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Pretface

Automotive Mechanics 10e is a comprehensive blended learning package designed for today’s automotive
mechanics student. Now streamlined into a single volume, this tenth edition covers the core competencies
for the Certificate II and III in Light Vehicle Mechanical Technology, as well as a range of the most popular
electives. The single-column design of the new textbook provides an improved reading experience, with
clear illustrations. The many new and revised topics throughout include:

 revised and condensed content to reflect the changes in the automotive industry and the needs of
training providers

 Clear objectives at the beginning of each chapter and summaries at the end to assist both teachers and
students

« anew chapter on computer systems, including CAN Bus wiring repairs, diagnosis and testing

« information on the use of scan tools and other modern diagnostic equipment

» revised content on battery and charging systems, including smart chargers and stop-start systems

» new braking technology, including electronic park brakes and collision avoidance systems

 service and repairs to common-rail diesel systems.

To add to the list above, the Connect platform provides an interactive and meaningful learning experience.
Its rich suite of online learning and assessment resources includes a web-based eBook with assessment
tools, worksheets, interactive activities and PowerPoint summaries.

Automotive Mechanics 10e relates to passenger and light commercial vehicles and covers the principles,
their applications, the construction of components and the basic servicing requirements. It is a valuable
resource for all automotive students and deserves an important place in any automotive technician’s library.
While the resource does not attempt to replace vehicle manufacturers’ manuals, it does provide a general
resource that complements them.

Ed May and Les Simpson
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CHAPTER

Motor vehicle components

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

1 describe the four layouts of passenger and light commercial vehicles

2 identify the major components and systems of motor vehicles
3 state the purpose of the major components and systems of motor vehicles.

A motor vehicle consists of a large number of parts that are assembled during manufacture . Some
parts are large, others quite small. Many are fitted together to form larger components. Some are
bolted together while others, such as the body panels and subframes, are welded together

The term motor vehicle can include passenger cars, station wagons, vans, utilities, trucks, buses
and coaches.

Most of the information in this book relates to passenger vehicles and light commercial vehicles.
However , its basic principles apply to all motor vehicles, including those that do not usually operate
on roads, such as tractors and industrial and construct ion equipment.

1.1 Vehicle layouts

There are four basic layouts of the major mechanical components of passenger and light commercial
vehicles: front-wheel drive, rear-wheel drive, all-wheel drive and four-wheel drive. These are shown in
simplified form in Figures 1.1, 1.2 and 1.8, with their parts identified.

The main difference between them is whether the front wheels or the rear wheels drive the vehicle, and
this can affect a number of other components, such as the mounting of the engine, the transmission, the
drive line and the suspension.

Four-wheel-drive vehicles have additional transmission and drive-line components that carry the drive to
all four wheels. In many four-wheel-drive vehicles, front-wheel drive is selected by the driver only when it
is needed; other vehicles, referred to as all-wheel drives, operate in four-wheel drive at all times.
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1.2 Sections of a motor vehicle

A motor vehicle consists of a number of sections that, for convenience, can be considered as follows:

1 Engine assembly . The source of power

2 Frame or chassis . The basic structure to support the engine and mechanical components

3 Drive train. Gears and shafts to connect the engine to the driving wheels

4 Running gear . The wheels, tyres, suspension, steering and brak es, for the vehicle to operate on the road

5 Electrical system . The battery , wiring, lights, starter , alternator , electronic controls and other electrical
components

6 Body of the vehicle . Provides seating for the driver and passengers and, in commercial vehicles, carries loads.

To service these various parts, it is necessary to know their name, function and location. It is also
necessary to understand how they operate and to be familiar with their construction and design. A knowledge
of adjustments, servicing requirements and accepted methods of carrying out repairs is vital.

1.3 The engine assembly

The engine is the source of power that provides the torque or turning force that drives the vehicle. Engines in
motor vehicles are called internal-combustion engines because fuel (petrol, distillate or gas) is burnt inside them.

Figure 1.3 shows a basic engine with its main parts identified. This is a four-cylinder petrol engine of the
type fitted to passenger and light commercial vehicles. Figure 1.4 shows more details of an engine of this type.

Burning fuel inside the cylinders of the engine produces a high pressure that forces the pistons to move
down their cylinders. Piston movement is transferred to the crankshaft by the connecting rods, causing the
crankshaft to rotate. This rotary motion is then carried by the drive train to the driving wheels and used to
propel the vehicle along the road.

The engine assembly includes the engine itself, as well as all the components and systems needed to make
it start and run. These include the starting, charging, cooling, ignition, lubrication, fuel and exhaust systems.
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|

timing belt f

camshaft
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exhaust valve

cylinder head
y intake valve

piston rings

ist
piston flywheel

cylinder

connecting
rod

timing
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connecting-rod

bearing crankshaft

crankshaft
main

oil pan
bearing

Figure 1.3 Basic construction of a four-cylinder engine
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Figure 1.4 External components of an engine identified

1.4 Hybrid-drive wvehicles

Hybrid-drive vehicles have an internal-combustion engine combined with an electric motor to provide the
power that drives them. This is to improve fuel economy and reduce exhaust emissions (the electric motor
produces no emissions). The engine can be designed smaller than usual and thus more fuel efficient.

The basic hybrid arrangement is shown in Figure 1.5, with its main parts identified. Depending on driving
conditions, the power to drive the vehicle is delivered by the engine, the electric motor or a combination of
the two. A fuel tank supplies petrol to the engine and high-voltage batteries provide power to the electric
motor. The battery is recharged by a generator when the electric motor is not in use.

