressure, loading, camber 
angle etc. Worn tyres can cause skidding on wet surfaces during harsh braking causing injuries to the 
travellers; hence it is necessary to maintain the tyres and related components on a regular basis.

The different types of wear that can be seen frequently in automobiles are:

 T  wear on outside edges;  T  wear at the centre of the tyre;

 T  wear on one of the edges;  T  feathered tyre;

 T  scalloped tyre.

Wear on Outside Edges

This type of tyre wear is noticed in tyres that are run at a pressure that 
is below the predefined pressure. This is caused due to the excessive 
contact between the outer edges of the tyre and the road surface as the 
vehicle travels.

Outer Edges
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Center of the Tyre

Wear at the Centre of the Tyre

This type of tyre wear is noticed in tyres that are over inflated than the pre-defined 
pressure. This is caused due to the excessive contact with the centre of the tyre 
and the road surface as the vehicle travels. 

Wear on One of the Edges 

This type of tyre wear is noticed in vehicles with excessive positive or 
negative camber angle. This is caused due to the excessive contact with 
one side of the tyre and the road surface as the vehicle travels.

Wear on One Edge

Feathered Tyre

Feathered Tyre

This type of tyre wear is noticed in vehicles with worn tie rods or the vehicle 
needs to be aligned. This is caused because the ball studs get loose in their 
sockets allowing the tires to toe in/out as the vehicle travels. 

Scalloped Tyre

This type of tyre wear is noticed in vehicles with bad shock absorbers and 
out of balance tyres.

Scalloped Tyre

Tyre Pressure Specification

In order to prevent damage and increase the life of the tyre we need to maintain the prescribed inflation 
pressure in all tyres. If pressure is not maintained it can lead to the following problems.
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Problems Causes

Over inflation
 T hard drive 

 T tyre bursting or damage 

 T rapid tread wear at the centre of the tyre

Under inflation

 T tyre squeal on turns 

 T hard steering 

 T rapid and uneven wear on the edges of the tread 

 T tyre rim bruises and rapture 

 T tyre cord breakage 

 T high tyre temperatures

Unequal tyre pressure on same 
axle

 T uneven braking 

 T steering lead 

 T reduced handling 

 T torque steer

Tyre Inflation

It is very important that you check the inflation pressure atleast once a 
month with an accurate tyre pressure gauge.

The inflation pressure needs to be checked while the tyres are cold and 
not have been used recently. If not done so it can cause an inaccurate 
reading.

The table below can be followed when inflating the tyre to convert BAR 
to PSI depending on the type of gauge used.

BAR PSI BAR PSI BAR PSI BAR PSI BAR PSI
1.30 bar 17 psi 1.90 bar 27 psi 2.60 bar 37 psi 3.25 bar 47 psi 3.95 bar 57 psi
1.35 bar 18 psi 1.95 bar 28 psi 2.65 bar 38 psi 3.30 bar 48 psi 4.00 bar 58 psi
1.40 bar 19 psi 2.00 bar 29 psi 2.70 bar 39 psi 3.40 bar 49 psi 4.10bar 59 psi
1.45 bar 20 psi 2.10 bar 30 psi 2.75 bar 40 psi 3.50 bar 50 psi 4.15 bar 60 psi
1.50 bar 21 psi 2.15 bar 31 psi 2.80 bar 41 psi 3.55 bar 51 psi 4.50 bar 61 psi
1.55 bar 22 psi 2.20 bar 32 psi 2.90 bar 42 psi 3.60 bar 52 psi 4.80 bar 62 psi
1.60 bar 23 psi 2.25 bar 33 psi 3.00 bar 43 psi 3.70 bar 53 psi 5.20bar 63 psi
1.70 bar 24 psi 2.30 bar 34 psi 3.05 bar 44 psi 3.75 bar 54 psi 5.50 bar 64 psi
1.75 bar 25 psi 2.40 bar 35 psi 3.10 bar 45 psi 3.80 bar 55 psi 5.85 bar 65 psi
1.80 bar 26 psi 2.50 bar 36 psi 3.20 bar 46 psi 3.90 bar 56 psi 6.20 bar 66 psi
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. List the different types of wear on tyres that can be seen frequently in automobiles.

2. What is the reason for wear in tyres? State the variables that cause tyre wear.

3. What are the factors responsible for feathered tyre?

4.  List the problems a tyre can have if the pressure is not maintained.
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Worksheet

1. Read the questions and choose the correct answers.
a. The  type of wear is caused because the ball studs get 

loose in their sockets allowing the tyres to toe in/out as the vehicle travels.

i. feathered tyre

ii. scalloped tyre

iii. centre tyre

iv. outside tyre

b. The  type of tyre wear is noticed in vehicles with bad 
shock absorbers and out of balance tyres.

i. feathered tyre

ii. scalloped tyre

iii. centre tyre

iv. outside tyre

c. The  kind of damage is caused due to over inflation.

i. hard drive

ii. tyre bursting or damage

iii. rapid tread wear at the centre of the tyre

iv. All of the above

d. The inflation pressure needs to be checked while the tyres are cold and not have been
used recently.

i. True

ii. False
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Notes

Answers: Tyre Conditions

Question Number Answer

1

a. i

b. ii

c. iv

d. i
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Introduction to Wheel Alignment

At the end of this session you will be able to:

 T descibe wheel alignment

Session Plan
1 Introduction

2 Introduction to Wheel Alignment

3 Wheel Alignment Angles

4 Key Learnings

5 Worksheet 

Introduction

Wheel alignment is important to reduce tyre wear and ensure vehicle stability. This is done by adjusting 
the angle of the wheel.

Introduction to Wheel Alignment

Alignment is a process of arrangement of suspension angles of vehicle as per the manufacturer’s 
specification so that the vehicle moves in straight ahead position in straight level roads. The angles to be 
adjusted are:

 T  camber

 T  caster

 T  toe angles

Wheel Alignment Angles

In order to prevent damage and increase the life of the tyre we need to maintain the prescribed inflation 
pressure in all tyres. If pressure is not maintained it can lead to the following problems.

Camber

Camber is the inward or outward tilt of the top of the wheel 
as viewed from the front.

Typical range for camber angles are:

 T  Front camber: 00  ±  10

 T Rear camber: 50  ±  10
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Zero Camber

 T  wheel is vertical when viewed from the front;

 T  measured as zero degrees;

 T  applicable to front and rear tyres.

Reasons to use zero or near zero camber

 T  extremely wide tyres;

 T  positive offset rims;

 T  extended tyre life.

Positive Camber

 T  top of the tyre leans outboard when viewed from the front;

 T  measured in degrees;

 T  primarily used on front wheels.

Reasons to use Positive Camber

 T  places load inboard on spindle;

 T  increases road isolation;

 T  increases directional stability. Excessive Wear

Note:

• Outside shoulder wears off due to excessive positive camber angle.

Negative Camber

 T  top of tyre leans inboard at the top when viewed from the front;

 T  measured in degrees;

 T  primarily used on rear wheels.

Reasons to use Negative Camber

 T  places load outboard on spindle;

 T  increased cornering ability;

 T  increases road shock and component wear.

Cross Camber

 T  Cross camber is the side-to-side difference in 
camber measurements.

 T  More than 1/20 difference side-to side may cause 
the vehicle to pull to the wheel with the most 
positive camber.
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Caster

 T  Caster is the forward or rearward tilt of the steering 
axis as viewed from the side.

 T  Typical Range of caster angle is 1º to 6º positive.

 T  Typical tolerance of caster angle is ± 1º.

Tyre wear factor of Caster 

 T  Tyres may show wear on both outer edges due to camber roll.

 T  Camber roll ─ the change in camber during a turn due to caster.

 T  The amount of camber change is relative to the amount of positive caster.

Zero Caster

When measuring zero caster the steering axis is vertical as viewed 
from the side and measured as 00.

Negative Caster

Forward tilt of the steering axis as viewed from the side and measured 
in degrees is known as negative caster.

Cross Caster 

Cross caster is the side-to-side difference in caster 
measurements. More than 1/2º difference side-to-side 
may cause the vehicle to pull to the wheel with the least 
positive caster.
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Positive Caster

 T  Rearward tilt of the steering axis as viewed from the side and 
measured in degrees is known as positive caster.

Benefits of positive caster

 T  helps to return wheels to straight ahead after being steered;

 T  helps to maintain directional stability.

Negative effects of excessive positive caster

 T  excessive steering effort and road shock;

 T  shimmy due to excessive speed of wheels returning to centre;

 T  steering damper used to control speed of steered wheels 
returning to centre.

Toe Angles

The toe angle identifies the direction of the tyres compared to the centre line of the vehicle.

Incorrect front toe angles may cause:

 T  outside shoulder wear

 T  inside shoulder wear

 T  wandering

 T  darting

Total toe changes as the speed of the vehicle increases.

Total Toe

The difference in the distance measured between lines drawn 
through the centre of tyres on the same axle is called total toe. 
Measurements are taken at the front and rear of the tyres.

Zero total toe is the equal distance when measured across the front 
and the rear of tyres on the same axle.

Toe-In

If the measured distance between the front of the tyres is shorter, it 
is considered to be toe-in. Example: if Front = 79 in and Rear = 80 in, 
then total Toe-in = 1 in.

Excessive tow-in can cause the tyres to wear on the outside shoulder.
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Toe-Out

If the measured distance between the fronts of the tyres is shorter, 
it is considered to be toe-out. Example: if Front = 80 in and Rear = 79 
in, then the total Toe-out = 1 in.

Excessive toe-out can cause inside tyre shoulder to wear.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What is wheel alignment? What are the angles that are to be adjusted for wheel
alignment?

2.  What is positive chamber in wheel alignment? State its benefits.
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3.  What is caster in wheel alignment? Mention its range and tolerance value.

4. Differentiate between toe-in and toe-out angles in wheel alignment.

Worksheet

1. Read the questions and choose the correct answers. 
a. The typical range for camber angles are .

i. Front camber: 00  ±  0.10; Rear camber: 50  ±  20

ii. Front camber: 00  ±  10; Rear camber: 50  ±  10

iii. Front camber: 20  ±  10; Rear camber: 40  ±  10

iv. Front camber: 0.50  ±  10; Rear camber: 00  ±  10
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b.  In cross camber, more than  difference side-to-side may 
cause the vehicle to pull the wheel with the most positive camber.

i. 10

ii. 1/20

iii. 0.50

iv. 1.50

c.  is the change in camber during a turn due to caster.

i. Negative caster

ii. Cross chamber

iii. Chamber roll

iv. Cross caster

d.  The amount of camber change is relative to the amount of positive caster.

i. True

ii. False

Notes
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Answers: Introduction to Wheel Alignment

Question Number Answer

1

a. ii

b. ii

c. iii

d. i
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Wheel Alignment Procedures
At the end of this session you will be able to:

 T state the need for inspecting the elated components before wheel alignment; 

 T state the method of wheel alignment.

Session Plan
1 Introduction

2 Steps to Follow before Wheel Alignment

3 Inspection before Wheel Alignment 

4 Wheel Alignment Procedure

5 Wheel Balancing

6 Wheel Balancing Procedure

7 Safety Practices

8 Key Learnings

9 Worksheet 

Introduction

Various angles need to be adjusted as per the manufacturer’s suspension components in order to 
prevent wear of wheels and suspension components. The process of arranging these angles is known 
as wheel alignment. 

Steps to Follow before Wheel Alignment

The following inspections and adjustments need to be carried out in order to ensure accurate wheel 
alignment measurements:

 T Measure the inflation pressure of each tyre and adjust to the prescribed specification on the tyre 
placard if found less or more.

 T Verify the size of all the tyres and the specifications on the tyre placard if found different.

 T Inspect the tyres and the wheels for damage and debris.

 T Inspect the tyres for irregular or premature wear.

 T Inspect the tyres and the wheels for run out. If necessary, measure the run out of the tyres and 
the wheels.

 T Inspect the wheel bearings for backlash and excessive play.
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Inspection before Wheel Alignment

Inspect the following components for damage/wear and repair the same if possible or replace the 
component.

Steering knuckle Control arm Ball joint Bushing

Steering gear Tie rod Stabilizer shaft Spring

Wheel Alignment Procedure

The following procedure needs to be followed to achieve accurate wheel alignment angles:

 T  Centre the vehicle on the alignment rack.

 T  Push down on the front and rear bumper three times.

 T  Install the alignment heads to the vehicle.

 T Select the program on the alignment equipment.

 T  Compensate, level, and lock all of the alignment heads.

 T  Measure caster, camber and toe angles and record the same.

 T  Compare the measurements to the specifications mentioned in the Service Manual.
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 T  As per the specifications, adjust the below if required:

•  Adjust turning angles.
•  Adjust front and rear camber as per the specs mentioned.
•  Adjust the toe as per the specs mentioned.
•  Lower the vehicle from the alignment rack.

Wheel Balancing

Wheels have a tendency to vibrate at high speeds if not balanced properly, which can result in 
uncomfortable driving and premature wear of tyres.

Wheel balancing is carried out on all tyres periodically using a 
wheel balancing machine. This eliminates vibration of steering 
and prevents premature wear of tyres as well as suspension and 
steering components.

The two types of wheel balancing procedures followed in the 
automobile industry are:

 T  static balancing

 T  dynamic balancing

Static Balancing

Static balance is the equal distribution of weight around the wheel 
circumference. The wheel balances and positionsthe weight in 
order to offset the effects of a heavy spot. Wheels that have static 
imbalance can produce a bouncing action called tramp. 

Dynamic Balancing

Dynamic balance is the equal distribution of weight on each side of 
the tyre and wheel assembly centre line. The wheel balances and 
positionsthe weight in order to offset the effects of a heavy spot. 
Wheels that have dynamic imbalance have a tendency to move from 
side to side and can cause an action called shimmy. 
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Wheel Balancing Procedure

The following procedure needs to be followed to ensure the wheels are perfectly balanced:

 T  Raise the vehicle on a two post lift.

 T  Mark the location of the wheels to the wheel studs and mark the specific vehicle position on 
each tyre – LF, LR, RF, RR.

 T  Remove the tyre and wheel assemblies one at a time and mount on a spin-type wheel balancer.

 T Follow the wheel balancer manufacturer’s instructions for proper mounting techniques to be 
used on different types of wheels. Ensure that you use the correct type of balance weights for 
the type of wheel rim being balanced.

 T  Balance all four tyres and wheel assemblies close to zero.

 T Using the match marks made prior to removal, install the tyres and wheel assemblies to the vehicle.

 T  Lower the vehicle.

Safety Practices

Wheel balancing is carried out on a high speed moving machine and hence it is necessary to observe 
some safety practices before beginning the job.

 T Remove all stones stuck into the thread of the tyre.

 T  Remove all existing weights on the tyre as they may be corroded and can fly-out with the high 
speed.

 T Always wear goggles to avoid being hit in the eye by flying objects.
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 T  Keep the tyre covered with the cover provided by the machine 
manufacturer to prevent accidents.

 T  Use a hammer appropriately to remove and install weights 
on the wheel.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are the steps involved to ensure accurate wheel alignment measurement?

2.  What is the prime use of a wheel balancing machine?

3. What is static balance? Explain briefly.

4.  Explain the procedure that needs to be followed to ensure that the wheels are
perfectly balanced.
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Worksheet

1. Read the questions and choose the correct answers.
a.  The  components should be checked for damage/wear in 

wheel alignment procedure.

i. steering knuckles

ii. ball joints

iii. stabilizer shafts

iv. All of the above

b. For accurate wheel alignment, the front and rear bumper should be pushed down
.

i. 1 time

ii. 2 times

iii. 3 times

iv. 4 times

c. The measurement of caster, camber and toe angles should be compared to the
specifications mentioned in the service manual.

i. True

ii. False

d. In dynamic balancing, wheels have a tendency to move from side to side and can cause an
action called .

i. tramp

ii. shimmy

iii. wobbler

iv. None of the above
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Notes
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Answers: Wheel Alignment Procedures

Question Number Answer

1

a. iv

b. iii

c. i

d. ii
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Introduction to Steering System
At the end of this session you will be able to:

 T state the functions ofsteering system;

 T describe the design and layout of steering mechanism.

Session Plan
1 Introduction

2 Purpose of Steering

3 Design of Steering Mechanism

4 Functions of Steering Mechanism

5 Gears

6 Steering System Layout

7 Key Learnings

8 Worksheet

Introduction

Steering in a vehicle is used to move or point the front wheels in the desired direction. The main 
mechanism here is to convert the rotational motion into angular motion of the front wheels. A set of 
gears are used to transfer the steering input given by the driver to the wheels.

Purpose of Steering

The purpose of a steering in an automobile is to turn the 
vehicle in the desired direction by moving or pointing the 
front wheels in that particular direction when the vehicle 
is moving or is stationary (at the start) with the help of a 
steering wheel (in case of a four wheeler)or a handle bar (in 
case of a two wheeler). 

The steering mechanism converts rotational motion into 
angular motion of front road wheels.
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Design of Steering Mechanism

Design of Steering Mechanism

The basic design of the steering mechanism must satisfy the 
Ackermann condition.

“When the extensions of the wheel axis on the left and right 
of the front wheels are at an angle, they intersect at an 
extension of the axis of the rear axle.”

Function of Steering Mechanism

The steering mechanism should fulfil the following criteria:

 T  The steering system should be very accurate and easy to handle.

 T  The effort required to steer should be minimum and should not create fatigue to the driver.

 T  The steering mechanism should also provide directional stability, this implies that the vehicle 
should have the tendency to return to its straight ahead position once the driver releases the 
force applied on the steering wheel.

Gears

The steering mechanism uses gears to transfer the steering input given by the driver 
to the road wheels.

Gear

 T  A gear is a rotating machine part having cut teeth which mesh with 
another toothed part in order to transmit torque.

 T  Two or more gears working in tandem are called a transmission and 
can produce a mechanical advantage through a gear ratio and is 
considered as a simple machine.
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A steering system uses a gear train with two gears in which the 
input gear or drive gear transmits power to the output gear, also 
known as the driven gear.

 T  The input gear is connected to the steering column and is 
driven by the driver.

 T  The output gear is connected to the steering mechanism 
and alters the steering angle of the road wheels. Driving Gear

Driven Gear

Steering System Layout

Steering Knuckle Pivots
Steering  

Knuckle Arms

Drack Link Tie Rod

Pitman Arm
Steering 

 Gear
Steering 
Column

Steering 
Wheel

The steering system consists of the following components:

 T  steering wheel 

 T  steering column 

 T  steering gearbox 

 T  pitman arm 

 T  drag rod 

 T  tie rods 

 T  steering knuckle arms 

 T  steering knuckle pivots.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What is an Ackermann condition?
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2.  List out the standards/criteria in steering mechanism.

3. In a steering mechanism, what is the main function of gears?

4.  What are the different components of steering system?
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Worksheet

1. Read the questions and choose the correct answers.
a.  A gear is a rotating machine part having cut teeth which mesh with another toothed part

in order to transmit  .

i. force

ii. torque

iii. work

iv. acceleration

b. The function of the input gear or drive gear is to  .

i. transmit power to the input gear

ii. alter the steering angle of the road wheels

iii. transmit power to the output gear

iv. None of the above

c. The function of the output gear or drive gear is to .

i. transmit power to the input gear

ii. alter the steering angle of the road wheels

iii. transmit power to the output gear

iv. None of the above

Notes
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Answers: Introduction to Steering System

Question Number Answer

1

a. ii

b. iii

c. ii
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Types of Steering Systems
At the end of this session you will be able to:

 T state the diferent types of steering systems;

 T state the use of the diferent types of steering systems. 

Session Plan
1 Introduction

2 Types of Steering Systems used in Automobiles

3 Rack and Pinion Steering System

4 Re-circulating Ball and Nut

5 Power Steering Systems

6 Key Learnings

7 Worksheet

Introduction

Automobiles use different types of steering mechanisms to transfer steering inputs from the driver to 
the wheels. In modernday vehicles, steering mechanism are also power assisted to reduce the effort 
required to steer the vehicle.

Types of Steering Systems used in Automobiles

The different types of steering system setups used in automobiles are:

 T  rack and pinion steering system;

 T  re-circulating ball and nut.

Rack and Pinion Steering System

A rack and pinion is a pair of gears which convert rotational 
motion of the steering wheel into linear motion. It gives the 
driver directional stability and is used mainly in cars and 
lighter vehicles. 

The main components of this system are:

 T  rack;

 T  pinion. PinionRack
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Re-circulating Ball and Nut

A re-circulating ball and nut system is an assembly of screw 
and a nut which drives a gear and further turns the wheels. 
This is used mainly in heavy vehicles. 

The main components of this system are:

 T  sector gear;

 T  ball and nut system;

 T  recirculating ball bearings;

 T  gear.

Power Steering Systems

Automobiles are equipped with power assisted steering systems to reduce driver fatigue and improve 
steering efficiency.

The different types of power assisted steering systems are:

 T  hydraulic power assisted steering;

 T  electric power steering;

 T  electro-hydraulic power steering.

Hydraulic Power Assisted Steering 

This system uses a hydraulic pump driven by the engine 
to provide assistance to the driver while steering. Due to 
hydraulics, greater assistance is provided; therefore these 
systems are used in larger cars and heavier vehicles. 

The main components of this system are:

 T  Hydraulic pump;

 T  Hydraulic cylinder and piston;

 T  Hydraulic fluid lines;

 T  Control valve.
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Torgue Sensor

Elecric Motor

Electric Power Steering 

This system uses an electric motor powered by the battery 
to provide assistance to the driver while steering. These 
systems are lighter, easier to maintain and can vary assistance 
perfectly to the vehicle speed for better control i.e. greater 
assistance at low speed and lesser assistance while the speed 
increases.

The main components of this system are:

 T  torque sensor;

 T  electric motor.

Electro-hydraulic Power Steering 

In this system the hydraulic pump is driven electrically, thereby 
enabling the assistance to vary perfectly to the vehicle speed 
while the hydraulics still provides greater assistance.

The main components of this system are:

 T  hydraulic pump;

 T  battery;

 T  control valve;

 T  hydraulic fluid lines;

 T  hydraulic cylinder and piston.

Hydraulic cylinder 
& piston

Control Value Hydraulic fuild Lines

Hydraulic Pump Battery

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Name the different types of steering system setups used in automobiles.
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2. What is a re-circulating ball and nut steering system?

3. Name the different types of power assisted steering systems.

4. What is electro-hydraulic power steering?

Worksheet

1. Read the questions and choose the correct answers.
a. A rack and pinion is a pair of  which converts rotational 

motion to liner motion.

i. screws

ii. setups

iii. gears

iv. nuts
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b.  Re-circulating ball and nut system are used mainly in  .

i. lighter vehicles

ii. heavy vehicles

iii. two wheelers

iv. None of the above

c. Power assisted steering systems improve  efficiency.

i. engine

ii. steering

iii. brake

iv. None of the above

d.  The main components of an electric power steering are
and electric motor.

i. speed sensor

ii. light sensor

iii. torque sensor

iv. None of the above

Notes
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Answers: Types of Steering Systems

Question Number Answer

1

a. iii

b. ii

c. ii

d. iii



Auto Service Technician 

99

Steering System Components
At the end of this session you will be able to:

 T identify the different components of the steering system;

 T state the functions of steering system components.

Session Plan
1 Introduction

2 Steering System Components

3 Key Learnings

4 Worksheet

Introduction

The steering components include steering column, universal joint, steering gear box, steering pump, tie 
rod with adjuster, reservoir, coupling with damper, steering arm/steering joint. All these components 
play an important role in the steering mechanism.

Steering System Components 

Steering System Components

The different steering components are:

Steering System  
Components

Steering pump 
Steering gear 

box 

Tie rod with 
adjuster 

Immediate shaft

Universal joint 

Steering column

Steering wheel

Steering arm/
steering joint 

Reservoir 

Coupling with 
damper 
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Steering Wheel

Steering wheel is a part of the steering system which controls the direction 
of the vehicle. 

Some cars in recent days are equipped with adjustable steering system to 
provide comfortable driving position. 

The adjust functions include ‘tilt’ (height adjustment) and telescopic (for 
reach). 

Steering Column

Steering Column

Steering column is a device that is intended primarily to connect the 
steering wheel to the gearing mechanism to transfer the driver’s input 
torque from the steering wheel to the wheels

Universal Joint

The universal joint is a device that is used to connect two shafts whose 
axes are inclined to each other. 

In a steering system it is used to connect the steering column to the 
pinion.

Intermediate Shaft

The intermediate shaft is a splined shaft and is used in between 
the steering column and the universal joint.

The shaft slides up and down to allow for flexing of the car on 
roads and turns. 

Steering Gear Box

It is a device which makes the steering wheel’s output, “the pinion” 
connect with the “rack”, a device which affects the front wheel’s 
forward angle. It also controls the ratio of steering wheel input to the 
actual steering output.

High performance cars will have a relatively low steering ratio, meaning minor steering wheel input will 
dramatically affect steering output while ordinary passenger vehicles will have higher ratios requiring 
more steering wheel input to produce a similar amount of vehicle steering.

Steering pump 

Hydraulic power for the steering is provided by a vane type pump. This pump 
is driven by the car’s engine via a belt and pulley. The amount of flow of fluid 
provided by the pump depends on the car’s engine speed. 
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Tie Rod with Adjuster

The tie rod connects the steering knuckle to the centre track rod/
rack. The adjuster is a nut between the tie rod end ball joint and 
the tie rod which is used to adjust the toe-in.

Reservoir

The fluid reservoir is a black container placed in the engine compartment and is easily 
accessible when the bonnet is opened.

It stores the power steering fluid which is required to assist when steering in a power 
steering system.

Coupling with Damper 

Coupling is a padding used for damping vibrations produced due 
to road irregularities.

The vibrations if not damped can cause discomfort when steering, 
the damper prevents the vibrations from reaching the steering.

Steering Arm/Steering Joint

The rack is connected to the wheel knuckle through two joints which are 
known as tie rods.   Tie rod ends has ball joint at the end and transfers the 
horizontal movement of the rack to the wheel. The toe is also adjusted by 
adjusting the tie rod.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. List out the different steering system components.
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2. What is the function of a universal joint in steering system?

3. How is the power steering pump driven?

4. Why is acoupling with damper used in steering system?

Worksheet

1. Read the questions and choose the correct answers.
a. High performance cars havea steering ratio .

i. low

ii. high

iii. medium

iv. variable
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b.  The reservoir in the engine compartment stores  .

i. fuel

ii. auto lubricants

iii. power steering fluid

iv. None of the above

c.  Steering column is a device that transfers the driver’s input torque from the steering wheel
to the wheels.

i. True

ii. False

d.  The two joints that connect the rack to the wheel knuckle are called
. 

i. speed sensor

ii. light sensor

iii. torque sensor

iv. None of the above

Notes
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Answers: Steering System Components

Question Number Answer

1

a. i

b. iii

c. i

d. ii



Auto Service Technician 

105

Introduction to Basic Braking System
At the end of this session you will be able to:

 T state the purpose of braking system in an automobile;

 T describe the working of a braking system.

Session Plan
1 Introduction

2 Purpose of Brakes

3 Friction

4 Co-efficient of Friction

5 Types of Friction

6 Application of Brakes

7 Key Learnings

8 Worksheet

Introduction

Brakes are an important component in any system that contains motion, in order to reduce the intensity 
of rotation or get it to a halt. They work on the principle of friction. 

Purpose of Brakes

Brakes in any application are used to reduce the speed of a moving object. In automobiles it is used to 
stop the vehicle and reduce the speed whenever and wherever required, thereby reducing accidents 
and mishaps. 

Brakes work on the principle of friction.

Friction

It is the force resisting the motion of solid surfaces, fluid layers, and material elements sliding against 
each other.

Coefficient of Friction

Every material has Coefficient of Friction (COF). It is the ratio of weight of an object and the frictional 
force that resists the motion. In brake COF describes frictional relationships between pads and rotors 
or drums and shoes. Most automotive friction materials have COF from 0.25 to 0.55.



Participant Handbook

106

Example: 

 T  If COF is -1 then it takes 100 pound force to slide 100 pound block.

 T  If COF is 0.1 then it takes 10 pounds of force to slide 100 pound block.

Pounds of Pull / Weight = Coefficientof Friction

20 Ibs of Force 100 Ibs of Force 

Cylinder BlockBlock of Ice
20/100 =0.2 (COP) 100/100 = 1 (COP)

Types of Friction

The various types of frictions are as mentioned below:

Dry friction Fluid friction Lubricated 
friction Skin friction Internal friction

It resists relative 
lateral motion of 
two solid  
surfaces in 
contact.

It is the friction 
between layers 
within a viscous 
fluid that are 
moving relative 
to each other.

It is a case of 
fluid friction 
where a fluid 
separates two 
solid surfaces.

It is a component 
of drag, the force 
resisting the 
motion of a solid 
body through a 
fluid

It is the force 
resisting motion 
between the  
elements  
making up a solid 
material while it 
undergoes  
deformation.

Dry friction are of 
two types:

 T Static friction: 
between 
non-moving 
surfaces.

 T Kinetic friction 
between 
moving 
surfaces.

Application of Brakes

In day-to-day life brakes can be seen in various applications such as:

Cycle

 T The rubber brakes used in this application stop or minimise the speed of motion once the rider 
pulls the lever on the handle bar.
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Cars

 T  Brakes reduce the speed of the vehicle when the driver presses the brake pedal or even brings it 
to a halt, thereby reducing/preventing accidents.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. State the purpose of brakes.

2. What is friction?

3.  What is a Coefficient of Friction (COF)?

4.  Name the different types of frictions.
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Worksheet

1. Read the questions and choose the correct answers. 
a.  The Coefficient of Friction is  when sliding a 50 pound 

block by 100 pounds of force.

i. 0.1

ii. 5

iii. 0.5

iv. 10

b. The friction between layers within a viscous fluid that are moving relative to each other 
is called  friction. 

i. dry

ii. fluid

iii. lubricated

iv. skin

c. Most automotive friction materials have COF between .

i. 0.25 to 0.55

ii. 0.1 to 0.5

iii. 0.22 to 0.55

iv. 030 to 0.56

d.  In cycle, brakes are applied by pulling the  on the hand bar. 

i. shaft

ii. lever

iii. spoke

iv. None of the above
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Notes
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Answers: Introduction to Basic Braking System

Question Number Answer

1

a. iii

b. iii

c. i

d. ii
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Types of Brake Systems
At the end of this session you will be able to:

 T state types of brake systems;

 T describe the working principle of the different types of brake systems.

Session Plan
1 Introduction

2 Brake Systems

3 Hydraulic Brake System

4 Hydraulic Brake System Layout

5 Working Principle of Hydraulic Brakes

6 Operation of Hydraulic Brake System

7 Vacuum Assisted Hydraulic Brake System

8 Working Principle of Vacuum Assisted Hydraulic Brakes

9 Hydraulic Brake Sub Systems

10 Key Learnings

11 Worksheet

Introduction

Vehicles are equipped with different braking systems, working on specific braking principles. The use of 
each of these braking systems in an automobile is decided based on application.

Brake Systems

In automobiles, braking systems can be classified into the following categories:

a. hydraulic braking system;

b. vacuum assisted hydraulic braking system.
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Hydraulic Brake System

Foot Padel

Pipeline

Master 
Cylinder 
Piston Wheel 

Cylinder 
Piston

Master Cylinder
Piston P1 Piston P2

Wheel Cylinders

Hydraulic brake is an arrangement of a braking 
mechanism. It uses brake fluid to transfer 
pressure from the controlling unit (usually the 
brake pedal) to the brake mechanism, which is 
disc or drum brake that is located at the wheel 
of the vehicle.

Hydraulic Braking System Layout

The different hydraulic brake circuit configurations are as below:

II distribution pattern:

 T Front axle/rear axle split.

 T One circuit brakes the front axle and the other circuit 
brakes the rear axle.

X distribution pattern

 T Diagonal distribution pattern.

 T Each circuit brakes a given front wheel and the diagonally 
opposite rear wheel.

HI distribution pattern

 T Front axle and rear axle/front axle split.

 T One circuit brakes the front and rear axles, and the other 
circuit brakes only the front axle.

LL distribution pattern

 T Front axle and rear wheel/front axle and rear wheel split.

 T Each circuit operates both front wheels and one rear wheel.
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HH distribution pattern

 T Front axle and rear axle/front axle and rear axle split.

 T Each circuit operates all four wheels.

Working Principle of Hydraulic Brakes

Hydraulic brakes work is based on Pascal’s law of hydraulics.

Pascal’s Law

 T Liquids do not compress. Mechanical force that is applied to a liquid is transformed into hydraulic 
pressure and dispersed in all directions. 

 T Therefore, if the liquid is contained and only allowed to move in one direction, the pressure 
within the liquid causes it to flow in the direction of least resistance.Pressure from the liquid 
then transmits to the object at the end of the path.

In this example there are two pistons of an equal diameter. If these pistons are connected by a liquid 
filled tube and then force is applied to one piston the liquid pressurises and moves the other piston.

Since both pistons are the same size the pistons move the same distance.

Glass Cylinders
Pistons

Oilled Filled Pipe

If one piston is pushed down a distance of one inch, 
the other piston moves the same distance because the 
same amount of fluid is displaced at both ends of the 
tube.

The force is also equal at both pistons. If 50 pounds of 
force is applied at piston one, piston moves with 50 
pounds of force at the other end of the tube, regardless 
of tube length.

Hydraulic Principle
According to the hydraulic principle, force may be multiplied 
or increased by varying the size of the pistons in a hydraulic 
system. In the example shown in the figure, there is a piston 
of 2 square inches at one end of the system and a piston of 4 
square inches at the other end.If 10 pounds of force is exerted 
on the 2 square pistons, the 4 square inch piston moves with 
40 pounds of force. This hydraulic advantage occurs because 
hydraulic pressure is applied to a larger area, therefore force 
is multiplied. However this multiplication of force comes with 
a limitation, the amount of displaced fluid causes the larger 
piston to move only a fraction compared to the smaller piston, 
because one piston is smaller than the other.

10 Ibs Force

2 Inch Cylinder

InchesInches

4 Inch Cylinder



Participant Handbook

114

Operation of Hydraulic Brake System

The operation of hydraulic brake system layout is given below:

a. The brake pedal is pushed.

b. Hydraulic pressure is developed in the master cylinder.

c. Pressure flows through the lines and hose to the wheel cylinders and callipers.

d. Pressure forces the brake shoes/pads against the drum/rotors to reduce the speed stop
the vehicle.

Vacuum Assisted Hydraulic Brakes

This system is similar to the hydraulic braking system; the only inclusion is 
a vacuum assisted brake booster. The booster uses vacuum to amplify the 
braking force applied by the driver.

Working Principle of Vacuum Assisted Hydraulic Brakes

The brake booster uses negative pressure developed in the intake manifold during the intake stroke 
(petrol engine) or vacuum developed by a vacuum pump (diesel engine).

The foot pressure and the vacuum pressure combines to overcome the force of the compression spring 
and brakes are applied with improved efficiency and reduced braking effort.

Hydraulic Brake Sub Systems

Hydraulic brake sub systems can be classified into the following categories:

Hydraulic brake sub systems

Apply system
Hydraulic 

system

Balance 
control 
system

Wheel 
brakes 
system

Brake 
warning 
system
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a. Apply system

The following components in the hydraulic brake system can be 
categorised into apply systems:

Brake pedal

 T This is located at the foot of the driver and is used to apply brakes 
when necessary.

Pushrod

 T It is a lever that is connected to the brake pedal and the master 
cylinder piston. 

 T It transfers the force applied by the driver at the brake pedal to the 
master.

Push rod

Brake pedal

b. Apply system

The following components in the hydraulic brake system can be categorised into hydraulic systems:

Master Cylinder

 T This is a unit where the mechanical force exerted on the pedal is converted in to hydraulic 
pressure.

Fluid reservoir

 T It is a tank located over the master cylinder which provides 
fluid for the hydraulic braking system. 