1.5 The drive train

The drive train, also called the power train, includes all the components that carry drive from the engine
to the driving wheels of the vehicle. Different arrangements are used for rear-wheel drive and front-wheel
drive (see Figures 1.1 and 1.2).

With rear-wheel drive, the drive reaches the rear wheels through the clutch, transmission, propeller shaft,
final drive, differential and rear axle.

With front-wheel drive, the drive is carried by the clutch, transaxle and drive shafts to the front wheels. There
are similar components to those of a rear-wheel drive but they are arranged differently and are more compact.

Vehicles with automatic transmissions have similar drive trains to those with manual transmissions but
have a torque converter instead of a clutch. Automatic transmissions for front-wheel drive are known as
automatic transaxles.

Handy hint: The term drive is commonly used, although what is actually being transmitted is torque , or
twisting force .

1.5.1 Clutch

The clutch is a friction-type coupling that enables the engine to be connected or disconnected from the
transmission. It consists basically of a large disc held against the engine’s flywheel by spring force. The disc
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Figure 1.5 Skeletal arrangement of a hybrid-powered vehicle

is released by the driver pressing down the clutch pedal. This allows the gears to be engaged and gearshifts
made. The clutch also enables the load to be applied gradually when starting the vehicle.
Figure 1.6 shows a simplified clutch arrangement. The clutch disc is held against the face of the flywheel by

the diaphragm spring, but is released by the movement
of the pedal being transferred through the cable to the
release fork. The clutch shown is manually operated,
its operation depending on the action of a cable and
levers. Other clutches are operated hydraulically.

1.5.2 Rear-wheel drive

In rear-wheel-drive vehicles, a drive shaft, called the
propeller shaft, carries the drive from the transmission
to the rear-axle assembly. It has universal joints and
a sliding spline which allows the shaft to change its
length and ‘angle’ so that it can adjust to rear-axle
and suspension movement.

Rear-axle assembly

The rear-axle assembly of a rear-wheel-drive vehicle
contains the gears and axles that carry the drive from
the propeller shaft to the rear wheels. The final-drive
gears (the crown wheel and pinion) provide a gear
ratio of about 4:1. They also change the direction of
drive by 90°, from the propeller shaft to the rear-axle
shafts and rear wheels.

The rear axle also houses the gears of the differential.
When the vehicle is travelling in any direction other
than straight ahead, one rear wheel must turn faster
than the other. The differential allows this, while still
delivering drive to both rear wheels.

clutch

disc
pressure

plate
{

flywheel

pressure

pedal

control
cable

release
bearing

diaphragm
spring
> release fork

Figure 1.6  Simplified illustration of a clutch assembly
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Handy hint: With a 4:1 gear ratio in the final drive  , the propeller shaft would rotate four times to turn
the rear wheels once

1.5.3 Front-wheel drive

The arrangement of a front-wheel drive is shown in Figure 1.7. The engine is mounted transversely, that is,
across the vehicle. Therefore, there is no need to change the direction of drive before it reaches the driving
wheels. Drive is transferred from the engine by the clutch to the gears of the manual transaxle, then through
the final-drive gears and differential (which are in the transaxle housing) and then by the drive shafts to the
front wheels.

The drive shafts have special types of universal joints called constant-velocity joints. Apart from allowing
the shafts to adjust to suspension movement, the outer joints in the shaft must allow the front wheels to turn
for steering.

1.5.4 Four-wheel drive and all-wheel drive

Four-wheel-drive vehicles have a final drive and axle at both front and rear. Figure 1.8 shows the basic
arrangement of a larger four-wheel-drive vehicle. There is a propeller shaft from the transmission to both
the front and the rear axles. This has a secondary transmission, known as a transfer case, located beside the
main transmission. This is used to manually engage front-wheel drive.

All-wheel-drive vehicles operate in four-wheel drive all the time. They have a centre differential, or a
special silicon coupling that allows for different speeds at the front and rear wheels. This is in addition to
the differentials in the front and rear axles.

1.6 Transmissions

A transmission, usually called a gearbox, contains gears and shafts that provide a number of different gear
ratios between the engine and the driving wheels. Gears are needed because an internal-combustion engine
produces little power when running at low speeds.

To move a stationary vehicle, a low gear allows the engine to operate at a fairly high speed while the
driving wheels turn at a low speed. This delivers a high torque to the wheels so the vehicle can move off easily.
However, a low gear ratio is unsuitable for higher road speeds because the engine would have to operate at
speeds far higher than it is capable of. For this reason, a transmission with a number of gears is used.

MU engine

flywheel
and clutch

transaxle

universal
joints

Figure 1.7 Arrangement of a transaxle and front-wheel drive FORD
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front axle .. ;
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front propeller
shaft
) rear propeller
front final drive transfer case shaft

Figure 1.8  Arrangement of the drive line of a four-wheel-drive veh  icle

Transmissions in passenger vehicles may have three, four, five or even six different gear ratios for forward
movement as well as one for reverse. For light trucks, five or six gear ratios are often provided. Large trucks
have an even greater number of gears.

In addition to the gear ratios within a transmission, a gear reduction also occurs in the final drive. In rear-
wheel-drive vehicles the final drive is located in the rear-axle assembly, and in front-wheel-drive vehicles
it is within the transaxle housing.

Handy hint:  With front-wheel drive , the transmission is called a  transaxle because it combines the
functions of a transmission with those of an axle

1.6.1 Manual transmissions

In a manual transmission or a transaxle, gears are selected by the driver moving the gear lever. When
selecting or changing gears, it is necessary to isolate the engine from the transmission using the clutch. The
overall gear reduction between the engine and the rear wheels is provided by the gears in the transmission
and the gears of the final drive.