Fluid lines

 T These are metal pipes that are connected between the 
master cylinder and the brake calliper assembly. 

 T They transfer fluid from the master cylinder to the brake 
calliper piston. 

c. Balance control system

The following components in the hydraulic brake system can be categorised into balance control
system:

Proportioning valve

 T It controls the fluid pressure to front and rear circuits.

Load Sensing Proportionating Valve (LSPV)

 T This device controls the fluid pressure to the rear brakes in accordance with changes in rear axle load.

 T When the LSPV detects a change in load weight the load spring deflects. 

 T Its reaction force is transmitted to the bottom of the load sensing valve to secure an optimum 
rear wheel cylinder fluid pressure break point in proportion to the actual load weight.
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Proportioning valve

d. Wheel brake system

The following components in the hydraulic brake system can be categorised into wheels brake system:

Brake calliper assembly (disc brakes)

 T It consists of a calliper piston and brake pads. 

 T The calliper piston pushes the brake pad towards the rotor (brake disc) to reduce the speed of 
the vehicle.

Drum brake assembly (drum brakes)

 T It consists of a circular drum and semi-circular brake shoes. 

 T The brake shoes push against the rotating drum to reduce the speed of the vehicle. 

Brake calliper assembly Drum brake assembly

e. Brake warning system

The following components in the hydraulic brake system can be 
categorised into brake warning system:

Fluid level sensor

 T alerts the driver for low fluid level.

Warning lamp

 T notifies the driver when the parking brake is engaged or a fault is 
present.

Fluid level sensor

Warning lamp
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the construction and principle of hydraulic brake system.

2. State the Pascal’s law.

3. What are the different components of hydraulic brake system? Explain eachbriefly.

4. Explain the construction and principle of brake calliper assembly (disc brakes).
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Worksheet

1. Read the questions and choose the correct answers.
a.  In  brake system layout, one circuit brakes the front and 

rear axles, and the other circuit brakes only the front axle. 

i. II distribution pattern

ii. X distribution pattern

iii. HI distribution pattern

iv. LL distribution pattern

b. According to hydraulic principles, force may be multiplied or increased by varying the
 of the pistons in a hydraulic system.

i. size

ii. length

iii. width

iv. None of the above

c. The booster in Vacuum assisted hydraulic brakes uses vacuum to amplify the braking
force applied by the driver.

i. True

ii. False

ci. The function of proportioning valve in balance control system is to control the
 pressure to front and rear circuits.

i. air

ii. fluid

iii. fuel

iv. coolant



Auto Service Technician 

119

Notes
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Answers: Types of Brake Systems

Question Number Answer

1

a. iii

b. i

c. i

d. ii
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Brake Systems Components
At the end of this session you will be able to:

 T identify the components of brake systems;

 T state the functions brake system components.

Session Plan
1 Introduction

2 Components of Disc Brake

3 Components of Drum Brake

4 Components of Parking Brake

5 Key Learnings

6 Worksheet

Introduction

The braking system comprises of various components and linkages that operate in sequence to transfer 
the force applied by the driver at the brake pedal to the brake disc or drum. Failure in a single component 
can cause brake failures.

Components of Disc Brake

The disc brake consists of the following components:

Components of 
 Disc Brake

Brake disc

Brake pads 

Calliper 
assembly

Piston
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Brake disc 

The brake disc is a circular disc that is mounted on the wheel hub.It can 
either be a ventilated disc or solid disc or crossed drill, based on the 
application, stamped with minimum thickness specifications.The use 
of ventilated disc provides better cooling.

Cooling Vents

Friction material

Brake pads

Brake pads are located inside callipers on both the sides of rotor. 

These are steel plates with attached friction material on its surface.

Friction materials can be semi-metallic non-asbestos organic compounds or 
ceramics.

Calliper assembly 

The brake calliper houses the piston and the brake pads.

Callipers can be of two types─ floating or fixed.

Piston 

It is a cylindrical component fitted in the calliper assembly which moves 
the brake pad on the brake disc when brakes are applied.

The number of pistons in a calliper is referred as the number of pots.The 
calliper can have one or more pistons.

Components of Drum Brake

The drum brake consists of the following components:

Components of 
Drum Brake

Brake 
drum

Wheel 
cylinder

Return 
spring

Self-
adjuster

Brake 
shoes
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Brake Drum 

It is a hollow cylindrical drum that is mounted on the wheel hub.

The braking surface is on the inside of the drum.

Wheel Cylinder 

This houses two pistons which move outward when the pressurised fluid 
enters the cylinder.

Brake Shoes

These are semi-circular metal plates mounted with friction material.They are 
pivoted at one end and connected to the wheel cylinder at the other end.

The shoe moving with the direction of rotation of the drum is called leading 
shoe; and the shoe moving against the direction of rotation is called the 
trailing shoe.

Friction material

Return Spring

The return spring is connected between both the brake shoes.

Once the brake pressure is released they help the brake shoes to return to their original 
place.

Return Spring

The return spring is connected between both the brake shoes.

Once the brake pressure is released they help the brake shoes to return to their 
original place.

Self-adjuster

The self-adjuster is used to adjust the distance between the brake shoe 
and the drum automatically as brake shoes wear.
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Components of Parking Brake

The parking brake consists of the following components:

Components of 
Parking Brake

Parking 
brake 

handle

Cable 

Parking 
brake 
lever

Parking brake handle 

The parking brake handle is located between the driver and co-driver 
seats.

It is used to apply and lock the parking brake at the rear wheels.
Parking Break Handle

Cable

Cable 

It is a metallic cable and is connected between the brake handle 
and the brake mechanism.

Parking brake lever

The lever is connected between the cable and the brake shoe.

It expands the brake shoe mechanism and keeps the brakes 
locked.  
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the construction and the use of a brake disc in the braking system.

2.  State the construction of a brake drum.

3.  State the construction and use of parking brake handle.

4.  What is the function of a parking brake lever?
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Worksheet

1. Read the questions and choose the correct answers.
a.  The friction materials used in brake pads is/are .

i. semi-metallic

ii. non-asbestos compounds

iii. ceramic

iv. All of the above

b. The two types of calipers in disc brakes are floating and . 

i. variable

ii. fixed

iii. legged

iv. None of the above

c.  The function of the return spring in drum brakes .

i. helps the brake shoe return to the original place

ii. adjusts the distance between brake shoe and drum brake

iii. helps keep the brake locked

iv. None of the above

d. The braking surface in brake drum is on the  of the drum. 

i. outside

ii. inside

iii. Both a.and b.

iv. None of the above
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Notes
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Answers: Brake Systems Components

Question Number Answer

1

a. iv

b.  ii

c. i

d. ii



Auto Service Technician 

129

Service Brakes and Parking Brake System

At the end of this session you will be able to:

 T state the use of service brakes and parking brakes.

Session Plan
1 Introduction

2 Service Brakes

3 Parking Brake System

4 Key Learnings

5 Worksheet

Introduction

The braking system in any automobile is divided into two sub-systems:one to stop/reduce the motion 
of the vehicle and the other to prevent the vehicle to roll down a slope when parked.

Service Brakes 

Service brakes can be categorised into the following:

Disc brakes Drum brakes

Service Brakes

Disc Brakes

A disc brake consists of a rotating disc connected to the wheel hub; brake pads 
with frictionmaterial are mounted on the disc.

Working of Disc Brakes

 T  Brakes are applied.

 T  Brake fluid from the fluid reservoir is pushed to the fluid lines/flexible hoses by the master 
cylinder.

 T  The pressurised fluid acts on the calliper piston.
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 T The piston is moved outwards.

 T The movement of the piston moves the brake pads towards the brake disc.

 T  Force is applied on the brake disc.

 T  The speed of the wheel is stopped or reduced due to friction between the brake pad and the 
rotating disc.

Drum brakes

A drum brake consists of a round drum connected to the wheel hub; brake shoes 
with friction material are mounted on the back plate inside the drum.

Working of drum brakes

 T  Brakes are applied.

 T  Brake fluid from the reservoir is pushed through the fluid lines/flexible hoses to the wheel 
cylinder by master cylinder.

 T  Pressurised fluid acts on the wheel cylinder pistons and move the pistons outwards.

 T  The movement of the piston moves the brake shoes towards the brake drum.

 T  Force is applied on the rotating drum.

 T  Due to friction between the brake shoe and the rotating drum the speed of the wheel is reduced.

Parking Brake System 

The parking brake is also called as handbrake or an emergency brake.

It is used to keep the vehicle stationary and sometimes even used 
to prevent the vehicle from rolling down when the driver needs to 
operate the clutch and accelerator pedal.

Different types of parking brakes are:

Parking Brakes

Drum in Disc BrakesDrum Brakes

Drum Brakes

When the driver pulls the hand brake handle the lever in the drum brake is pulled via the cable 
connected between both the components.

The lever in the drum brake expands the brake shoes and locks the drums and prevents it from rotating.

Once the lever is released the drums are set free and are able to rotate.
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Drum in Disc Brake 

In this construction the drum is situated at the centre of the brake disc. When the driver pulls the 
hand brake handle, the lever in the drum brake is pulled via the cable connected between both the 
components.

The lever in the drum brake expands the brake shoes and locks the drums and prevents it from rotating. 
Once the lever is released the drums are set free and are able to rotate.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are the two types of service brakes? Explain each briefly.

2.  Explain the working of drum brakes for service brakes.

3.  Explain the use of parking brake system.

4.  What is the function of lever in the drum brake of a parking brake system?
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Worksheet

1. Read the questions and choose the correct answers.
a. The speed of the wheel in disc brakes of service brakes is stopped or reduced due to

 between the brake pad and the rotating disc.

i. force

ii. friction

iii. acceleration

iv. None of the above

b.  In the drum brakes, due to friction between the brake shoe and the rotating drum the
speed of the wheel is reduced.

i. True

ii. False

c.  The lever in the drum brakes of a parking brake system  the 
brake shoes and locks the drums and prevents it from rotating.

i. contracts

ii. fixed

iii. expands

iv. None of the above

d.  The parking brake is also called as a handbrake or  brake.  

i. warning

ii. emergency

iii. signal

iv. None of the above
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Notes
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Answers: Service Brakes and Parking Brake System

Question Number Answer

1

a. ii

b. i

c.  iii

d. ii
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Introduction to ABS/EBD and ESC

At the end of this session you will be able to:

 T describe the working of electronic brake control system.

Session Plan
1 Introduction

2 Electronic Brake Control Systems

3 Working Principle/Operation

4 Schematic of ABS/EBD

5 Key Learnings

6 Worksheet

Introduction

Modern automobiles use electronic braking system such as ABS and EBD that improves the braking 
system and gives a good sense of security to the occupants.

Electronic Brake Control Systems

Anti-lock Braking System (ABS)

ABS electronically controls the braking force at each wheel.

It prevents the wheels from locking during an emergency stop on any 
surface, thus ensuring the driver is able to steer the vehicle and bring it 
to a controlled stop.

Electronic Brake-Force Distribution (EBD)

EBD automatically varies the amount of force applied to each wheel based on road conditions, speed, 
loading etc. in order to maximise stopping power while maintaining total control over the wheel.

Working Principle / Operation

Anti-lock Braking System

The ABS ECU takes wheel speed information from sensors, located within the hub carrier, and monitors 
the relative deceleration/acceleration of each wheel at all times.
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The signals are used to calculate the rotational deceleration (negative acceleration) rates for each 
wheel during braking operation.

In the event of a wheel slip condition the hydraulic system controls the brake line pressure by operating 
the appropriate solenoid valves within the hydraulic modulator, thus releasing the brake pressure from 
that particular wheel.

Once the wheel deceleration has recovered to within allowable limits the modulator allows pressure to be 
re-applied to the particular brake calliper or wheel cylinder from which the brake pressure was released.

Electronic Brake-Force Distribution

During normal braking there is always a level of load transfer from the rear axle to the front.

Due to this occurrence it is necessary to ensure that the rear axle wheels do not reach the point of lock 
before the front axle wheels.

To enable optimum braking at the rear axle while maintaining vehicle stability during braking, EBD is provided.

It enables the distribution of brake force between the front and rear axle brakes to be adjusted at any 
point of time, depending on the condition of the vehicle brakes, tyres, the road, or vehicle load conditions.

Schematic of ABS/EBD

ABS input-output block diagram

CAN

Lgnition  ON C15

ABS LED

EBD LED

Wheel Speed-ECU, TOD, IC

Fault Information IC

Torque Reduce Command 
to ECU

TOD Communication

ABS Apply valves

ABS Release

Return pump motor

HYDRAULIC 
MODULATROR

Ground

FRRH Wheel Speed Sens

RRRH Wheel Speed Sens

Direct Battery C30

FRLH Wheel Speed Sens

RRLH Wheel Speed Sens

4-Pin Brake Switch

CAN

ABS

ECU

H - 77

CAN

K-Line

CAN
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What is ABS?

2. Explain briefly the working principle for ABS.

3. What is EBD?

4. Explain briefly the working principle for EBD.
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Worksheet

1. Read the questions and choose the correct answers.
a.  prevents wheel lock up during an emergency stop. 

i. ABS

ii. EBD

iii. Brake assist

iv. None of the above

b.  automatically varies the amount of force applied to each 
wheel based on road conditions.   

i. ABS

ii. EBD

iii. Brake assist

iv. None of the above

c. In normal braking there is always a level of  transfer 
from the rear axle to the front.

i. force

ii. work

iii. load

iv. None of the above

d. The ABS ECU takes wheel speed information from  .

i. multi information display

ii. tachometer

iii. sensors

iv. cables
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Notes
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Answers: Introduction to ABS/EBD and ESC

Question Number Answer

1

a. i

b. ii

c. iii

d. iv
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Components of ABS and EBD

At the end of this session you will be able to:

 T identify the components of ABS/EBD and ESC brake control system.

Session Plan
1 Introduction

2 Components of ABS/EBD System

3 Key Learnings

4 Worksheet

Introduction

The electronic braking system is made of vital components that help in the proper functioning of ABS 
and EBD.

Components of ABS and EBD System

The following are the main components of ABS and EBD system:

ABS ECU/
HU

Toner 
ring

Wheel 
speed 

sensors
Warning 
indicator

Brake 
switch Main 

components 
of ABS and 
EBD system
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ABS Electronic Control U/HU

This is an electro-hydraulic device for reducing, holding and 
restoring pressure to one or more wheel brake, independent 
of the brake pedal effort applied by the driver.

Toner Ring

This is a magnetic toner wheel with teeth on it.

The toner wheel is fitted on to the wheel hub.

Wheel Speed Sensor

This measures the rate of rotation of a vehicle wheel; this 
is a critical component of vehicle anti-lock braking systems.

The ABS system consists of fourwheel speed sensors, two 
each at front and rear wheels and is mounted exactly above 
the magnetised toner wheel.

Warning Indicator

The ABS lamp illuminates once the ignition is turned ON, to 
check whether the indicator is working.

In case of a malfunction with the Antilock Brake System the ABS 
lamp will be turned ON and remain ON to remind the driver of 
the problem.

Brake Switch

The brake switch is located near the brake pedal and is 
connected to the battery and the tail lamps.

It indicated the following driver when brakes are applied by 
flashing the tail lamps, hence reducing accidents.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. List the components of ABS and EBD system.?

2. What is the function of ABS ECU/HU.

3. Explain the construction of brake switch?

4. What is a toner ring?
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Worksheet

1. Read the questions and choose the correct answers.
a. The wheel speed sensor measures the rate of of a 

vehicle wheel.

i. revolution

ii. rotation

iii. motion

iv. None of the above

b. The ABS system consists of  wheel speed sensors.   

i. 2

ii. 3

iii. 4

iv. 5

c. The ABS lamp illuminates once the ignition is turned ON.

i. True

ii. False

d. The speed sensors of the ABS system are mounted above the .

i. magnetised toner wheel

ii. battery

iii. tail lamps

iv. toner ring
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Notes
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Answers: Components of ABS and EBD

Question Number Answer

1

a. ii

b. iii

c. i

d. i
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Introduction to Vehicle Security and Passenger Safety 
Systems

At the end of this session you will be able to:

 T  state the importance of vehicle security and passenger safety systems.

Session Plan
1 Introduction 

2 Types of Security and Safety Systems

3 Key Learnings

4 Worksheet

Introduction

Safety and security are as important as any other factors and this should be considered as a priority on 
any car.

 T Vehicle security systems are systems that prevent the vehicle from theft and from unlocking and 
starting.

 T The various security system used in automobiles are

• Engine immobilizer;
• Central locking;
• Theft Deterrent or Content Theft Deterrent (CTD);
• Anti-theft wheel bolts.

Types of Passenger Safety and Security Systems

Engine Immobilizer

 T An immobilizer is an electronic device that is fitted to all vehicles in modern days to prevent 
vehicle theft.

 T It prevents the vehicle from starting without the use of an authorized key.
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 T The setup consists of a key that is coded, which needs to match 
the code in the Engine Control Module (ECM) to start the 
vehicle.

 T Vehicles are generally equipped with a fixed code system, in 
which the code is set at the time of manufacture.

 T However, manufacturers also equip some vehicles with floating 
code system for enhanced security.

 T In a floating code system, every time the vehicle is switched OFF 
and the key is removed the ECM generates a new code.

Central locking

 T Central locking is a system allows the driver or front passenger 
to simultaneously lock or unlock all the doors with a push of a 
button.

 T It prevents one or more doors from remaining unlocked when 
the driver leaves the vehicle, hence preventing theft.

 T Today, all cars are equipped with central locking. However 
remote control keyless entry is also becoming a hygiene feature 
in all cars.

 T With the help of remote control keyless entry, the driver locks 
or unlocks the car by pressing a button on the key fob.

 T It is also common on modern cars for the locks to activate 
automatically when the car is put into gear or reaches a certain 
speed.

Theft Deterrent System:

 T The Theft deterrent System or Content Theft Deterrent System is system designed to deter 
vehicle content theft by pulsing the horns and exterior lamps for approximately 30 seconds 
when an unauthorized vehicle entry is detected. However, the content theft deterrent system 
does not affect engine starting.

An unauthorized entry can be any of the following with the content theft deterrent system armed:

 T Unauthorized entry into the under hood area.

 T Unauthorized entry into the rear compartment.

 T When any door is opened without using the 
UNLOCK command from a keyless entry transmitter.

 T After a battery reconnect, if the battery was 
disconnected with the content theft deterrent 
system armed.



Auto Service Technician 

149

Anti-theft wheel bolts

 T Anti-theft wheel bolts prevent theft by making it very hard to 
steal a set of wheels along with the tyres.

 T They work like regular lug nuts (the nut that holds the wheel 
onto the axle) except that wheel locks can only be removed using 
the wheel-lock key – a specially shaped socket that is placed in 
the boot.

 T Cars are equipped with one wheel lock per wheel, although, if 
you want you can place a second one on each wheel; wheel locks 
are also available for spare tyres.

 T Passenger safety systems prevent accidents and injuries to passengers in an event of an accident.

 T Passenger safety systems are classified into two categories:

• active safety systems;
• passive safety systems.

Active Safety Systems

 T Systems that prevent accidents are categorized as active safety systems.

 T This systems are always active right from when the car is started till the time it is switched OFF.

 T The various active safety systems used in vehicles today are:

• Anti-lock Braking System (ABS);
• Electronic Brake-force Distribution (EBD);
• Electronic Stability Program (ESP);
• Anti Slip Regulation (ASR) / Traction Control System (TCS);
• Adaptive headlights.

Anti-lock Braking System (ABS)

 T ABS is an active safety system it allows the wheels 
of the vehicle to maintain tractive contact with 
the road surface maintaining steering inputs while 
braking, preventing the wheels from locking up 
and avoiding uncontrolled skidding.

 T ABS also drastically reduces the braking distance 
when compared to braking systems without ABS 
system.

 T Modem vehicles are generally equipped with ABS 
as a standard feature to prevent accidents.
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Electronic Brake-force Distribution (EBD)

 T EBD is an active safety system it is an automobile brake technology that automatically varies the 
amount of force applied to the front and rear of a vehicle’s brakes, based on road conditions, 
speed, loading, etc.

 T Always coupled with ABS, EBD can apply more or less braking pressure to front and rear wheels 
in order to maximize stopping power while maintaining vehicular control.

 T Typically, in a vehicle, the front end carries the most weight due to the placement of the engine, 
EBD distributes less braking pressure to the rear brakes to prevent the rear brakes from locking 
which could cause skidding.

EBD Function (Same pedal force applied)
[A] one passenger

[B] more than one passenger with EBD

[C] more than one passenger without EBD

Longer  
stopping  
distance

Shorter 
stopping  
distance

Front brake force  Rear brake force

Front brake force  Rear brake force

Front brake force  Rear brake force

(same as A) (Larger than A)

(same as A) (Same as A)
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Electronic Stability Program (ESP)

 T ESP is a computerized technology that improves vehicle stability by detecting and reducing loss 
of traction.

 T When ESP detects loss of steering control, it automatically applies the brakes to help “steer” 
the vehicle where the driver intends to go.

 T Braking is automatically applied to wheels individually, such as the outer front wheel to counter 
oversteer or the inner rear wheel to counter understeer.

 T Some ESP systems also reduce engine power until control is regained.

 T This feature is generally present in higher segment cars.

Anti Slip Regulation (ASR) / Traction Control System (TCS)

 T ASR/TCS is a function of the ESP system.

 T It reduces the power to the driven wheels when the system senses the loss of traction especially 
during start from stand still.

 T This function is very usefull in situations where the driven wheels are on a slippery surface.

 T The reduction of power to the slipping wheels prevents the vehicle from slipping and also 
prevents tyre wear.

 T ASR/TCS can also be switched OFF in some vehicles, this helps in snowy conditions to break the 
snow around the wheel.

Adaptive Headlights

 T Adaptive headlights is an active safety feature designed to make driving at night or in low-light 
conditions safer by increasing visibility around curves and over hills.

 T When driving around a bend in the road, adaptive headlights turn their beams according to 
your steering input so that the vehicle’s actual path is lit up.

 T Headlights are also equipped with dynamic levelling, where, the height of the beam is raised or 
lowered automatically by sensing the level of the headlight of the opposite car.

 T This helps in preventing blinding of either of the driver hence ensuring clear visibility of the 
road ahead.

Passive Safety Systems

 T A passive car safety system is one that turns on automatically. Once the ignition is on and vehicle 
starts moving, a passive car safety sets itself. The safety system is called a passive because the 
driver doesn’t have to do anything to arm it.

 T Systems that prevent injuries to occupants after an accidents are categorized as passive safety 
systems.

 T This systems are active only after the event of an accident.

 T The various active safety systems used in vehicles today are:

• Crumple zones;
• Airbags;
• Pre-tensioners and load limiters;
• Laminated windshield.
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Crumple Zones

 T Crumple zones are sections of cars especially front and rear that are designed to crumple and 
absorb energy during an impact.

 T The prevent the impact energy from entering the cabin hence preventing injuries to occupants.

 T All modern cars are equipped with crumple zones.

Airbags  

 T Airbags are balloons of air that inflate 
during an impact and deflate as soon as 
the impact is over.

 T Airbags prevent the occupants from 
striking hard surfaces like dashboard, 
steering wheel and window glass during 
an impact hence preventing injuries.

 T Airbags are available in various configurations. Configurations generally seen in cars are dual 
front, side and curtain airbags.

Pre-tensioners and load limiters

 T Pre-tensioners and load limiters 
are a part of the seat belt assembly.

 T The pre-tensioners tighten and hold 
the occupant to the seat during an 
event of an impact, whereas, the 
load limiter releases the occupant 
slowly onto the airbag once the 
impact is over.

 T This action prevents the occupant from hitting the fully inflated airbag when hard which could 
cause injuries or even death.

Laminated Windshield

 T Laminated windshield is a type of safety glass that holds together when shattered.

 T In an event of an impact, it is held in place by an interlayer made of polyvinyl butyral (PVB) places 
in between two layers of glass.

 T The interlayer keeps the layers of glass bonded even when broken, and prevents the glass from 
breaking up into large sharp pieces. This produces a characteristic “spider web” cracking pattern.

 T It also prevents injuries to occupants from flying glass pieces.

Glass

Glass

butacite PVB  
interlayer

Laminated glass construction  
with Butacite
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain Central locking.

2. What is ESP?

3. Explain ABS.
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Worksheet

1. Read the questions and choose the correct answers.
a. ASR stands for

i. Anti Slip Rotors

ii. Anti Slip Regulation

iii. Advanced Slip Regulation

iv. Anti Skid Regulation

b. Airbags are a passive safety system.

i. True

ii. False

Notes
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Answers: Introduction to Security & Safety systems

Question Number Answer

1
a. ii

b. i
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Components of Vehicle Security Systems 
and Functions

At the end of this session you will be able to:

 T state the components of vehicle security and safety systems;

 T state the functions of vehicle security and safety system components.

Session Plan
1 Introduction 

2 Components and function of Vehicle Security Systems

3 Key Learnings

4 Worksheet

Introduction 

 T Each vehicle security system discussed earlier is made up of various components which has its 
own operation

 T In this chapter we will understand the working of all the systems discussed earlier and understand 
its components

Components and function of Vehicle Security Systems

Engine Immobilizer – Working
 T The authorized key containing the immobilizer code is inserted into the steering lock.
 T The code from the transponder in the form of a signal is accepted by the antenna on the steering 

lock.
 T Tis signal is them amplified by the amplifier and sent to the Engine Control Module.
 T If the code received by the ECM matches the code previously stored, the ECM will allow current 

to flow through the fuel and ignition circuit allowing the engine to start.
 T If an un authorised key is inserted in the steering lock and he codes do not match, the ECM will 

not start the engine.
Transponder

Vehicle’s 
controller

ID code 
matching

Steering lock

Ignition

Antenna

Key

Amp

Fuel

ECU
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Central Locking – Working

 T The central locking system in automobiles consists of a transmitter, receiver and four actuators

 T The transmitter is placed in the key fob, the receiver on in the driver door panel and the one 
actuator on each door

 T The actuator is connected to the door latch with the help of mechanical linkages

 T When the lock/unlock button on the key fob is pressed it transmits a radio signal that is received 
by the receiver

 T The receiver, based on the signal (lock/unlock) sends the signal to the actuators in each doors

 T The actuators are activated and they lock or unlock the door as per the driver preference

Theft Deterrent System (CTD) – Components

The components of the system are:

 T Remote Control Door Lock Receiver (RCDLR), if equipped

 T Body Control Module

 T Door Ajar Switches (including hatch ajar switch)

 T Ignition Lock Cylinder

 T Drivers Door Key Switch

 T Front Door Key Switches

 T Power Door Lock Switches
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The CTD system is an internal function of the Body Control Module (BCM) which utilizes various switch 
input information to perform CTD functions.

 T When the BCM detects an unauthorized entry, it activates the horns and exterior lamps. The 
BCM has five basic modes (disarmed, standby, delayed, armed, and alarm) for operating the CTD 
system. The different modes are described below.

 T When the CTD system is in the disarmed mode, ignition is OFF and any door is open, the BCM 
commands the instrument cluster to flash the SECURITY indicator via the serial data circuit. The 
BCM has the CTD system in the disarmed mode until the following conditions are detected:

• Ignition key turned to the OFF position.
• Any door open.
• Doors locked by either the power door lock switch or the LOCK button on the transmitter

(if equipped)

Theft Deterrent System (CTD) – Working Continued…

 T The BCM enters the standby mode when the above conditions are detected. In standby mode, 
the BCM commands the SECURITY indicator to illuminate ON steady. If all the doors are closed 
and the LOCK button on the transmitter (if equipped) is used, the BCM enters the delayed mode.

 T When the last door is closed, the BCM remains in the delayed mode for 30 seconds. In delayed 
mode the BCM commands the SECURITY indicator to illuminate ON steady.

 T After 30 seconds, the BCM enters the armed mode. In armed mode, the BCM commands the 
SECURITY indicator OFF. Any forced entry activates the alarm mode.

 T When the BCM detects a forced entry, the BCM enters the alarm mode. The BCM activates 
exterior lamps for 2 minutes and the horns for 30 seconds. This is followed by a three minute 
time-out of the horns, with the horns no longer active. If no new intrusions are detected during 
the time-out, the horns remain inactive. The system must be disarmed or the intrusion condition 
removed after the time-out for the system to exit alarm mode
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Anti-theft Wheel Bolts – Working 

Anti-theft wheel

Special

 T Anti-theft wheel bolts are similar to any other wheel bolts, 
the only differentiating factor being the head of the bolt.

 T In an anti-theft bolt the head is not the traditional hexagonal 
shape but is an unique shape.

 T Due to the unique bold head design it is not possible to 
loosen the same using an ordinary box spanner.

 T A special socket spanner provided at the time of purchase 
needs to be used along with an ordinary box spanner in 
order to loosen and tighten the wheel bolts.

 T  This arrangement prevents theft to vehicle wheels.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain working of Engine Immobilizer.

2. Explain working of Central locking.

3. Explain Anti-theft wheel bolts.
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Worksheet

1. Read the questions and choose the correct answers.
a. In the Engine Immobilizer system the key has a transponder built in it.

i. True

ii. False

Notes
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Answers: Components of Security & Safety systems

Question Number Answer
1 a. i
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Components of Passenger Safety Systems
At the end of this session you will be able to:

 T state the components of passenger safety systems;

 T describe the working of the passenger safety systems.

Session Plan
1 Introduction 

2 Components and function of Vehicle Security Systems

3 Working of Vehicle Security Systems

4 Key Learnings

5 Worksheet

Introduction 

 T Each passenger safety system discussed earlier is made up of various components which has its 
own operation.

 T In this chapter we will understand the working of all the systems discussed earlier and understand 
its components.

Components and Function of Vehicle Security Systems

Anti-lock Braking System and Electronic Brake-force Distribution

 T The ABS & EBD system is made up of various components that work in synchronization with each  
other to prevent accidents

 T Below are the components of ABS & EBD system:

• ABS ECU/HU
• Toner ring
• Wheel speed sensors
• Warning Indicator
• Brake switch

ABS ECU/HU

 T This is an Electro-hydraulic device for reducing, holding 
& restoring pressure to one or more wheel brake, 
independent of the brake pedal effort applied by the driver
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Toner ring

 T This is a magnetic toner wheel with teeth on it

 T The toner wheel is fitted on to the wheel hub

Wheel Speed Sensor

 T This measures the rate of rotation of a vehicle wheel, this is 
a critical components of vehicle anti-lock braking systems

 T The ABS system consists of 4 wheel speed Sensors, 2 each 
at Front & Rear wheels and is mounted exactly above the 
magnetized toner wheel

Warning Indicator

 T The ABS lamp illuminates once the ignition is turned ON, 
to check whether the indicator is working.

 T In case of a malfunction with the antilock brake system 
the ABS lamp will be turned ON and remain ON to remind 
the driver of the problem.

Brake Switch

 T The brake switch is located near the brake pedal and is 
connected to the battery and the tail lamps

 T It indicated the following driver when brakes are applied by 
flashing the tail lamps, hence reducing accidents

Working of Vehicle Security Systems

Anti-lock Braking System – Working

 T The ABS ECU takes wheel speed information from sensors, located within the hub carrier, and 
monitors the relative deceleration/acceleration of each wheel at all times.

 T The signals are used to calculate the rotational deceleration (Negative acceleration) rates for 
each wheel during braking operation.
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 T In the event of a wheel slip condition the hydraulic system controls the brake line pressure by 
operating the appropriate solenoid valves within the hydraulic modulator thus releasing the 
brake pressure from that particular wheel.

 T Once the wheel deceleration has recovered to within allowable limits the modulator allows 
pressure to be re-applied to the particular brake calliper or wheel cylinder from which the brake 
pressure was released.

Electronic Brake-Force Distribution – Working

 T During normal braking there is always a level of load transfer from the rear axle to the front.

 T Due to this occurrence it is necessary to ensure that the rear axle wheels do not reach the point 
of lock before the front axle wheels.

 T To enable optimum braking at the rear axle while maintaining vehicle stability during braking, 
EBD is provided.

 T It enables the distribution of brake force between the front and rear axle brakes to be adjusted 
at any point of time, depending on the condition of the vehicle brakes, tyres; the road, or vehicle 
load conditions.

Electronic Stability Program – Working

The vehicle Electronic stability Program (ESP) adds an additional level of vehicle control to the electronic 
brake control module (EBCM).

 T  Yaw rate is the rate of rotation about the vehicle’s vertical axis. The lateral accelerometer measures 
the sideways acceleration of the vehicle. The ESP is activated when the EBCM determines that 
the desired yaw rate and lateral forces do not match the actual attitude of the vehicle.

The desired attitude of the vehicle are calculated from the following inputs:

 T The position of the steering wheel;

 T The speed of the vehicle;

 T The lateral, or sideways acceleration of the vehicle;

 T Yaw rate of the vehicle;

 T Master cylinder brake pressure.

The difference between the desired yaw rate and the actual yaw rate is the yaw rate error, which is a 
measurement of oversteer or understeer. If the yaw rate error becomes too large, the EBCM attempts 
to correct the vehicle’s yaw motion by applying differential braking to the appropriate wheel. The 
amount of differential braking applied to the left or right front wheel is based on both the yaw rate 
error and side slip rate error.

Anti Slip Regulation (ASR) / Traction Control System (TCS) – Working 

When drive wheel slip is detected while the brake is not applied, the electronic brake control module 
(EBCM) will enter traction control mode. The traction control system (TCS) controls vehicle traction by 
applying brakes and limiting engine torque to the drive wheels. The EBCM performs the following TCS 
operations:

 T The EBCM requests the engine control module (ECM) to reduce the amount of torque to the 
drive wheels via serial data messages.

 T The ECM reduces torque to the drive wheels by retarding spark timing and throttle actuator 
control (TAC).
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 T The ECM reports the amount torque delivered to the drive wheels via serial data messages.

 T The EBCM applies brake pressure to the slipping wheel in order to transfer torque to the gripping 
wheel.

Adaptive headlights – Working

 T The headlamp control module receives serial data messages from the engine control module 
(ECM), transmission control module (TCM), electronic brake control module (EBCM), and body 
control module (BCM) with regards to power mode, speed, steering angle, transmission gear 
selection, and headlamp switch status.

 T The headlamp control module calculates the headlamp angle and sends commands to the left 
and right headlamp actuators. The headlamp actuators drive the headlamps to the position 
commanded by the headlamp control module.

 T The headlamp control module controls the left headlamp movement by 15 degrees to the left 
and 5 degrees to the right, and the right headlamp movement by 5 degrees to the left and 15 
degrees to the right. The direction the headlamps move is controlled by the steering wheel angle 
and is limited by steering angles of approximately +/- 90 degrees.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain about the Wheel speed sensor.

2. Explain working of Electronic Brake-force Distribution
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3. Explain the working of Adaptive headlights

Worksheet

1. Read the questions and choose the correct answers.
a. When the ABS illuminates constantly it means the ABS is working perfectly fine.

i. True

ii. False

b. During normal braking there is always a level of load transfer from the rear axle to the
font.

iii. True

iv. False

Notes
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Answers: Components of Security & Safety systems

Question Number Answer

1
a. ii

b. i.
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Schematic and Layout of Safety - Security Systems

At the end of this session you will be able to:

 T describe the layout  of safety - security systems.

Session Plan
1 Schematics of Security and Safety Systems

Schematics of Security and Safety Systems

Front RH 
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Front LH Wheel  
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ABS Hydraulic 
Modulator with EBCM

Rear LH Wheel 
Speed Sensor

Rear RH Wheel 
Speed Sensor

ABS Warning Light

Brake Fluid Distributor

Brake Light  
Switch 

EB
CM

 Wiring Names

 Flow Direction

 Brake Fluid Line

ABS Hydraulic Modulator

RR - Rear Right

LR - Rear Left

LF - Front Left

FR - Front Right

MC1 - Master Cylinder-1

MC2 - Master Cylinder-2

Antilock Braking System – Schematic
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Introduction to HVAC System
At the end of this session you will be able to:

 T state the functions of HVAC;

 T describe the working principle of HVAC system.