For example, if the first gears of the transmission provide a ratio of 3:1 and the gears of the final drive
provide a ratio of 4:1, the overall effect would be a gear ratio of 12:1. The engine crankshaft would rotate
twelve times to turn the driving wheels once.

Other possible transmission ratios are: second gear 2:1; third gear 1.5:1; fourth gear 1:1; and fifth gear
0.5:1. Changing up through the gears enables the road speed to be increased while maintaining reasonable
engine speeds. Gears in the transmission also transmit torque, and so lower gears are used in conditions
where the engine is operating under load.

Handy hint: ~ Gear ratios similar to those shown could be used, but the actual ratios depend on the
particular mak e and model of vehicle . An example of a low ratio is 3.166; even ratios are not used.

1.6.2 Automatic transmissions

Automatic transmissions (Figure 1.9) have a different type of gears, but they have similar ratios to a manual
transmission. Gear shifting is done automatically without action from the driver.
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Figure 1.9  External parts of an automatic transmission FORD

Instead of a clutch, vehicles with an automatic transmission have a torque converter between the engine and
the transmission. This is a hollow flywheel which is full of oil and attached to the crankshaft of the engine. Drive
is transmitted through the converter by fluid being forced against vanes on the internal parts of the converter.

At engine idle speed, the fluid in the converter moves slowly and drive is not transmitted. When engine
speed is increased, the fluid has sufficient force to carry drive through the converter to the transmission
gears. There is slip between the parts of the converter, and this can provide a form of gearing under certain
conditions. A clutch in the torque converter operates automatically in the higher gears to prevent slip.

1.7 Running gear

The running gear includes the suspension, wheels, tyres, brakes, steering and all the other chassis components
that enable a vehicle to operate on the road. Separate chapters of this book are devoted to most of these, but
a number of them will be considered briefly here.

1.7.1 Suspension

The suspension system supports the body of the vehicle and reduces the transmission of movement from
the wheels to the body while keeping the wheels in correct alignment. The suspension system includes the
wheels and tyres, axles, springs and shock absorbers. It also includes the arms and linkages that attach them
to the chassis or subframe.

There are a number of different arrangements. Figure 1.10 shows a strut-type suspension unit. This
consists of a coil spring mounted on a strut (a large shock absorber) and the axle spindle on which the
wheel hub is mounted. This type of suspension is referred to as McPherson suspension. It is fitted to many
passenger vehicles and can be used for both front and rear suspensions.

Springs
The wheels and axles are isolated from the chassis or subframe by the springs, which support the main parts

of the vehicle. Springs allow the wheels to move up and down as they meet bumps or holes in the road,
reducing movement that would otherwise be transferred to the body and passengers.



Figure 1.11 shows the action of a coil spring.
When the wheel encounters a bump in the road,
the spring compresses; when it meets a hole, the
spring expands. This enables the wheel to follow
the irregularities in the road. Linkages, or arms,
connect the knuckle to the subframe and hold the
wheel in position. There are various arrangements
for both front and rear suspensions, which include
coil springs, leaf springs and torsion bars.

Shock absorbers

Shock absorbers dampen out the action of the
springs. Without them, the springs would continue
to compress and expand (or oscillate), moving the
body of the vehicle up and down. This repeated
up-and-down movement would not only produce a
very rough ride but would make the vehicle unstable.
It would be difficult to control, particularly at higher
speeds and on curves.

A shock absorber is fitted between the suspension
and the body or frame near each wheel. Shock
absorbers are filled with fluid which provides the
damping action. McPherson struts have inbuilt
shock absorbers and thus do not need separate ones.

1.7.2 Wheels and tyres

Wheels are made of pressed steel or aluminium
alloy (the latter is used as it is lighter than steel
and has cosmetic advantages). They consist of two
sections: a rim and a flange. The rim provides a
mounting for the tyre, while the flange has holes
to allow the wheel to be bolted to the axle hub.
Passenger vehicles use single wheels. Light trucks
have single wheels at the front and dual wheels at
the rear to increase their load-carrying capacity.

Pneumatic tyres

Pneumatic tyres support the vehicle and absorb
shocks from smaller irregularities in road surfaces.
Tyres with a separate inner tube were used for many
years, but passenger cars now use tubeless tyres in
which the air is retained by the airtight casing of
the tyre and its fit on the wheel rim. Tyres provide
cushions of air that enable them to flex slightly
as bumps are encountered, giving a smooth ride.
They also provide good frictional contact with the
road surface for the driving wheels and braking.

1.7.3 Brakes
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Figure 1.11  The coil spring compresses as the wheel
encounters a bump in the road

Brakes slow or stop the vehicle. With disc brakes, a disc attached to the wheel hub is clamped between two
brake pads. Drum brakes have a drum attached to the wheel hub and braking is by means of brake shoes,

which are expanded against the inside of the drum.

Both types are operated hydraulically. Hydraulic fluid in the system transfers force from the driver’s

brake pedal to the brakes at the wheels.
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master cylinder brake hose
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Figure 1.12  Braking system arrangement ~ GM HOLDEN IID

Figure 1.12 shows the arrangement of a braking system. The hydraulic system consists of a master
cylinder, which is operated by the brake pedal, and hydraulic lines and hoses, which connect the master
cylinder to the brake cylinders at the wheels. The system is filled with hydraulic brake fluid.