Session Plan
1 Introduction 

2 Introduction to HVAC System

3 Functions of a HVAC System

4

5 Principles of Air Conditioning

6 Key Learnings

7 Worksheet

Introduction 

Different climatic conditions can affect the passengers in the car, and so to add comfort during travel, 
an air conditioner regulates helps cool/warm the cabin to their desired temperature making their 
journey comfortable.

Introduction to HVAC System

The vehicle’s heating, ventilation and air conditioning systems does the following tasks:

 T Maintains comfortable cabin temperature irrespective of the outside temperature.

 T Creates a comfortable environment to minimize stress and fatigue for the driver.

 T Control the circulation of fresh air in the cabin.

Functions of a HVAC System

To be effective, the automotive air conditioner must control four conditions within the vehicle interiors:

 T must cool/warm the air;

 T must circulate the air;

 T must purify the air;

 T must dehumidify the air.



Participant Handbook

172

These functions are essential if passenger comfort is to be maintained when the ambient temperature 
and humidity are high.

By performing these functions, the air conditioner maintains the body comfort of the passengers.

Function

Manual Heater and Air Conditioning System

 T Manual HVAC produces a pleasant, consistent temperature throughout a journey.

 T This is extremely user-friendly and achieves the required cabin temperature quickly and efficiently.

 T The car occupants can manually set the desired air distribution and blower speed.

Automatic Air Conditioning System

 T Regulates the cabin temperature based on the chosen temperature setting.

 T The blower speed and the air distribution flaps are adjusted and operated automatically.

 T Ensures a pleasant interior climate in all conditions with minimal draught.

 T Monitors all the key factors such as position of the sun, intensity of sun rays and the outside 
temperature.

 T Further has a defrost button to clear fogged or iced-up windscreens.

 T If the outside temperature is above 0°c, the cooling system cuts in as well to dry the air before 
it is heated.

Layout of a HVAC System
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Principles of Air Conditioning

High Pressure Side

 T A low pressure R 134a - vapour 
entering the compressor is 
compressed to become a high 
pressure/ temperature.

 T This is circulated along with lubricant 
oil to the condenser.

 T As the high pressure/temperature 
travels through the condenser, heat 
is released to the cooler ambient air 
passing over the condenser tubes 
condensing the vapour into a liquid.

 T This liquid then travels through the 
filter drier onto the expansion valve.

 T A small variable orifice provides restriction against the compressor pushe.

Low Pressure Side

 T Suction from the compressor pulls the high 
pressure/temperature liquid R 134a through 
a small variable orifice and into the low 
pressure side of the A/C system.

 T The R 134a is low pressure/temperature 
vapour where heat from the cabin being 
blown over the evaporator coil surface.

 T This is absorbed into the colder low pressure 
refrigerant and is pulled through the 
evaporator and into the compressor.

 T The A/C cycle begins again as the vapour is 
compressed and discharged under pressure.

Heat Transfer

 T R134a in the low-pressure side is cold and 
can absorb large quantities of heat from 
the air moving over the evaporator

 T R134a in high –pressure side is hot and 
the cooler ambient air moving over the 
condenser can absorb heat from it

Note: R134a - an HFC type refrigerant

(tetrafluoroethane) that does not deplete the 
ozone layer of the atmosphere
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the function of an HVAC system.

2. Explain the principle of an HVAC system

Worksheet

1. Read the questions and choose the correct answers.
a. The refrigerant used in air conditioners is

i. R 134a

ii. R 133b

iii. R 140

iv. all of the above
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Notes
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Answers: Introduction to HVAC system

Question Number Answer
1 a. i
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Types of HVAC System
At the end of this session you will be able to:

 T state the types of HVAC system;

 T state the difference between the manual and automatic air conditioning 
system.

Session Plan
1 Introduction 

2 Manual AC Working

3 Automatic AC Working

4 Key Learnings

5 Worksheet

Introduction 

Air conditioners are an integral part of an automobile. Air Conditioners (AC) are of two different types;

 T Manual 

 T Automatic 

Operation of a Manual AC

Manual Air Conditioning System

 T The driver has to choose manually: Desired Temperature, Blower Speed, Recirculation – 
ventilation mode.

Air distribution mode

• According to natural draft of air, the condenser fan regulates its speed due to which the
refrigerant passing to the condenser cools down from approximately 65 degrees Celsius to
10 degrees Celsius and turns from gaseous state to liquid.

• The refrigerant passes through a drier which absorbs the moisture / impurities and it is
passed on to the expansion valve.

 T The expansion valve sprays the refrigerant in to the evaporator coil.

 T The evaporator coil is the beginning of the low pressure area, the injected refrigerant expands 
and evaporates. The evaporated heat required for this purpose is extracted from the warm air 
from the interiors of the vehicle which cools down when it passes to the evaporation coil fins. 
Due to the difference in pressure and state of the refrigerant from liquid to gas, the temperature 
further drops to approximately 1 – 2 degrees Celsius.



Participant Handbook

178

 T A blower placed behind the evaporator coil at a pre-set speed chosen by the driver, circulates 
the air from the interior over the evaporator coil causing a heat exchange in which heat from the 
interior of the vehicle is transferred to the refrigerant thus causing the interior air to cool down 
and circulate through the interior of the car, cooling it down.

 T The refrigerant now heated up and in 
gaseous form is pulled in to the 
compressor and pushed by the 
compressor again in to the condenser, 
which completes the cycle.

 T Ventilation – The air ventilation is 
controlled manually by the user via 
electronic or a cable operated flap.

Operation of an Automatic AC

Automatic Air Conditioning System Overview

 T As the driver switches ON the AC, it senses the inside temperature, outside temperature and 
humidity through various sensors like, air quality sensor, interior temperature sensor & exterior 
temperature sensors which are controlled by the ECU.

 T According to the temperature setting desired by the driver, the ECU decides the compressor cut-
OFF/ON, blower speed and air distribution.

 T According to the variation in outside temperature the AC system regulates all the above set 
factors to maintain a uniform temperature inside the car.

Working of an Automatic Air Conditioning System

 T The user sets the desired temperature according to his preference. The inputs are taken from 
interior and exterior temperature sensors and thus the compressor starts to pump refrigerant 
towards the condenser.

 T According to natural draft of air the condenser fan regulates its speed due to which the refrigerant 
passing to the condenser cools down from approximately 65 degrees Celsius to 10 degrees 
Celsius and turns from gaseous state to liquid.

 T The refrigerant now passes through a drier which absorbs any moisture / impurities and it is 
passed on to the expansion valve.

 T The expansion valve sprays the refrigerant in to the evaporator coil.

 T The evaporator coil is the beginning of the low pressure area; the injected refrigerant expands 
and evaporates. The evaporation heat required for this purpose is extracted from the warm air 
from the interiors of the vehicle which cools down when it passes to the evaporation coil fins. 
Due to the difference in pressure and state of the refrigerant from liquid to gas, the temperature 
further drops to approximately 1 – 2 degrees Celsius.

 T A blower placed behind the evaporator coil at a preset speed chosen by the driver circulates the 
air from the interior over the evaporator coil causing a heat exchange in which heat from the 
interior of the vehicle is transferred to the refrigerant thus causing the interior air to cool down 
and circulate through the interior of the car, cooling it down.
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 T The refrigerant now heated up and in gaseous form is pulled in to the compressor and pushed by 
the compressor again in to the condenser, which completes the cycle.

 T Ventilation – The air ventilation is controlled manually by the user via electronic or a cable 
operated flap.

Dual-Zone AC

 T In a dual AC set-up, the system allows the passenger to select different temperatures on the left 
and right of the vehicle. For eg: 20°C on driver side and 23°C on co-driver side.

 T The maximum temperature difference that can be set between the two zones is different for 
different manufacturers.

 T This type of system is found usually in premium and luxury brands like Audi, BMW etc. However 
lower brands have also started introducing this system in higher segment cars.

 T Some manufacturers also provide 4-zone automatic air conditioning systems. However, these 
systems are very expensive.

 T It uses two photo sensors placed in the interiors of the cabin.

 T These sensors sense the amount and direction of sunlight entering the cabin.

 T The air distribution and blower speed is regulated accordingly thus giving the users the luxury of 
multi-zone HVAC.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the operation of a Manual AC

2. Explain the working of an Automatic AC

Worksheet

1. Read the questions and choose the correct answers.
a. The manual ac can automatically regulate cabin temperature.

i. True

ii. False
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Notes



Participant Handbook

182

Answers: Introduction to HVAC system

Question Number Answer
1 a. ii
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HVAC System Components
At the end of this session you will be able to:

 T state the components of the HVAC system;

 T state the functions of HVAC system components.

Session Plan
1 Introduction 

2 Components of HVAC System

3 Key Learnings

4 Worksheet

Introduction 

The air conditioning system consists of various components that work in sync with each other in order 
to achieve the cabin temperature desired by the user. Every component in the system has its own 
functioning. Hence it is necessary to understand the same to learn more about the air conditioning 
system.

Components of HVAC System

Components of HVAC

 T Compressor - is the heart of the AC system which 

Evaporator Compressor

Discharge line

Low pressure  
Side

Drier/Receiver

Expansion  
 Valve

Condenser

High 
Pressure Side

Blower  
Fan

Blower  
Fan

pumps the gas.
 T Condenser – the condenser transfers the 

absorbed heat from the passenger cabin to the 
atmosphere.

 T Receiver Dryer – absorbs any moisture in the 
refrigerant which may clog the system.

 T Evaporator – lowers the temperature inside the 
passenger cabin by absorbing heat.

 T Expansion valve – Here flow of the refrigerant in 
to the evaporator is controlled by the expansion 
valve, thereby controlling the superheating at 
the evaporator outlet.

 T Blower – Circulates the interior air over the evaporator/heater coil thus cooling the cabin.

HVAC consists of five major components that are divided into two pressure regions – The high pressure 
side is the condenser & receiver/ drier unit and the low pressure side is the air conditioning evaporator. 
The compressor and the expansion valve divides between the high and low pressure.
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Compressor

 T Compresses and pressurizes gaseous refrigerant.

 T It takes in cool gas into its suction port and pressurizes it at 
its discharge port.

 T It is driven by the engine and gets engaged by a clutch to 
either turn the refrigeration operation off or on.

Condenser

 T It is located in front of the radiator.

 T The condenser cools the hot gas and converts it to 
liquid by allowing cool air to flow, provided by the 
engine fan.

 T The liquid is still under considerable pressure and is 
warm, but not as hot or as high pressure as when it 
exited the compressor.

 T The exiting liquid is sent via a small tube (liquid line)to a receiver/drier (applies only to an 
expansion valve system).

Drier

 T Is a can with a desiccant bag inside, it is located near the condenser 
outlet pipe.

 T There is no pressure/temperature change at the receiver/drier.

 T As the high pressure, warm liquid exits the drier, it passes through 
an expansion device. The pressure is reduced considerably; hence 
the temperature drops.

Expansion Valve

 T It is also known as orifice tube. 

 T The pressurised refrigerant flows from the 
receiver –drier to the expansion valve.

The valve removes pressure from the liquid refrigerant so that it can expand and become refrigerant 
vapour in the evaporator.

Evaporator

 T The cold liquid exiting from the expansion device is fed to a heat 
exchanger type device.

 T The cold liquid refrigerant cools the air and circulates out of the 
ducts.

 T The air is cooled in the heat exchanger and simultaneously the 
liquid refrigerant is heated in the other side of the heat exchanger 
and evaporates.
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Blower

 T Circulates the interior air over the evaporator/heater coil 
thus cooling the cabin.

 T The blower speed can be set by the user as per his 
preference.

In addition to the above components, Automatic HVAC system will require 
the following;

 T Interior temperature sensor;

 T Exterior temperature sensor;

 T ECU;

 T Thermistor;

 T Air Quality sensor.

Interior temperature sensor

 T The interior temperature sensor monitors the cabin temperature 
constantly and feeds this data to the ECU to regulate the AC 
temperature.

Exterior temperature sensor

 T The exterior temperature sensor monitors the outside climatic 
temperature constantly and feeds this data to the ECU to regulate 
the ac temperature.

ECU

 T The vehicle’s electronic control unit takes in data of various AC sensors to regulate and cool/
warm the cabin.

Thermistor

 T A thermistor is a temperature sensitive resistor.

 T A thermistor exhibits the largest parameter change with 
temperature, thus it is used on automatic air conditions.
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Air Quality Sensor

 T The air quality sensor measures pollutants, in the form of oxidisable 
or reducible gases, in the air outside your car.

 T Oxidisable gases include carbon monoxide, hydrocarbons.

 T Nitrogen oxides (NOx) are reducible gases.

 T If the quality of the outside air drops, then the system activates the 
air recirculation mode, stopping polluted air from coming in and 
reducing the quality of air inside your car.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the operation of a Manual AC.

2. Explain the working of an Automatic AC.
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Worksheet

1. Read the questions and choose the correct answers.
a. The air quality sensor measures the quality of air outside the car.

i. True

ii. False

b. This unit is a temperature sensitive resistor.

i. ECU

ii. Thermistor

iii. Drier

iv. None of the above

c. The unit circulates the interior air over the evaporator/heater coil thus cooling the cabin.

i. Compressor

ii. Drier

iii. Blower

iv. None of the above

Notes
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Answers: Components of HVAC system

Question Number Answer

1

a. i

b. ii

c. iii
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Schematics and Layout of HVAC System

At the end of this session you will be able to:

 T describe the layout of HVAC system.

Session Plan
1 Introduction 

2 Schematics of HVAC System

3 Key learnings

4 Worksheet

Introduction 

The air conditioning system consists of various components that work in sync with each other in order 
to achieve the cabin temperature desired by the user. Every component in the system has its own 
functioning. Hence it is necessary to understand the general schematics of the HVAC system.

Schematics of HVAC System
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Sunload 
Sensor

Control 
Display

Air Mix 
Door Motor

Vaccum 
Solenoid  

Pack

Compressor

Blower Speed 
ResistorWater Temperature 

Sensor

Evaporator 
Temperature Sensor

Ambent 
Temperature  

Sensor

In Car Temperature 
Sensor

 T The Automatic AC system operates with the same basic component as in the manually controlled 
systems, such as the condenser, compressor, evaporator and heater. The major difference being 
that the ECU system can maintain a preset level of cooling or heating selected by the vehicle 
operator once the automatic mode is selected.

 T Electronic sensor devices allow the ECU to respond to various changes in sun heat intensity, 
interior cabin temperature and ambient temperature.

 T The ECU system will adjust automatically to any temperature and climatic changes to keep the 
vehicle cabin interior within the pre-selected temperature range as per the user settings
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Automatic Temperature Control

 T When the Automatic mode is in operation, the option for manual override always exists.

 T But once manual mode has been selected by pushing the fan speed, A/C or mode switch, it 
takes away a function normally controlled by the ECU making the processor adjust an alternative 
component to attain the pre-selected temperature.

 T An additional benefit of the Automatic AC system is a self-diagnostic function which when used 
will greatly reduce the time spent locating system faults.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Describe briefly the Automatic temperature control.

Worksheet

1. Read the questions and choose the correct answers.
a. On manually adjusting any control of the AC, the settings will override the automatic

settings.

i. True

ii. False
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Notes

Answers: Components of HVAC system

Question Number Answer

1 i
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Introduction to Body Electrical System

At the end of this session you will be able to:

 T state the purpose of body electrical system.

Session Plan
1 Introduction

2 Purpose of Body Electrical System

3 Key Learnings

4 Worksheet

Introduction

The fog lamps, headlamps, turn indicators, parking lamps, brake lamps, warning indicators and interior 
lamps constitute the body electrical system. Modern day electrical systems also consist of switches,  
wiring harness and fuses or circuit breakers. Each component in the electrical system has a unique way 
of operation.

Purpose of Body Electrical System

 T Provide illumination for a considerable distance ahead of the vehicle

 T Provide illumination at the rear of the vehicle to alert the trailing driver during lowlight or night 
time.

 T Provide illumination and alert the trailing driver when turn signals are applied.

 T Provide illumination inside the car especially when travelling during the night.

However, it should also be remembered that the ideal road illumination by headlights should 
provide enough illumination to the driver without interfering with the vision of the other drivers and  
pedestrians.

Light Sources:

There are two kinds of light sources, namely:

 T Emitter;

 T Reflector.

In the case of headlamps used in automobiles, both the sources 
are combined in a single unit. The filament of the electric lamp 
is the primary source while the reflector is referred to as a 
secondary source. The intensity, colour and source are important 
characteristics of any light source.
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Energy Demand:

In modern day vehicles, the demand for battery current 
has increased due to the widespread use of electrical 
bulbs and other equipment for various purposes. In an 
average car, the lighting system consumes approximately 
70-75% of the electrical energy when travelling during
the night. However, this consumption has been lowered
in recent vehicles with the extensive usage of LEDs (Light
Emitting Diodes) without compromising on intensity of
illumination.

Wiring System Of Body Electrical System
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Note some primary functions that need to be fulfilled of a body electrical system.

Worksheet

1. Read the questions and choose the correct answers.
a. In an average car, the lighting system consumes approximately

of the electrical energy when travelling during the night.

i. 50-55%

ii. 60-65%

iii. 70-75%

iv. 80-85%

b. The intensity, colour and source are important characteristics of any light source.

i. True

ii. False
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Notes

Answers: Introduction to Body Electrical System

Question Number Answer

1
a. iii

b. i
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Body Electrical System Components
At the end of this session you will be able to:

 T identify the body electrical system components;

 T state the functions of the body electrical system components.

Session Plan
1 Introduction 

2 Illuminating Lamps

3 Relays

4 Switches

5 Key Learnings

6 Worksheet

Introduction 

Body electrical system consists of various components. Each component can be broadly categorized in 
the following categories:

 T Illuminating lamps;

 T Relays;

 T Switches.

Illuminating Lamps

Headlights

The headlights are composed of three elements:

 T The light filament that gives off light when current 
flows through it.

 T A parabolic reflector that reflects the light in front.

 T Lens that refracts or distorts the light beam into an 
illuminating pattern.

The filament is encased in an airtight bulb in order to prevent the burning up of white hot filament 
because of oxygen in the atmosphere. The reflector is generally of polished metal and it throws 
all the rays of light into a cylindrical beam. The lens is made up of number of glass prisms molded 
together which bend the beam of light into an oval pattern which is aimed ahead of the vehicle and 
in a downward direction.
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Double Filament Headlights

This setup has two filaments, one for normal driving and other 
for city driving or overtaking. Some recent vehicles also employ 
two separate headlights to solve the above purpose.

Generally a selector leaver/switch is provided to select either the 
normal driving or the passing beam.

Sealed Beam Headlights

In a sealed beam headlight, the filament and the reflector along 
with the lens are sealed in an airtight unit. The complete unit is 
evacuated and filled with an inert gas. Sealed beam headlights 
have the following advantages:

 T The glass unit is self-contained with accurately focused 
filaments.

 T Dust and moisture are prevented from entering from the 
back of the lens and the reflector.

 T Greater amount of light is provided in the beam as a result 
of the absence of a bulb.

 T The beam of light obtained is greatly improved due to the 
pre-focused filament and permanently bright reflector.

Projector Headlamps

In these headlamps, a filament is located at one focus 
of a reflector and has a condenser lens at the front 
of the lamp. The shade located at the image plane, 
between the reflector and the lens, and the projection 
of the top edge of this shade provides the low-beam 
cut-off. The shape of the shade edge, and its exact 
position in the optical system, determines the shape 
and sharpness of the cut-off. The shade is lowered by 
a solenoid actuated pivot to provide low beam and 
removed from the light path for high beam. Such 
optics is known as Bi-Halogen projectors.

Xenon Headlamps

Xenon headlamps are metal-halide lamps that contain xenon gas. 
The xenon gas allows the lamps to produce minimally adequate 
light immediately upon start, and shortens the run-up time. The 
Bi-Xenon headlight is a special version of the xenon headlight and 
allows a single headlight to generate both high and low beam. 
When low beam is selected, the light beam is partially shielded 
by a moving shutter. To switch to high beam, an electromagnet 
moves the shutter out of the light beam’s path.
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Fog Lamps

The ordinary main beam is ineffective during bad weather 
conditions as fog particles reflect the beam of light backwards. 
The dipped beam is more effective as it illuminates the near 
side of the road including the edges. A well-positioned high 
intensity fog lamp with a single filament and a shield over the 
upper half of the bulb cuts off the upward reflected rays and 
illuminates the road surface for added visibility.

Side and Tail Lamps

Side and tail lamps are miniature lamps with reflectors and fluted 
covers to disperse the light. In some vehicles side lights are an 
integrated part of the headlight, this helps in lowering production 
costs. Side lights and tail lamps are required while driving as well as 
when parked at night. Generally the bulbs used for these applications 
are of 6W filament.

Brake lights

The purpose of a brake light is to inform the rear vehicle to slow 
down due to the application of brakes by the driver in front. 
When the brake pedal is pressed the switch connected to the 
brake pedal is made to press, thus closing the circuit which in 
turn illuminates the brake lights. Generally a dual filament bulb 
is used in the tail light. The brake filament is 21W and the tail 
filament is 6W.

Reversing Lamps

The reversing lamp is operational only when the ignition is ON and the 
reverse gear is engaged. It generally consists of a 24W lamp on each 
side of the tail lamps. The reversing light has a fluted type cover which 
helps dispersing the beam of light laterally, thereby illuminating the full 
width of the road for better visibility during reversing.

Instrument and Indicator Lamps

The instrument panel is illuminated with the help of small 
screw cap bulbs having 2-3W rating. The lights are used for low 
oil pressure indication, low coolant level indication, battery 
discharge, headlight upper beam, direction indicators etc.
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Direction Indicators

Direction indicators illuminate when the driver moves the stalk 
under the steering wheel in the left or right direction. These lamps 
are generally Orange in colour and re located in the front bumper/
integrated to the headlamp, fender/ORVM and rear tail lamps. These 
are generally available as flashing type as standard fitment.

Boot Lamp

This is also referred as a trunk lamp and is fitted on most cars. 
The lamp illuminates automatically once the boot lid is opened. 
It generally consists of a 6W bulb.

Roof Lamp

The roof lamp is situated below the interior lining of the roof of the 
car. It is available in two configurations, single or double. The roof 
lamp/s is automatically switched ON as soon as the door of the car 
is opened. The light can be manually operated by using ordinary 
switches located at convenient places.

Relays

Fuse

3086

85 87

Horn Relay

The horn relay is magnetically operated and consists of a winding. When the 
driver presses the horn pad on the steering wheel, the winding is connected to 
the battery. Since the battery power flows through the coil, it gets magnetised and 
attracts the bi-metallic strip which connects the horn directly to the battery, which 
in turn operates the horn.

Lighting Relay Left Side Low 
High Beam

14g feed wire

87

30

86 8685 85

30

87

15 Amp 
 Fuse

High Beam 
Relay

Low Beam 
Relay

(To Existing Wiring Names)

Power 
Distribution 

Point

30 - High Power Feed (Must be Fused)
85 - Relay Coil Ground
86 - Relay Coil Feed (Trigger Wire)
87 - High Power output-Normally Open Contact
87a - High Power output-Normally Close Contact

Right Side Low 
High Beam

Lighting relay is similar to the horn relay. It connects 
the headlamps directly to the battery through the 
relay points thus eliminating the lighting switches 
and wiring from the battery. This impresses a higher 
voltage at the lamps and hence brighter illumination 
can be obtained.
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Switches

Clutch cable

Clutch pedal 
position switch

Clutch pedal

Neutral switch

This is a switch that is employed in most cars to avoid the operation of 
the starter switch when the vehicle is at rest and in gear position. In 
order to safeguard against this risk, a switch is provided on the clutch 
pedal which only closes when the clutch pedal is depressed.

The switch also is connected in series with the starter switch connection 
to the starter solenoid so that vehicle only starts when the vehicle is 
started with the clutch pedal pressed.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Describe a sealed beam headlight.

2. Mention the elements that combine in the making of a headlight.

3. Note the differences between projector and xenon headlamps.
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Worksheet

1. Read the questions and choose the correct answers.
a. Xenon headlamps are metal-halide lamps that contain xenon gas.

i. True

ii. False

b. is employed in most cars to avoid the operation of 
the starter switch when the vehicle is at rest and in gear position.   

i. Brake switch

ii. Headlamp switch

iii. Side light switch

iv. Neutral switch

Notes
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Answers: Body Electrical System Components

Question Number Answer

1
a. i

b. iv
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Schematics and Layout of Body Electrical System

At the end of this session you will be able to:

 T describe the layout of body electrical system.

Session Plan
1 Introduction 

2 Schematics of Electrical System

3 Key Learnings

4 Worksheet

Introduction 

Every body electrical component runs on battery power Each system uses a specific electrical circuit 
to transfer power from the battery to the component It is necessary to understand the power flow 
through the circuit in order to be able to diagnose a failure in a particular circuit

Schematics
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Tail light circuit Horn circuit
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Reverse light circuit

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the power flow in the headlight system
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2. Explain the power flow in the horn system

Notes
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Pre Delivery Inspection - 2 Wheeler Specific

At the end of this session you will be able to:

 T state the need for Pre Delivery Inspection (PDI) for a two wheeler.

Session Plan
1 Introduction 

2 Purpose of Pre Delivery Inspection (PDI)

3 Check Points for PDI

4 Precautions When Conducting PDI

5 Key Learnings

6 Worksheet

Introduction 

Owning any automobile is a dream for every individual. Hence, it is a very special occasion for everybody. 
It is our duty at the dealership to provide maximum satisfaction to the customers. Before delivering the 
vehicle, we need to ensure that we check the vehicle thoroughly. The process carried out to check the 
vehicle thoroughly is called PDI.

Purpose of Pre Delivery Inspection (PDI)

 T To ensure that all the components on the vehicle are functioning perfectly,

 T To ensure that the correct vehicle is going to the correct customer 

 T Check for body work of the vehicle for scratches or damage

 T that may have caused during vehicle transportation

 T To prevent customer dissatisfaction during the time of delivery, if caused, customer loses faith 
in the dealership and does not refer other prospects to the dealer

 T If any abnormality of observed in the system functioning repair the same with genuine spares.

 T To ensure proper cleanliness of the vehicle during delivery



Participant Handbook

212

Check Points During Vehicle Delivery

The PDI needs to be carried out as per the prescribed inspection sheet provided by the manufacturer 
to prevent skipping of essential checks. Following are the essential parameters that need to be checked 
while carrying out a pre-delivery inspection on a two wheeler:

 T Record make and model;

 T Compliance plate;

 T Engine number;

 T VIN number;

 T Riding controls;

 T Rider’s vision;

 T Vehicle lights;

 T Chassis;

 T Brakes;

 T Wheels and tyres;

 T Suspension, wheel bearings and steering components.

Every check has a unique purpose and has to be conducted sincerely.

Motorcycle Pre-delivery Checklist
Item 1. Record Make and Model Inspected Corrected

 T Make 

 T Model

Item 2. Compliance Plate Inspected Corrected

 T Check vehicle for relevant compliance plate.

Item 3. Engine Number Inspected Corrected

 T Check engine number which will appear on the main engine 
component of the vehicle against the prepared documentation. 

 T Engine No. 

Item 4. VIN Inspected Corrected

 T Check the VIN of the vehicle against the documentation and the 
compliance plate.

 T VIN

Item 5. Riding controls Inspected Corrected

 T Check the operation of the parking brake. On Australian Design Rule 
33 cycles fitted side-car outfits, check by putting the transmission in 
neutral, applying parking brake and attempting to move the outfit. 
The brake must be able to stop the outfit being moved.



Auto Service Technician 

213

Item 6. Ridre’s vision Inspected Corrected

 T Check that mirrors are securely attached and forward vision through 
windsreen (if fitted)

Item 7. Lights Inspected Corrected

 T Test the operation of all lights and check the aim of the headlight/s

Item 8. Chassis Inspected Corrected

 T Check the chassis, sub-frames, transmission, chain guards, exhaust 
and braking system components.

Item 9. Brakes Inspected Corrected

 T Check the operation of brake controls.

 T Ensure that where brakes are firmly applied, more than 20% of the 
pedal or handle travel remains.

 T Check that the wheel brake is functioning.

 T Inspect visible brake components for leakage and security of 
mountings.

 T Check the effective operation of the park brake.

Item 10. Wheels and tyres (Inspect each road wheel to ensure that) Inspected Corrected

 T No wheel or rim is cracked or has pieces of a casting missing or is 
buckled;

 T There are no missing or broken wheel mounting nuts, studs or bolts;

 T Any spoked wheels has no missing, loose, broken or cracked spokes.

 T Te tyre or rim does not foul any component at any point over its full 
range of travel.

Item 11. Checks the suspections, wheel bearing and steering components Inspected Corrected

 T Visually inspect all steering components.

 T Where steering linkages are fitted, the rotational free play must not 
exceed 10 mm measured at the end of the handlebars.

 T Check if any nut, bolt or locking device is missing or insecure.

 T Visually inspect the suspension to ensure no component is broken, 
cracked, cut, missing or not secured.

 T Check that no shock absorber is inoperative or not securely mounted, 
or that any nut, bolt or locking device is missing or not secured.
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Precautions when conducting PDI

Following are some precautions that need to be followed when conducting a PDI:

 T Always remember the vehicle that you are working is an new vehicle and should be damage 
free.

 T Do not wear metal rings when working on a new product as it could result in accidently 
scratching the body paint.

 T Do not oversee the functioning of components taking it for granted that it is a new product and 
should be fault free.

 T Conduct a thorough check on components that are not covered under warranty as once the 
vehicle is used, the wear and tear parts won’t be covered under warranty.

 T Work on the vehicle with clean hands, if possible wear hand gloves to prevent staining of seat 
and handle bar.

 T Ensure the vehicle is clean and tidy before delivering it to the customer.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What do you mean by pre-delivery inspection (PDI)?

2. What is the purpose of conducting PDI on an new vehicle?
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Worksheet

1. Read the questions and choose the correct answers.
a. Do not wear metal rings when working on a new product as it could result in accidently

scratching the body paint.

i. True

ii. False

b. Which of the following statements are true?

i. Check for body work of the vehicle for scratches or damage
that may have caused during vehicle transportation

ii. Ensure the vehicle is clean and tidy before delivering it to the
customer

iii. PDI is done to prevent customer dissatisfaction during the time
of delivery, if caused, customer loses faith in the dealership
and does not refer other prospects to the dealer

iv. All of the above

Notes
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Answers: Pre-delivery inspection – 2 wheeler specific

Question Number Answer

1
a. i

b. iv
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Preventive Maintenance Service (PMS) - 
2 Wheeler Specific

At the end of this session you will be able to:

 T perform the Preventive Maintenance Service (PMS) for a two wheeler.

Session Plan
1 Introduction 

2 Purpose of PMS

3 PMS Procedures

4 Key Learnings

5 Worksheet

Introduction 

Due to periodic usage of an automobile, various components tend to wear and tear. The components 
need to be checked, repaired or replaced to ensure perfect functioning. The process of ensuring the 
perfect functioning of the automobile is called Periodic Maintenance Service (PMS).

Purpose of PMS

 T The consumables like oil, air-filters etc. as well as components prone to wear and tear need to be 
inspected/repaired/replaced periodically to keep the vehicle in good working condition.

 T The period after which the various checks that need to be conducted is specified by the 
manufacturer.

 T Hence, the vehicle needs to be taken to the nearest authorized service centre to perform periodic 
maintenance service.

PMS Procedures

Engine Oil Replacement

 T The lubrication oil due to excessive usage gets burnt and 
becomes thick.

 T The thick oil can block the lubrication system and hence 
needs to be drained on a periodic basis to prevent the 
blockage from occurring.
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Replacement Procedure

 T Using a suitable spanner loosen the drain bolt and allow 
the oil to drain in an oil pan.

 T Tighten the drain bolt and dispose the drained oil in a 
burnt oil collecting area.

 T Open the filler plug and pour the new oil of recommended 
grade into the engine.

Note: Check for model specific service manual for the oil quantity to be filled

Rear Drum Brake Inspection

 T Due to periodic application of brakes the friction material 
wears out.

 T The wearing of the friction material causes increase in pedal 
play and ineffective braking.

Inspection Procedure

 T Check for the level of the pointer on the brake lever on the   
rear drum.

 T If exceeded the serviceable limit, replace the rear brake  shoes.

Adjustment Procedure

 T If the pointer is between serviceable limit, using a suitable 
spanner tighten the fly nut on the brake shoe adjuster.

 T Refer model specific model service manual to check for 
manufacturer prescribed play specification.

Front Disc Brake Inspection

 T Due to periodic application of brakes the friction material 
wears out.

 T The level of hydraulic fluid used in disc brakes also falls 
due to periodic usage, hence, it is necessary to maintain 
the braking system for it to function perfectly and prevent 
accidents.

Inspection Procedure

 T Check for the level of brake fluid in the reservoir indicated 
through an opening on the reservoir.

 T Apply brakes and check for free play of the brake lever.

 T Check for brake pad thickness using a Vernier Calliper and 
referring to the service manual for the serviceable limit.

Adjustment Procedure

 T Using a suitable screw driver open the disc brake fluid reservoir and top-up the brake fluid of the 
correct grade.

 T If the fluid level was below the minimum level, conduct a brake bleeding.

 T Check the thickness of brake pads, if the limit is below serviceable limit, replace the same 
referring the service manual.
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Air Filter Cleaning and Replacement

The atmospheric air contains dust and pollutants during the intake stroke, when the air is sucked in the 
engine cylinder it passes through the air filter.

The air filter traps all the dust and pollutants and prevents them from entering the engine.

The air filter needs to be cleaned periodically to ensure efficient functioning of the air filter.

Inspection Procedure

 T Open the air filter casing and inspect for damaged air filter element, if damaged replace the 
same.

 T Blow compressed air through the air filter to clean the dust from the air filter.

Replacement Procedure

 T Open the air filter casing referring to the procedure on the 
model specific service manual.

 T As per the periodic maintenance schedule, replace the air 
filter with a specific model air filter.

 T Close and lock the air filter casing by using the locks or 
screws as per the model.

Drive Chain Maintenance

 T Due to periodic usage of the vehicle, the pins connecting 
the chain together wear out which results in slacking of 
the chain.

 T Slacking of the chain results in falling out of the chain from 
the sprocket.

 T To prevent this from happening, it is necessary to adjust 
the slackness periodically.

Inspection Procedure

 T Push the slackened section of the chain with the finger 
and check for the movement; refer model specific service 
manual for the specified dimension (movement in mm).

Adjustment Procedure

 T Using a suitable spanner tighten the adjusting nut located 
on the rear fork.

 T Constantly keep checking the slackness of the chain when 
tightening the adjusting bolt.

Body Electrical Check

 T Due to periodic usage of the electrical system, the bulb filaments tend to fuse.

 T The electrical system need to be thoroughly checked for the perfect functioning of the electrical 
system.

 T Non proper functioning of the electrical system could also lead to accidents and the applied 
signal won’t be visible to the on-coming or following rider/driver.
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Inspection Procedure

 T Operate all the body electrical switches and check for proper functioning of the electrical 
components.

 T If any component found not functioning properly, replace immediately with new one.

 T Check battery voltage using a Multi meter. Also check for electrolyte level.

Replacement Procedure

 T Using a suitable spanner open the cover of the lamps that re found faulty.

 T Pull out the lamps and replace the same with a new lamp with a lamp of same rating.

 T Close the cover and tighten using a suitable spanner.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the air filter cleaning process?