Brakes are power assisted, which reduces the force that the driver has to apply to the brake pedal. Some
brakes are fitted with an anti-skid (or anti-lock) braking system (ABS). This prevents the wheels from
skidding when the brakes are forcibly applied.

A parking brake can be applied by a foot- or hand-operated lever. The parking brake applies the rear
brakes via cables located between them and the handbrake lever.

1.7.4 Steering system

The steering system permits the front wheels and hubs to be turned to the left and right so that the vehicle can
be steered. The steering wheel is attached to a shaft connected to a steering box. Gears in the steering box are
connected to the steering linkage, which is then connected to the front wheels. This arrangement turns the
wheels in whichever direction the steering wheel is turned.

Figure 1.13 shows the steering arrangement for a rack-and-pinion steering box. Inside the steering box, a
small gear on the end of the steering shaft is meshed with the gear teeth of a rack. This can be moved from
side to side by turning the steering wheel, and this movement turns the wheels. This design of steering box
is used extensively on passenger vehicles.

Most vehicles have power steering, where hydraulic pressure in the steering box assists the driver.

Handy hint: A rack is a bar into which gear teeth have been cut; a pinion is a small gear; a worm isa
spiral-shaped gear

1.8 Electrical system

The electrical system includes all the electrically operated parts of the motor vehicle, such as the battery,
alternator, starter motor, switches, controls, lights and instruments. Figure 1.14 shows the location of various
electrical systems.

The battery provides electrical energy when the engine is stopped. It operates the starter motor, ignition
system and the other accessories necessary to start the engine. Once the engine is running, the alternator
supplies the electricity. It also recharges the battery, replenishing the energy used in starting the engine.

The alternator has a grooved pulley and is driven by a belt from a similar pulley attached to the front of
the engine’s crankshaft. Its output increases with engine speed and so it is fitted with a voltage regulator.
Electrical wiring installed throughout the vehicle connects the various parts of the electrical system.
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1.8.1 Electronic cantrols
Electronic control units (ECUs) play a major part in the electrical system of motor vehicles. These are
micro-computers with electronic components and circuitry that can monitor electrical components and
perform a variety of tasks.

Many vehicles have a power control unit that looks after various engine functions and also automatic
transmission controls. There is also a body control unit to control such items as lights, instruments, airbags,
remote locking and entertainment.

Handy hint:  While it is not necessary to understand exactly how electronic components and control
units work, it is important to know why they are needed and what they do

1.9 Body and associated parts

1.9.1 Vehicle construction

Passenger vehicles have a body of unitised construction. Reinforced panels and subframes are built into the
body to provide the necessary strength and stiffness. A body of this type is shown in Figure 1.15.

Subframes for supporting the engine and transmission, the front and rear suspensions and other mechanical
parts are built into the reinforced under-body panels. Strengthened sections of panels are used for mounting
other components.

The subframes provide mountings for the engine, the transmission, the suspension and the steering. The
engine has rubber mountings to prevent noise and vibration being transmitted to the vehicle body. Rubber
bushes between the various parts of the suspension and the subframe also insulate against the noise and
vibration that originate at the road and tyres.

Some light commercial vehicles have a cab and chassis. They have a driver’s cab of unitised construction
and a frame, or rear chassis, on which a tray-type body or a commercial body of some other design can
be built.

Larger commercial vehicles have a full frame or chassis to which the body, engine, suspension, steering
and other mechanical components are fitted. The chassis is made of steel channel or box section for strength,
the parts being welded or riveted together. Cross-bracing makes the frame rigid enough to withstand the
shocks, twists and vibrations that it will be subjected to during operation.

The body components include the metal panels of the body shell, the doors, bonnet (hood), boot lid,
bumper bars, seating, soft trim, glass, body hardware, ornamentation, sound insulation and paintwork.
Figure 1.16 identifies the main external parts.

1.9.2 Body panels

Body panels such as the roof and door panels are made from sheet metal that is pressed to shape between
dies in large presses. The shaped parts are then welded together before being subjected to the finishing
processes of sanding, priming and painting. While most structural parts are made of steel, aluminium alloy
is used for panels in some vehicles because of its lighter weight.

VE Commodore body structure
steel usage

Materials

Low carbon

I Medium strength

M High strength (340 MPa)

[ Advanced high strength (350-700 MPa)
|| Ultra high strength (950-1100 MPa)

B Aluminium

Figure 1.15  Body structure with different metals used. These pro vide light weight and strength ~ GM HOLDEN II'D
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Figure 1.16 ~ External body parts GM HOLDEN I'D

1.9.3 (lass

Windscreens are made of laminated glass. This has two thin layers of glass with a thin layer of clear plastic
between them. If the windscreen is damaged, a layer of glass may chip or crack but will remain bonded to
the plastic and the other layer of glass. Visibility is unaffected.

The glass in the rear window and doors is toughened safety glass. If this is damaged, it will crack into
small pieces across the entire pane but will usually remain in position.

Handy hint:  Safety glass is used as it breaks into granules instead of sharp pieces lik e ordinary glass.
This mak es it safer for the vehicle occupants.

1.9.4 Body hardware

Body hardware includes door locks, handles, hinges and window mechanisms. There are also smaller items
such as bolts, screws and clips and other fasteners.

1.9.5 Interior trim

There are hard trim and soft trim parts. Hard trim items are metal fittings and plastic mouldings that finish
off sections of the interior of the vehicle. Soft trim items include door linings, hood lining, floor mats,
carpet, upholstery and other vinyl or fabric trimmings.