2. Why do you require doing a drive chain maintenance?
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Worksheet

1. Read the questions and choose the correct answers.
a. The brake pad thickness needs to be checked using a  . 

i. Vernier calliper

ii. Micrometer screw gauge

iii. Ruler

iv. Measuring tape

b. The air filter traps the dust and pollutants and prevents them from entering the
 . 

i. exhaust system

ii. engine

iii. boot

iv. none of the above

c. The period for PMS to be conducts for a vehicle is specified by the
 . 

i. auto service technician

ii. dealer

iii. manufacturer

iv. customer

Notes
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Answers: Preventive Maintenance Service (PMS) - 2 Wheeler Specific

Question Number Answer

1

a. i

b. ii

c. iii
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Pre-Delivery Inspection – 4 Wheeler Specific

At the end of this session you will be able to:

 T state the need for Pre Delivery Inspection (PDI) for a two wheeler. 

Session Plan
1 Introduction 

2 Purpose of Pre Delivery Inspection (PDI)

3 Check Points During Delivery

4 Key Learning

5 Worksheet

Introduction 

Owning any automobile is a dream for every individual. Hence, it is a very special occasion for everybody. 
It is our duty at the dealership to provide maximum satisfaction to the customers. Before delivering the 
vehicle, we need to ensure that we check the vehicle thoroughly. The process carried out to check the 
vehicle thoroughly is called PDI.

Purpose of Pre Delivery Inspection (PDI)

 T To ensure that all the components on the vehicle are functioning perfectly.

 T To ensure that the correct vehicle is going to the correct customer.

 T Check for body work of the vehicle for scratches or damage that may have caused during 
vehicle transportation.

 T Remove the protective covers like tapes and mouldings installed at the time of transportation.

 T To prevent customer dissatisfaction during the time of delivery, if caused, customer loses faith 
in the dealership and does not refer other prospects to the dealer.

 T If any abnormality of observed in the system functioning repair the same with genuine spares.

 T To ensure proper cleanliness of the vehicle during delivery.
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Check Points During Vehicle Delivery

The pre-delivery inspection needs to be carried out as per the prescribed inspection sheet provided by 
the manufacturer to prevent skipping of essential checks. Following are the essential parameters that 
need to be checked while carrying out a pre-delivery inspection on a four wheeler:

 T Exterior inspection;

 T Interior inspection;

 T Under floor inspection;

 T Engine compartment inspection;

 T Electrical system inspection;

 T Mechanical component inspection;

 T Prepare vehicle for delivery;

 T Handover the vehicle to the customer.

Every check has a unique purpose and has to be conducted sincerely.

CHK/VSS/AFS/001

Title: Predelivery Inspection Department: VSSM
To: Warranty Specialist, Marketing Department Halol

Customer Name & Address:-

PDI No.:
Date:
Car Pass No: (Security Code)
Dealer Code:

Colour Code Model Mileage Key No Radio Code Tools
Kms

Jack Battery No Delivery Date Date of Arrival Date of 
Registration

VIN No: ENGINE NO:

[1] GENERAL STATUS REVIEW
OK NOK ABS OK NOK

[7] Check Lightening and Signaling
equipment

Attach the remote control unit to ignition 
Key - Check Hazard warning system

Steering and ignition lock/check diesel glow 
plug system Turn signal Lamps

Check Service Brake and Brake Servo Parking Lamps including warning buzzer

Check Horn Dipped headlight/main beam, including 
blue tell tale

[2] Exterior Front Fog lamps, including yellow tell tale
Check Type Pressure Rear Fog lamps, including yellow tell tale

Check Wheel Fastening (Use Torque Wrench) Rear Lights

Check Front Fog Lamps Brake Lights-including third brake light

Check Licence Plate Lamps Reversing Lights

Fit Wheel Covers Check Heating/Ventilation & AC
Check locks, Bornet, Doors & rear bench 
backest Check exterior Mirrors
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Check PEPS system for proper functioning - 
locks & starting

Check Window Lifter operation and pro-
gramming

Check Trunk Lid & Fuel Lid for proper opening 
& closing Check Wiper / Washer System

Check functioning of Emergency exit lock Check follow me lighting system

[3] Under Floor [8] Test Drive

Check Handbrake, General Visual Inspection Check Functioning of:

Check Brake Lines and Brake Hoses Speedometer/Trip meter

Check Fuel lines Turn Signal self-cancelling
Check Muffler and Exhaust system - damage/
Attachment Check for any noises

Check Front Axle/suspention- Damage/Attach-
ment Check for any abnormal vibration

Check Rear Axle/Suspension-Damage/Attach-
ment Check Steering wheel position

Check Tie rods/Steering Linkage-Damage/At-
tachment Reset service interval display

Visually check aggregates for leaks Check Cruise Cntrol system

[4] Engine Compartment Check Park assist system

Check Battery [9] Prepare vehicle for delivery
Check the Battery terminal clamps are firmly 
seated

Clean vehicle interior/upholstery and 
windows

Check Coolant Level Inspect for minor paint damages and 
rectify

Check Engine Oil level Check lables for tyre pressure

Check power steering for leakage Check labels for AIR Bags

Check Clutch and Brake fluid level Check Owners Manual and Service Book-
let

[5] Interior Check Spare wheel for proper inflation 
pressure

Check MID - Set date and Time Check that the tool kit is complete
Encode and set redio; check operation of redio 
remote control [10] Handover the Vehicle o he customer

[6] Check operation of malfunction indicator
Lamps: Hand over Vehicle Key

Engine electronics and Exhaus warning lights 
(MIL/SVS) Radio remote Control

Oil pressure Instruction in accordance with owners 
Manual

Air bag - ESP/TC Explanation os Service Schedule

Handbrake Explanation of warranty conditions

Generator Handover the Vehicle documents

Headlight Range adjustment Others

DEFECT NOTICED ACTION TAKEN
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We hereby certify that the above operations were carried out as per guidelines.
** Features not available should be 
marked as NA

SIGNATURE

TECHNICIAN 
NAME DEALER STAMPS/ADDRESS

Ref. No. :PRC/VSS/AFS/001

Revision No. : 05 Revision Date: 11.09.2009

REVIEW BY : APPROVED BY: 

Precautions when conducting PDI

Following are some precautions that need to be followed when conducting a PDI:

 T Always remember the vehicle that you are working is an new vehicle and should be damage 
free.

 T Do not wear metal rings when working on a new product as it could result in accidently 
scratching the body paint.

 T Do not oversee the functioning of components taking it for granted that it is a new product and 
should be fault free.

 T Conduct a thorough check on components that are not covered under warranty as once the 
vehicle is used, the wear and tear parts won’t be covered under warranty.

 T Work on the vehicle with clean hands, if possible wear hand gloves to prevent staining of seat 
and handle bar.

 T Ensure the vehicle is clean and tidy before delivering it to the customer.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What do you mean by pre-delivery inspection (PDI)?
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2. What is the purpose of conducting PDI on an new vehicle?

Worksheet

1. Read the questions and choose the correct answers.
a. Do not wear metal rings when working on a new product as it could result in accidently

scratching the body paint.

i. True

ii. False

b. Which of the following statements are true?

i. Check for body work of the vehicle for scratches or damage
that may have caused during vehicle transportation

ii. Ensure the vehicle is clean and tidy before delivering it to the
customer

iii. PDI is done to prevent customer dissatisfaction during the time
of delivery, if caused, customer loses faith in the dealership
and does not refer other prospects to the dealer

iv. All of the above

Notes
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Answers: Pre-delivery inspection – 4 wheeler specific

Question Number Answer

1
a. i

b. iv
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Preventive Maintenance Service – 4 Wheeler Specific

At the end of this session you will be able to:

 T state the PMS procedures of a four wheeler.

Session Plan
1 Introduction 

2 Purpose of PMS

3 PMS Procedures

4 Key Learnings

5 Worksheet

Introduction 

Due to periodic usage of an automobile, various components tend to wear and tear. The components 
need to be checked, repaired or replaced to ensure perfect functioning. The process of ensuring the 
perfect functioning of the automobile is called periodic maintenance service (PMS).

Purpose of PMS

 T The consumables like oil, air-filters etc. as well as components prone to wear and tear need to be 
inspected/repaired/replaced periodically to keep the vehicle in good working condition.

 T The period after which the various checks that need to be conducted is specified by the 
manufacturer.

 T Hence, the vehicle needs to be taken to the nearest authorized service centre to perform periodic 
maintenance service.
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PMS Procedures

Engine Oil Replacement

 T The lubrication oil due to excessive usage gets burnt and 
becomes thick.

 T The thick oil can block the lubrication system and hence needs 
to be drained on a periodic basis to prevent the blockage from 
occurring.

 T Check for model specific service manual for the oil quantity to 
be filled.

Transmission Oil Replacement

 T The lubrication oil due to excessive usage gets burnt and 
becomes thick.

 T The thick oil can block the lubrication system and hence needs 
to be drained on a periodic basis to prevent the blockage from 
occurring.

 T Check for model specific service manual for the oil quantity to 
be filled.

Front Disc Brake Inspection

 T Due to periodic application of brakes the friction material 
wears out.

 T The level of hydraulic fluid used in disc brakes also falls 
due to periodic usage, hence, it is necessary to maintain 
the braking system for it to function perfectly and prevent 
accidents.

 T Refer to model specific service manual for serviceable 
friction material thickness.
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Rear Drum Brake Inspection

 T Due to periodic application of brakes the friction material 
wears out.

 T The wearing of the friction material causes increase in 
pedal play and ineffective braking.

 T Refer to model specific service manual for serviceable 
friction material thickness

Air Filter Cleaning And Replacement

 T The atmospheric air contains dust and pollutants.

 T During the intake stroke, when the air is sucked in the engine 
cylinder it passes through the air filter.

 T The air filter traps all the dust and pollutants and prevents 
them from entering the engine.

 T The air filter needs to be cleaned periodically to ensure 
efficient functioning of the air filter.

Coolant Replacement

 T Due to prolonged usage, the coolant loses its cooling and anti-freezing qualities.

 T To ensure perfect functioning of the cooling system, it is necessary to replace the coolant 
periodically.

 T Refer model specific service manual for ratio of coolant and water Never open the radiator cap 
when hot as hot coolant could cause severe injuries.

Body Electrical Check

 T Due to periodic usage of the electrical system, the bulb 
filaments tend to fuse.

 T The electrical system need to be thoroughly checked for the 
perfect functioning of the electrical system.

 T Non proper functioning of the electrical system could also lead 
to accidents and the applied signal won’t be visible to the on-
coming or following rider/driver.

Tyre Pressure Check

 T Due to periodic usage, pressure in the tyre tends to drop.

 T It is necessary to maintain the manufacturer prescribed 
tyre pressure to achieve the best performance and fuel 
efficiency.
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Wheel Balancing

 T Due to periodic usage of the automobile, the wheels are subjected 
to wear and tear.

 T The wear and tear is generally non uniform, resulting in im-balancing 
of the wheels.

 T Excessive wear results in tyre wobbling. To prevent tyre wobbling, 
wheels need to be serviced periodically.

Wheel Alignment

 T Due to periodic usage of the automobile, the components connected 
to the steering mechanism wear.

 T The wearing of these components affects steering geometry which in 
turn leads to excessive tyre wear.

 T In order to prevent excessive tyre wear, it is necessary to conduct 
wheel alignment on the vehicle on a periodic basis.

Vehicle Washing

 T During periodic maintenance, there is a high possibility that oil 
or other dirt marks remain on the vehicle body work.

 T After servicing, it is necessary to deliver the vehicle to the 
customer in a clean manner.

 T Hence, it is necessary to wash the vehicle thoroughly before 
delivering the vehicle.
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1 Wash the vehicle & Clean 
Condeser Fins.

EVERY 
Service . . . . . . . . . . . . .

2

Drain water accumulated 
in Sedmenter/When 
warming lamp glow (for 
COMMON RAIL Engines 
Drain water from Fuel 
Filter Bowl (For Diesel 
Engines).

EVERY 
Service . . . . . . . . . . . . .
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3

Check & Top up Fluids 
(If required): Transaxle 
oil, Coolant, Brake Fluid, 
Battery Electrolyte, Wind 
Screen washer fluid, 
Power Steering oil (If 
fitted).

EVERY 
Service . . . . . . . . . . . . .

4 Check Fuel Lines for 
Leakages. 10,000 . . . . . . . . . .

5 Check Rubber Boots & 
Bushes for damage. 30,000 . . .

DIESEL / MPFI / COMMON RAIL ENGINE

1
Clean air filter element 
(more frequently for 
vehicle operatin as TAXI)

10,000 . . . . . . . . . . .

2
Change engine oil filter or 
12 Months whichever is 
earlier

10,000 . . . . . . . . . .

3

Change fuel filter (MPFI) 
/ fuel filter element 
(Diesel)

Change fuel filter 
(COMMON RAIL)

10,000

30,000

. . .
.

. . .
.

. . .
.

.

4
Check all Drive belts 
for tension, adjust if 
necessary

10,000
. . . . . . . . . .

5

Check timing belt, adjust 
tension if necessary,  
replace if defective 
(Diesel / MPFI)

20,000 . . . . .

6
Replace air filter (more 
frequently for vehicle 
operating as TAXI)

40,000 . .
7 Change coolant (or two 

years whichever is earlier) 40,000 . .
8 Replace timing belt 100,000 .
9 Replace Spark Plugs 

(MPFI) 30,000 . . .
10 Replace Sedimenter 

(COMMON RAIL) 100,000 .
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PMS Schedule
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TRANSAXLE

1 Change Transaxle oil 20,000 . . . . .
BRAKES

1
Check front brake pads 
& rear brake linings. 
Replace if necessary

20,000
. . . . .

2

Replace brake fluid (or 2 
years whichever is earlier) 
& Check brake system 
components for Leakages

40,000 . .
WHEELS & TYRES

1 Rotate tyres 20,000 . . . . .
FRONT & REAR SUSPENSION

1 Check & Adjust Wheel 
alignment 20,000 . . . . .

STEERING

1 Replace power steering 
oil 80,000 .

ELECTRICAL

1
Check specific gravity of 
battery electrolyte (OR 
Every 6 Months)

10,000 . . . . . . . . . .
2 Check headlamp 

focussing 30,000 . . .
A.C.SYSTEM

1
Check Airconditioning 
/ HVAC System for 
satisfactory performance

EVERY 
Service . . . . . . . . . . . . .
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. Explain the air filter cleaning process?

2. Why do you require do wheel balancing and wheel alignment?

Worksheet

.

1. Read the quest ons and choose the correct answers.
a. The consumables like oil, air filters etc. tend to wear and tear due to

usage.

i. True

ii. False

b. The lubrication oil due to excessive usage gets burnt and becomes

i. dark

ii. thick

iii. thin

iv. none of the above
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c. Due to periodic applicaion of brakes the  material wears 
out.

i. wheels

ii. tyres

iii. friction

iv. none of the above

Notes
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Answers: Periodic maintenance service – 4 wheeler specific

Question Number Answer

1

a. i

b. ii

c. iii
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Introduction to Earth Moving Equipment
At the end of this session you will be able to:

 T  State the purpose of suspension system

 T  State the basic principle of suspension system

Session Plan
1 Introduction

2 Purpose of Earth Moving Equipment

3 Functions of Earth Moving Equipment

4 Key learnings

5 Worksheet

Introduction 

Earth Movers are machineries which are used for purposes like excavation, pushing or transporting. 
They are utilized on construction site, mines and quarries.

Purpose of Earth Moving Equipment

 T  The term earth moving means, excavating and transporting 
earth in large quantities from one place to another. The 
machinery used to carry out this operation is known as 
earth moving machinery or special vehicles.

 T  These machines work on the principle of hydraulics 
and electronics. The combination of hydraulic fluid and 
electronic calculations are used to generate the force 
required to perform the operation.

The various operations carried out by earth movers are:       

 T Excavation

 T Dredging

 T Grading.
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Functions of Earth Moving Equipment

Excavation

Excavation is the process of forming a cavity by digging or scooping of the earth. 

The machinery used for digging, rock breaking and demolition are known as an Excavators. Sites like 
mining, construction and tunnelling use excavators.

Dredging

Dredging is the process of excavating of materials partly or completely under water. Excavations of 
waterbeds, removing of silt or deepening of waterways are some of the dredging activities. 

Grading

Grading is the process of levelling the surface of the earth to make it completely flat. They are used in 
construction industries for levelling of roads, precision finishing of fields. 

Earth moving equipment is used to perform different operations in  various fields

The various fields in which the earth moving equipment is used are:

 T  Mining application 

 T  Construction application.

Mining application 

 T  Mining is a process of extracting valuable materials from the earth.

 T  In order to reach the valuable materials, the earth needs to be dug and hence the application of 
earth moving equipment.

 T  Since time is money in mining application highly efficient machines are preferred to reduce down 
time and human effort.

The various machineries used in mining application are:

 T  Articulated trucks 
 T  Backhoe loaders
 T  Compactors
 T  Drills
 T  Front shovels
 T  Hydraulic excavators.
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Construction application 

 T Earth moving machinery is used in various construction applications like building of roads, 
tunnels, multi-storey apartments etc.

 T The various activities that need to be carried out in order to successfully complete the job are 
digging, drilling, levelling, paving etc.

The various machineries used in construction application are:

 T  Articulated trucks 

 T  Asphalt pavers 

 T  Backhoe loaders

 T  Compactors

 T  Draglines

 T  Drills

 T  Electric rope shovels

 T  Front shovels

 T  Hydraulic excavators.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are Earth Moving Equipments?

2.  What is the main purpose of Earth Moving Equipment in any application?
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Worksheet

1. Read the questions and choose the correct answers. 
a.  The suspension system work together to control vehicle’s .

i. Movement

ii. Direction

iii. Handling

iv. All of the above

b. Body, frame and engine are called  mass.

i. Sprung

ii. Unsprung

iii. Load

iv. None of the above

c.  Wheel, tires and brake component are called  mass.

i. Sprung

ii. Unsprung

iii. Load

iv. None of the above

d.  Vehicle ride and handling can be improved by keeping the sprung mass as low as possible.

i. True

ii. False
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Notes
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Answers: Introduction to Earth Moving Equipment

Question Number Answer

1

a. iv

b. i

c. ii

d. ii
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Types of Earth Moving Equipment
At the end of this session you will be able to:

 T To state the different types of earth moving equipments;

 T To state the purpose different types of earth moving equipments.

Session Plan
1 Introduction

2 Types of Earth Moving Equipment

3 List of Earth Moving Equipment

4 Various attachments for Earth Moving Equipment

5 Key learnings

6 Worksheet

Introduction 

The various earth moving machinery commonly used are:

 T  Articulated trucks  T  Asphalt pavers 

 T  Backhoe loaders  T  Compactors

 T  Draglines  T Drills

 T  Front shovels  T  Hydraulic excavators

 T  Motor graders  T  Skid steer loaders.

Types of Earth Moving Equipment

Articulated Trucks 

 T  The construction of articulated trucks is unlike 
the conventional trucks where the cabin and the 
carrier both are mounted on a single chassis frame

 T  In an articulated truck construction, the chassis 
members are separated in two or more section 
that are connected together with the help of 
permanent or semi-permanent pivoting joint

 T  The articulated joint allows the vehicle to turn 
more sharply
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Asphalt Pavers

 T  A paver is a special construction equipment that 
is used to lay asphalt (tar) on roads, bridges and 
parking lots

 T  It consists of a large bucket known as pavers 
hopper in the front of the machine

 T  The asphalt is dumped into the hopper using a 
dumper truck 

 T  The paver consists of a conveyer on which the 
asphalt is transferred to the road surface

 T  The paver also consists of a smooth free floating 
surface to provide a uniform surface

Backhoe Loaders

 T  A backhoe loader is a versatile multipurpose 
machinery that can  be used as an excavator and a 
loader

 T  It consists of a digging bucket that is situated at the 
end of a two part articulated arm

 T  The section of the articulated arm that is closer to 
the vehicle is called the boom and the section that 
carries the bucket is known as the dipper or dipper 
stick

 T  The back hoe can be used for different applications 
like digging, drilling etc. by replacing the bucket 
with a suitable attachment

Compactors

 T  A compactor is a machine that is used to reduce the size of waste material or soil through 
compaction 

Waste Compactor

 T  In the case of a waste compactor, the compactor 
consists of spiked wheels and a horizontal hopper.

 T  The hopper is used to push the waste at the 
desired location and is generally used in landfilling

 T  Soil compactor 
 T  A soil compactor,  is a type of a road roller with a 

solid cylinder on the front axle
 T  it is used for compacting crushed rock as the base 

layer underneath concrete or stone foundations
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Draglines

 T  A dragline is an excavator that is used in construction 
and mining applications

 T  It can be classified into two categories

 T  Crawler mounted 

 T  Built on-site

 T  These machines are designed to be dismantled and 
transported to various locations on a flat bed trailer 

 T The dragline consists of a large bucket that is mounted on a large truss like structure known as 
the boom & the bucket is manoeuvred by means of a number of ropes and chains

 T  The hoist rope is powered by diesel or electric motors and supports the bucket and hoist-coupler 
assembly from the boom

 T  The dragrope is used to draw the bucket assembly horizontally

 T  The bucket is controlled for various operations by skilfully manoeuvring of the hoist and the 
dragropes

Drills

 T  Drills are used to create deep holes in the earth. 

 T  The drilling of the length can be precisely controlled. 

Front Shovels

 T  The front shovel is also called a “face shovel” 

 T  It consists of a shorter boom fitted with a large 
bucket facing away from the machine on a arm 
mounted in a pivot in the boom

 T  The bucket arm is pulled back to drive the bucket 
into the loose rock or coal face and then lifted up 
by the boom 

 T The machine then swings and dumps the load usually into a large dump truck by opening the 
back of the bucket which is a hinged flap on the back of the bucket

Hydraulic Excavators

 T  Excavators consists of a boom, stick, bucket and a 
cabin mounted on a rotating platform 

 T  These excavators are either crawler mounted or 
wheel mounted based on the place of application

 T  All movements and functions of a hydraulic 
excavator are accomplished through the use of 
hydraulic fluid with hydraulic cylinder and hydraulic 
motors 
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Motor Grader

 T  The motor grader is used for creating flat surfaces 
like, large-scale land levelling in foundation 
constructions etc. 

 T  Graders generally have three axles, the two rear 
axles support the cab whereas the front axle 
supports the blade attachment

 T  used to create the flat surface and is situated 
between the front and middle axle

 T  The angle of the blade can also be altered 
depending on the type of surface needed 

Skid Steer Loaders

 T  Skid steer loaders are typically four-wheel 
vehicles with the wheels mechanically locked in 
synchronization on each side and the left-side 
drive wheels can be driven independently of the 
right-side drive wheels

 T  It is a small rigid frame, engine-powered machine 
with lift arms used to attach a wide variety of 
labor-saving tools or attachments

 T  Skid-steer loaders are also capable of a zero-radius 
turning, which makes it easily manoeuvrable and 
extremely valuable for applications where space 
is a constraint

 

List of Earth Moving Equipment Manufacturers

 T  Caterpillar Inc.  T CASE

 T  Komatsu  T  Chelyabinsk Tractor Plant

 T  Volvo  Construction Equipment  T  CNH Global

 T  Tata Hitachi Construction Machinery 
(Formerly Telcon)  T  Demag

 T  Liebherr Group  T  Doosan Group

 T  SANY Group Company Ltd.  T  Fiat-Allis

 T  Terex  T  Hyundai Heavy Industries

 T  Doosan Infracore  T  Ingersoll Rand

 T  Deere & Company  T  JCB

 T  Atlas Copco  T  Kubota

 T  Bharat Earth Movers Limited (India)  T  Kobelco

 T  Bobcat Company  T  LiuGong
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 T  Madill  T  MARAIS

 T  Navistar International Corporation  T NCK

 T  New Holland  T  Track Marshall

 T  Orenstein and Koppel GmbH (O&K)  T  Poclain

 T  Rototilt  T  Shantui

 T  ST Kinetics  T  Takeuchi Manufacturing

 T  Wacker Neuson  T  XCMG

 T  Zoomlion

Various Attachments for Earth Moving Equipment

Various attachments for Earth moving equipment are:

 T  Hydraulic Hammer

 T  Pile Driver

 T  Excavator Buckets

 T  Grapple

 T  Crane

 T  Drilling Machine

 T  Feller Bunch

Hydraulic Hammer- is used to demolish concrete structures or rocks. It also 
makes a percussion hammer that is fitted to an excavator for added benefits.

Pile Driver – This equipment drives piles into the soil. Also the 
pile driving is generally used to make the foundations of the 
constructions or the buildings stronger.

Excavator Bucket- The bucket tool is attached to a heavy vehicle 
which is used for excavating or scooping waste, soil and other such 
things.
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Grapple- A grapple is a claw that is used to get hold of something. 
Grapple can be attached to other heavier vehicles or machines for larger 
purposes.

Crane-this lifting machine when used with simple equipment attached 
to it like a rake or a bucket attached to it can lift or move heavier loads. 
It is usually used to move construction waste, soil, debris or waste.

Drilling Machine- These structures are massive in size and is 
used to drill wells or holes in the earth. They are mostly used to 
drill oil or water wells.

Feller Buncher- this is a tool that is used for cutting and logging 
trees. It is a large machine that cuts trees without affecting any 
structures in the surrounding area.

Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are Earth Moving Equipments?
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2. What is the main purpose of Earth Moving Equipment in any application?

Worksheet

1. Read the questions and choose the correct answers.
a. The suspension system work together to control vehicle’s  .

i. Movement

ii. Direction

iii. Handling

iv. All of the above

b. Body, frame and engine are called  mass.

i. Sprung

ii. Unsprung

iii. Load

iv. None of the above

c. Wheel, tires and brake component are called  mass.

i. Sprung

ii. Unsprung

iii. Load

iv. None of the above
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d.  Vehicle ride and handling can be improved by keeping the sprung mass as low as possible.

i. True

ii. False

Notes

Answers: Types of Earth Moving Equipment

Question Number Answer

1

a. iv

b. i

c. ii

d. ii
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Earth Moving Equipment Operation Safety
At the end of this session you will be able to:

 T To state the various safety practices to be followed during earth moving 
equipment operations. 

Session Plan
1 Introduction

2 Operation Safety of Earth Moving Equipment

3 Earth Moving Equipment Preventive maintenance

4 Key learning

5 Worksheet

Introduction

Earth Moving Equipment are designed for industrial purpose and the operation of such equipment 
should only be done by a professional and safety should be kept in mind.

Operation Safety of Earth Moving Equipment

Protective Equipment

 T  It is important to wear the right protective gears during operation of earth moving equipment.

 T  One should always wear a hard hat to protect from falling debris.

 T  Wear reflective vest to get easily discovered in dark areas.

 T  Wear gloves where necessary.

 T  Wear protective glasses to prevent flying particles entering eyes.

 T  Wear seatbelts during operation of vehicles to prevent injuries from overturning.

 T  Vehicle seats should be designed, maintained and adjusted to minimize the adverse effects of 
whole body vibration on the driver, particularly where vehicles are used on rough terrain. 

Basic Operation Safety

 T  Before starting any equipment, be certain that it has been inspected and serviced according to 
the regular schedule.

 T  Before hooking up equipment, make sure any attachments are lowered, the shift lever is in 
neutral, and the brakes are set.

 T  Make sure everyone is clear before moving or backing up.
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 T  Never leave a machine on an incline with the engine running. Vibration may put the machine 
into motion.

 T  Never allow people to ride on the equipment.

 T  When operating equipment on an active road, display flashing lights and a slow vehicle triangle.

 T  Never coast down a hill.

 T  When working near trees, watch for dead branches (“widow-makers”) above the equipment.

 T  Use great care when working near the edges of cuts or fills.

 T  Most mobile equipment is required to be ROPS equipped. Be sure equipment is properly 
equipped.

 T  Avoid operating the machine too close to an overhang, deep ditch or hole and be alert to 
potential caving edges, falling rocks and slides, rough terrain, obstacles and overhead lines.

 T  When working on slopes, avoid side hill travel whenever possible.

Parking and Security

 T  Always lower attachments and set the parking brake before dismounting the equipment.

 T  Always set the brake, lower the equipment, and place the shift lever in neutral at the end of each 
work shift.

 T  Secure the equipment when finished for the day. Make sure it is clear of traffic. If it is not clear, 
mark it with glares or red lights. Lock it up.

A safe system of work should be established prior to any earth moving operation and this system 
should be followed by all personnel engaged in the earth moving operation.

These are some of the important things to be kept in mind during operation of  earth moving equipment 
risk assessment. Before using a specific type of earth moving equipment on a particular site, a risk 
assessment should be carried out. 

 T  Planning the operation: This includes identification and description of earth moving locations, 
scale and duration of the operation, use of access road and possible route of on-site travelling. 
If the machine has to enter and work in confined areas such as the basement of a building or 
other enclosed areas, a permit-to-work system should be developed to check and monitor the 
level of oxygen and any other gases from unknown sources or the engine exhaust selection, 
provision and use of a suitable machine for a particular type of operation.

Consideration should be given to the following limitations: the maximum allowable gradient 
of earth slope to climb; the minimum distance from crawler tracks/wheels to edges of slopes; 
rolling resistance of rubber-tired plant; traction; and ground conditions at different moisture 
contents.

 T  Maintenance, inspection, examination and testing of the equipment periodically by a mechanic 
and service engineer and/ or Professional Engineer. Provision of operation and maintenance 
manual, manufacturer’s specification, and inspection and maintenance log book for the use 
of mechanic, service engineer or other safety personnel during the periodic maintenance, 
inspection, examination and test.  Provision and selection of properly trained and competent 
personnel to operate the machine. Procedures and safety precautions for loading and unloading 
the machine on site.
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On-site Inspection

On arrival of the machine to site, the operator and mechanic should walk around the machine; check 
it carefully according to the check list of the machine after it was unloaded.

Tyres

 T  If it has tyres, the correct pattern and direction of the tread and proper pressure is important. 
They should be checked to see if they are suitable for the ground conditions in accordance with 
the manufacturer’s recommendation. Tyres should be inspected for cuts, tears, and worn tread.

Tracks

 T  Track tension can be checked only if the machine is reasonably clean, and was moving forward 
when stopped for parking. There should be a slight sag on each side of the carrier roller. Too tight 
a track will wear rapidly, while if too loose it will also wear rapidly and may come off.

Working Tool

 T  The bucket, blade, edge, tooth or other part that is forced through soil or rock during earth 
moving is subject to wear and tear due to abrasion and impact action. The operator should be 
alert to report excessive wear and any breakage of these cutting parts. 

Linkage

 T  Each hinge is a point where lubrication is probably required, and where a pin might loosen and 
come out. Steering linkage acting on the wheels is subject to damage from collision with rocks or 
other object. Check for slackness in the steering and lever controls and worn brake pedals and 
rectify and replace as necessary.

Leaks

 T  Surfaces of the machine, and the ground under it, should be inspected for evidence of leakage 
of lubricating or hydraulic oil, or coolant, In the hydraulic system, leaks are usually at joints. If 
the hose itself starts to exude oil, it should be replaced immediately. Leakage for fuel oil and air 
system should also be inspected. Any evidence of leak should be investigated and rectified with 
defective parts replaced immediately.

Radiator

 T The fluid levels should be checked at the beginning of each shift. The radiator should be filled to 
within a few inches of the filler cap. For engine with auxiliary container for coolant, the level of 
the coolant should be maintained within the upper and lower levels as indicated or in accordance 
with the manufacturer’s instruction manual. Never loosen the filler cap of the radiator until the 
engine is cooled down.

Reservoirs

 T  Almost any piece of equipment has one or more fluid reservoirs whose level is checked by a dip 
stick, usually while the engine is shut off. There is always a dip stick for the engine. The operator 
must be sure to use it, and to add oil if necessary, before starting. The tank for hydraulic system 
should be checked either by a sight gauge, a dip stick or a look through the filler cap opening. 
Air reservoirs (or air-vessels) should be regularly drained to remove the condensation water to 
maintain their efficiency.

Air Cleaner

 T  Open and check the presence of trash in the air cleaner. Remove any trash and replace worn out 
parts. Keep the air cleaner in a serviceable condition all times.

 T  Roll Over Protection Structure.
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 T  Look for any loose or damaged bolts. Replace damaged bolts or missing bolts with original 
equipment parts only. Replace the structure mounting supports if the structure rattles or makes 
a noise when the machine is operated on a rough surface.

 T  Seat and Seat Belt.

 T  Inspect the condition of the seat, seat belt and the associated mounting hardware. Replace any 
damaged or worn parts.

Site Preparation

Before any earth moving operation is commenced, site personnel should carry out site preparations 
for safe operation of the earth-moving machinery. The following safety measures should be observed:

 T  Provision of temporary fencings and warnings at edges of embankments, excavations and pits 
against risks of roll over.

 T  Provision of goal posts and warning signs in the vicinity of overhead power lines.

 T  Arrangement of site traffic controls.

 T  Provision of adequate site access roads.

 T  Provision of safety system for other site vehicles such as provision of flashing lights or flags for 
smaller vehicles in large earth moving site.

 T  Provision of safety measures for dumping pits such as the installation of stop logs to rear wheels 
of dumpers.

 T  Provision of protective equipment for banksmen and any ground person assisting in the dumping 
operations such as reflective vests and communication means.

Design  
envelop  
of the  
earthmoving 
 equipment

Height of  
electrical  

assets

Working near Over Head Cables

 T Modifying earthmoving equipment design 
to permanently reduce its design envelope 
(eg fitting and use of electronic or hydraulic 
height control devices).

 T Temporarily shutting down or isolating 
overhead cables.

 T Erecting temporary physical height barriers 
to limit higher loads from passing under an 
overhead cable.

 T Erecting temporary physical longitudinal 
fencing or height markers which indicate 
the extent of movement allowed by the 
equipment.

Preventive maintenance

Earth Moving Equipment go under heavy duty work and thus is more prone to wear and tear. Its 
maintenance is very important for the long lasting of the equipment as well as for safety operations.
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Basic Maintenance

 T Apart from the daily jobs, the schedules are based on machine running hours. Keep a regular 
check on the hour-meter readings to correctly gauge service intervals.

 T  When there is no hour-meter fitted, use the calendar equivalents to determine the service 
intervals.

 T  A badly maintained machine is a danger to the operator and the people working around him.

 T  Make sure that the regular maintenance and lubrication jobs listed in the service schedules are 
done to keep the machine in a safe and efficient working condition.

During Maintenance and Repair

 T  Shut off engines during re-fuelling.

 T  Shut off equipment before making repairs.

 T  When equipment is under repair, place a sign “Under Repair” in the seat, remove the start key, 
or lock out the controls

Basic Preventive Maintenance Service

 T  First 100 Hours Service only, to be completed by your OEM Distributor.

 T  If operating under arduous conditions, change the engine oil and filter every 250 hours.

 T  The oil service interval will be affected if there is a high sulphur content in the fuel. Refer to Fuel 
If operating in dusty working environments, change more frequently. Change the inner element 
whenever the outer element is being changed.

 T  Jobs which should only be done by a specialist.

 T  After a major transmission repair, the new oil should be run to operating temperature and 
changed again to remove any contamination which entered during the repair. Change the oil and 
filter after a further 100 hours if the oil was heavily contaminated because of, or from the failure 
(e.g. water contamination).

 T  Check for leaks every 50 hours, check level if leaking.

 T  After a hub repair, the new oil should be run to operating temperature and changed again to 
remove any contamination which entered during the repair. Change the oil again after a further 
100 hours to remove any bedding-in wear. This is particularly important if new brake plates have 
been fitted.

 T  The axles and driveshafts are factory greased with a high performance grease, if during service a 
standard grease is used, then the interval must be reduced to every 50 hours, contact your OEM 
Distributor for advice.

 T  Check the hydraulic fluid level with the loader and backhoe in the travel position.
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Key Learnings

Summarise your learnings here. Write your answers in the spaces provided.

1. What are the protective equipment to be used when on operation?

2.  List down the basic operation safety measures.

3. What should be done when on the site for before operation?
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4.  What should be done when working near Over Head Cables?

5. What should be kept in mind during maintenance and repair?

6.  Lists down the points for the basic preventive maintenance.
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Notes