1.9.6 Ornamentation
The body has a number of small ornamental items such as the name of the vehicle, model badges or emblems.

1.9.7 Mouldings

Some vehicles have a plastic strip, usually called a moulding, along the belt line, on the mudguards and
doors. As well as being ornamental, they also protect the panels.

1.9.8 Bumpers

Bumpers are fitted to the front and rear of the vehicle. They provide a small measure of protection against
damage from collision, but only at very low speeds. The bumpers on passenger vehicles are in the form of
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skirts, which are moulded to provide the finish to the front and rear of the body. Commercial vehicles have
bumper bars of steel which gives more protection than plastic.

1.9.9 Grilles

A grille at the front of the vehicle allows air to reach the radiator. Some vehicles have a decorative grille;
others have air-flow space in the front of the bodywork.

1.9.10 Paintwork

During manufacture, the body panels are given anticorrosive treatments. Some body panels are made from
galvanised steel, which resists corrosion, while other panels and parts are sprayed with rust-preventative
materials after assembly.

A bead of sealer is applied to joints between panels, and sound-deadening compound is applied to several
places, such as the undersurface of the body and the inside of the door panels. Folds and seams, which
could trap moisture and dust, are treated with anticorrosive material that penetrates between the surfaces.
The exterior of the body undergoes a surface-preparation treatment before being primed and is then sprayed
with its finishing coats of paint of the required colour.

1.10 Components and part names

All motor vehicle parts have names, with replacement parts also having part numbers. Some names relate
to the part’s location, often with the words upper or lower added. Others are combined with left or right, or
front or rear, for example upper radiator hose and right front wheel.

Some parts are obviously named according to their function, such as filter, spring or shock absorber. The
derivation of other parts’ names can be harder to establish. For example, the diesel engine takes its name
from its creator, Dr Diesel.

Names of components and parts can vary from country to country, as can spelling. For example, clutch
disc can be spelt disc or disk. However, the reason for the names can usually be worked out, and this helps
in remembering them.

1.10.1 Larger components

Larger components consist of a number of small parts: for example, the gearbox can be considered as a
component and the gears that are fitted inside the gearbox as parts. Many components that contain other
parts are referred to as housings or boxes, such as the clutch housing and gearbox.

In other cases, parts can be considered to form a system which consists of a number of components
or parts; for example, the fuel system includes the fuel tank, fuel pump, fuel lines and fuel injection
components. The diagrams in Figures 1.1 and 1.2 show the components in simple form and enable various
components that make up the mechanical section of a motor vehicle to be identified.

Handy hint: The terms components, parts, units and items are all used in relation to motor vehicle
parts.

SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an
automotive service and repair context. Y  ou will be able to:

« identify the sections of a motor vehicle

« identify the drive train, which has gears and shafts to drive the wheels

« state the different types of transmissions

» name the basic electrical components, such as the battery , alternator and starter motor
* state the operation of the internal combustion engine
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Name the main sections of a motor vehicle

Why is the engine referred to as an internal-combustion engine
What types of fuel are used in automotive engines ?
What is the purpose of shock absorbers ~ ?

Why are tyres necessary  ?

What are the parts of the power train ~ ?

Why is a clutch necessary  ?

Why is a transmission fitted to a vehicle ?

What is a transaxle ?

What is the function of the universal joints ~ ?

What does the differential do  ?

What are the two designs of brak ~ es?

What is the purpose of the suspension ~ ?

Name some of the parts in a rear-axle assembly

Name some of the electrical parts of a vehicle

How is the alternator driven  ?

Chagter | Motor vehicle components

What are the main differences between a front-wheel-drive and a rear-wheel-drive vehicle ?
Name the main external body parts of a passenger car . Refer to Figure 1.16.
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CHAPTER

Workshop safety

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

1 state the requirements of workshop policies and procedures relating to personal
safety

state the safe operation of equipment and safety around motor vehicles and their
components, including engines and batteries

follow emergency procedures relating to fires, fire extinguishers, evacuation
plans and first aid

contribute to workshop safety as a member of a team.

The type of work that takes place within an automotive workshop carries risks of severe injury or
death from such activities as manually handling heavy or awkward components, vehicles slipping
from hoists and jacks, or vehicles being moved inthe vicinity of people working. Other less obvious
risks include breathing in asbestos or the fumes from w elding, soldering or solvents.

Workplace health and safety (WHS)is everyone ’s responsibility . Employers have an ‘absolute
duty of care’ to provide and maintain a safe workplace , and employees have a duty to take
reasonable care to protect their own safety and the safety of others. This includes knowing how to
eliminate or control risks and hazards.

A proactive attitude towards identifying hazards and reporting them to relevant personnel is
crucial. Everyone can adopt this attitude , which is key to creating and maintaining a safe , happy
and productive workplace . Equally important is following up concerns and taking action. None of
this can happen without effective management and com munication and record-k eeping skills.

Every state has legislation to protect an individual’s health and safety at work. More information
on WHS is available by visiting the national website , Safe Work Australia, www.safework australia
.gov.au or the WHS authority’ s website in each state or territory

2.1 Personal safety

Items of personal safety are referred to as personal protective equipment (PPE). These must conform to
Australian standards; if they do, they will be marked accordingly. The owner of a business or workplace
must display a list of the PPE required, and all individuals must comply with relevant regulations at
all times. The following are the more common items of PPE (Figure 2.1).
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2.1.1 Hearing protection

Continuous exposure to loud noise can cause permanent damage to hearing that may take many years to
become apparent. Operating noisy equipment and using air tools are examples of activities that require the
use of hearing protection, the nature of which is determined by the level of noise and length of exposure to it.

2.1.2 Skin protection

Gloves should be worn to protect the skin when handling hazardous materials such as refrigerants and
solvents. The type of glove will depend on the task being carried out.

Application of a good barrier cream throughout the day will help protect the skin from cracking and
minor irritations. Cuts and abrasions should be attended to immediately to prevent infection.

2.1.3 Clothing

Suitable clothing should always be worn in the workshop. Loose sleeves and other loose clothing can

catch on parts of a vehicle or become tangled in equipment. Rotating parts such as fans, belts and drills are

particularly dangerous as they could, for example, catch a loose sleeve and quickly pull a hand into them.
Long hair can become entangled in rotating parts.

Tie long hair back or wear a cap or other headgear.

2.1.4 Footwear

Sturdy footwear—especially that fitted with reinforced
toecaps—will protect feet from hazards at floor
level and falling objects.

2.1.5 Safety ghsses and shields

Eyes need special protection. Clear safety glasses
should be worn whenever there is a risk of eye injury,
for example when using a grinding wheel or for any
workshop job involving dust or metal particles.

Dark glasses must be used during gas (oxy-
acetylene) welding. These enable the weld to be seen
and also protect the eyes against the intense light,
heat and sparks.

Arc welding produces rays that can permanently
damage the eyes and burn the skin, so a special
protective face shield with a dark-glass window
face shield should be used and adequate clothing
worn. It is dangerous to operate a welder or watch

somebody else doing so without this equipment. Figure 2.1 PPE is a vital element of workshop clothing

SHUTTERSTOCK
2.2 Other personal safety issues

2.2.1 Housekeeping

Keeping the workshop clean and well organised
makes it safer, especially by minimising the risk from
trip and slip hazards. Good housekeeping makes for a
more efficient working environment (Figure 2.2).
Work benches, portable benches and tool boxes
make it much easier to store tools and components
that have been removed from vehicles. Keeping
cleaning products and tools close at hand helps
manage small spills and blemishes as soon as
they occur. :
Attention to housekeeping also shows an attitude  Figure 2.2 A clean and tidy workshop is safer , more
of professionalism and respect for the vehicle owner.  efficient and reflects a professional attitude =~ SHUTTERSTOCK
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Vehicles should be treated with care. They should be
protected by covers (interior and exterior), and any
dirty marks cleaned before the vehicle is returned.
This is an expectation in, and of, workshops today.

2.2.2 Personal hygiene
Personal hygiene should be strictly observed when
working in automotive workshops. While working
with chemicals like solvents, oil, grease and
petrodiesels, it is important to avoid contamination
of skin, eyes and lungs. Washing hands before meal
br,eaks and Wear,ing a,p perriate PPE when dealing Figure 2.3 Demonstrating a safe lifting posture
with these chemicals is vital. SHUTTERSTOCK

When affected by any contagious illness such as
flu, it is very important to avoid passing it on to
others in the workplace. Using tissues and handkerchiefs helps to prevent airborne contagion, and it is
helpful to the self and others to consider staying at home when sick.

2.2.3 Manual handling

Manual handling is any activity that requires a person to lift, lower, push, pull or carry an object. Incorrect
manual handling causes many workshop injuries. Good handling habits that reduce the risk of injury include:

Use lifting equipment for heavy loads.

Seek help from others to reduce the effort required.

Lift correctly, using leg muscles rather than back muscles (Figure 2.3).
Plan your work and store heavy items at waist height.

Always lift within your comfort zone .

2.2.4 Safety and tools

Small hand tools should be kept clean and tidy and be used correctly. Hammerheads should be secure,

screwdrivers and chisels kept ground to the right shape, and drills and punches sharpened correctly.
Larger tools should be kept under control and not scattered about. Keep equipment out of aisles and

working spaces where they would become a hazard, taking particular care with jack handles and creepers.

[T VO

2.2.5 Using compressed air

Use air pressure carefully. Never point an air gun or hose at yourself or another person as particles of dirt
can be blown at sufficient speed to enter the eyes or penetrate the skin. High-pressure air forced against
the skin is very dangerous as it can enter the bloodstream. Also, rust from the compressor can cause blood
poisoning.

2.3 Machine and equipment safety

Equipment includes things like safety stands, floor jacks and engine-lifting cranes. Machines normally
have rotating or cutting components and are externally powered by electricity, hydraulics or compressed
air. Workshop equipment is expensive and must be treated with care—the operator is responsible for using
it safely. Safe operation of machines and equipment means using them correctly. Following manufacturers’
instructions will reduce the risk of injury and ensure the most efficient use of the machine.

2.3.1 Use of machines
Standard operating procedures (SOP)

Every piece of machinery in the workplace must have its standard operating procedures (SOP) attached
with, at a minimum, the following information:

* manufacturer’ s operating instructions
* associated safety hazards
* any recommended PPE.
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Figure 2.4 A range of safety signs that may be found in an automotive workplace SIGN TECH

Mobile equipment such as jacks and stands
can have their SOP attached to the wall nearest to
their storage location. Safe Working Loads (SWL) o T ‘
are found on the jack and stands decals, subject to - s 'H!TAcrgg
Australian Standards. R —

Machine guards A
Guards should be fitted to machines with external f'\s :
moving parts. They protect the operator, who should
make sure that they are correctly in place.

Grinders should have covers over their grinding
wheels to prevent grindings from being thrown
towards the operator. The tool rests should always
be adjusted close to the edges of the wheels. This Figure 2.5 Portable electrical tools should be tested and
will prevent a particle that is being ground from  (o0ed regularly COURTESY COMPLETE TES & TAG
jamming between the tool rest and the grinding
wheel. This could injure the operator, damage the wheel or ruin the article being ground.

Wheel balancers also require the use of safety guards. A guard over the tyre will protect the operator from
dust or small stones that might be dislodged from the tread while spinning.

2.3.2 Electrical tools

When using electrical tools, always read and follow the operating procedures, keeping hands and clothing
away from moving parts.

Every 240-volt power tool should have a tag attached to its cord (see Figure 2.5), showing when it was
last tested for electrical safety. When equipment is found to be faulty and at risk of harming somebody, it
is important to immediately isolate it and attach a tag that shows clearly that the item is faulty and not to
be used. The workplace supervisor and all potential users of the equipment should also be informed. The
equipment should be repaired or replaced as soon as possible.

2.4 Motor vehicle safety

Mechanics should appreciate the value of the motor vehicles in their care. A motor vehicle is a complex
piece of machinery and should be treated as such, whether being worked on or driven.
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Responsible driving protects mechanical parts, prolongs vehicle life and prevents accidents. When
parking, make sure that the vehicle is safe: that is, apply the parking brake and place a manual transmission
in the correct gear, or an automatic transmission in park.

2.4.1 Protecting the wvehicle

When working on a vehicle, the paintwork and upholstery must be protected from being marked or damaged.
Covers should be used on mudguards, seats and floor mats.

The final part of any workshop job should be to ensure that the vehicle is clean and ready for use. The
tyres, engine oil, coolant, brake fluid and fuel should be checked, whether they were part of the repair or
not, before the vehicle can be considered ready for delivery.

2.4.2 Spills, leaks and splashes

Clean up spills and splashes when they happen. Hydraulic brake fluid will remove paint and must be dealt
with immediately: wash the area with plenty of water straight away. No wiping is required. Hydraulic brake
fluid can cause skin irritation if it comes into contact with hands or other parts of the bodys; if this happens,
the fluid should be washed off with soap and water. Engine coolant will also remove paint—spills should
be removed by flushing with water.

Fuel leaks are a fire hazard and should be corrected as soon as they are discovered. Oil leaks make a
mess and a severe oil leak from the engine could cause engine failure, with permanent damage to engine
parts. Spillages of these chemicals also contribute to the contamination of our environment and waterways,
and all work should involve practices to minimise this.

Sustainability:  More information on the environmental impact of spills and leaks is available at
WWW .epa. vic.gov.au.

2.4.3 Preparing the wehicle for the customer

When the service or repairs are completed, a vehicle should be thoroughly cleaned and inspected before
being returned to the customer. All fluid levels should be checked, as should tyre pressures. Fault codes
when repaired should be deleted and service indicators re-set where required.

2.4.4 Jacking and raising vehicles

Jacks must be placed securely under vehicles and used only at the correct jacking points (Figure 2.6). An
incorrectly placed jack will not only damage the vehicle, but could also slip, allowing the vehicle to fall and
cause injury.

Stands should be used to support a vehicle after it has been raised by a jack. These must also be placed
under jacking points to prevent damage. Stands must be used for work under a vehicle—never work under
a vehicle that is supported only by a jack.

Vehicles being raised on a hoist should be suitably positioned, with lifting arms or pads correctly placed.
Failure to do this will create an unsafe situation and
could also cause structural damage to the vehicle.

All lifting and supporting equipment should have
the safe working load (SWL) marked on them in
kilograms or tonnes. Never exceed the limit.

2.5 Safety with vehicle components

Some components that are being dismantled are
under load and require special precautions to
prevent injury. For example, care is needed with
compressed springs, particularly suspensions, where
correct jacking is required to relieve the load before
the spring is removed. Special tools are sometimes
used to hold the spring during replacement of the Figure 2.6  Jack a vehicle safely and place lifting stands
strut (Figure 2.7). in the right places

correc t
correct lifting jacking point
point
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2.5.1 Brake and clutch dust

Dust should not be blown from brake or clutch
parts. Airborne dust can be inhaled, presenting a
health hazard particularly, lung cancer. Use only
brake and clutch cleaner to clean.

2.5.2 Arbag precautions

The vehicle manufacturer’s procedures and precautions
should always be followed when working on vehicles
that have airbags. When an airbag is deployed,
it suddenly inflates (Figure 2.8). There will be a
loud noise, some smoke and white powder. As the
airbag deflates, it will release nitrogen gas, which is
harmless. The metal parts will be hot.

Safety: Airbags will deploy if the crash
sensors are disturbed or voltage wrongly
applied to the airbag wiring.

2.6 Engine safety

The engines of vehicles manufactured before 1986
will produce dangerous exhaust emissions including
hydrocarbon (HC), oxides of nitrogen (NOXx)
and carbon monoxide (CO). Carbon monoxide
is a deadly gas, and a vehicle’s exhaust should be
connected to an exhaust extraction system. Vehicles
manufactured after 1986 still produce emissions, so
adequate workshop ventilation is required.

2.6.1 Engine moving parts

If an engine is running, make sure that hands
or clothing do not affect any moving parts. Pay
particular attention to drive belts, pulleys and fans.
Many engines have a long belt driving a number of
pulleys, while others have two or more belts which
must be avoided.

Care is needed with electric fans. They are

temperature controlled and do not run continuously. With the ignition switch on and the engine running,
a stationary fan could start up when least expected. With hybrid vehicles, the engine may start at any time
if the vehicle is in the ‘ON’ position. Always check the instrument cluster before working on the vehicle.

2.6.2 Cooling system

The coolant in the engine and radiator reaches temperatures above the boiling point of water. The coolant
is also under pressure and scalding coolant will be forced from the radiator if the radiator cap is removed

when the engine is hot.

To avoid scalding of hands, face or arms, the radiator cap should be removed only when the engine is
cold. If it has to be removed before an engine has cooled down, it should be covered with a heavy pad of
rag. The cap should be turned only as far as its first stop, until pressure has been relieved. Then it can be

completely removed.

2.6.3 Exhaust system

The exhaust manifolds and the other parts of the exhaust system reach high temperatures. To prevent burns,

Safety Bars |
Coil Spring\#ﬂ:I

Figure 2.7 Tool being used to hold a suspension
spring safely during removal and replacement

airbag

dash

Figure 2.8  An airbag that has been deployed

the engine and associated parts should be allowed to cool before working on them.
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2.6.4 Ignition system

Make sure that the ignition switch is turned off and the engine stopped before working on or near
the ignition system. The ignition system produces exceedingly high voltages, and these can be
dangerous. Contact with any part of the ignition system while the engine is running should be avoided.
People with heart pacemakers should be particularly careful of the high voltages that could affect the
pacemaker’s operation.

2.6.5 Petrol fuel system

Petrol spills and leaks around the vehicle are dangerous because petrol vaporises at room temperature and
is easy to ignite. Small spills will happen when the fuel line is disconnected during normal servicing and
repairs (for example, replacement of the fuel filter or connecting a pressure gauge). These operations are
safe if properly prepared for in the following way:

1 Depressurise the fuel system by running the engine with the fuel pump fuse removed until the engine stops.
Some systems have a fitting for depressurising.

2 Disconnect the battery . See handy hint below

3 Keep drip trays and rags handy

2.6.6 Gas fuel systems

Vehicles that use gas as a fuel require different safety precautions from petrol or diesel systems. Liquid
petroleum gas (LPG) is heavier than air and will collect in low places such as drains or pits. Natural gas for
vehicles (NGV) is lighter than air and will collect in roof spaces. The work area should be well ventilated
in case of a gas leak.

In both cases, the valve must be turned off at the tank and the fuel lines purged of gas before any
components are removed. Naked flames or sparks must also be removed from the work areas.

2.7 Battery safety

Care is needed when working with or near batteries. They should be handled and maintained correctly as
they can cause corrosion, produce gas and sparks and inflict burns (Figure 2.9). The following should be
remembered:

Safety: Wash off any battery acid that comes into contact with the skin. For eyes, flush with plenty of
clean water and seek medical advice

1 Batteries contain sulphuric acid, which can irritate the skin, damage clothing and corrode metal parts.

2 Burns can result if contact is made with the battery terminals, or between the ‘live ’ terminal and the engine
or body . Take care when using tools on or near battery terminals.

3 The battery can be isolated by disconnecting the cable from the negative terminal.

4 Disconnect the battery if work is to be done on
any electrical component or circuit. Failure to do
this could damage the electrical system.

5 Disconnect the battery if it is to be recharged in
the vehicle . This will prevent possible damage to
electrical components.

6 During charging, a battery produces an explosive
(hydrogen) gas that will damage the battery if
accidentally ignited. Keep sparks and flames away
from batteries that are being recharged.

Safety: Remove all jewellery before working on
vehicle electrical systems. Electricity tracking
through jewellery can cause serious burns.

Handy hint: Most modern vehicles need to
have an alternative electrical source before
their battery is disconnected. This prevents
loss of memory and settings in electronic
components. Figure 2.9 Possible hazards when working with batteries
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2.7.1 High-voltage systems
Vehicles are now being produced that operate on DANGER

higher voltage than 12V DC. Some components NO SMOKING
. . NO IGNTION SOURCES
also operate on alternating current (AC) internally at WITHIN 3m

high enough voltages to cause injury or even death.
Some examples are diesel injection, traction control,
anti-lock brakes (ABS) and hybrid vehicles. High-
voltage cables are coloured orange and red and may
be live up to five minutes after disconnecting the
battery or removing the fuse. The manufacturer’s
instructions should always be followed.

2.8 Hazardous materials

Many of the materials used every day in the workshop
can be hazardous to people or the environment if
they are not used, stored and handled correctly.

All chemicals classified as dangerous or hazardous
must be stored properly and clearly labelled. The
label should show the class of hazard posed by the  Figure 2.10  Flammable liquids storage cabinet ~ PBA
chemical, and how it should be stored, used and  SAFETY
disposed of safely. Figure 2.10 shows petrol stored in
a flammable liquids storage cabinet. The following are points about particular hazardous materials:

1 Oils should be stored away from flammable sources and in a protected bunded area (this is an area with
a secondary containment system) to limit environmental contamination. They should be stored in their
appropriately labelled containers and sealed.

2 Brake fluid should be stored in a sealed container , specifically labelled and in original packaging. It must be
kept away from sunlight and moisture and in a bunded area.

3 Brake dust can contain asbestos and should be treated with every precaution as it is extremely dangerous.

Under no circumstance should dust be inhaled or allowed to come into contact with the body . Items
contaminated by asbestos should be double-bagged and disposed of at approved sites only . Vehicles built
after 2004 will not have been manufactured with asbestos.

4 All chemicals have different compositions and should be treated with caution. Information on storage ,use,

dangers, medical treatment and firefighting techniques can be found in the SDS (safety data sheet, see next
section) on manufacturers ’ websites.

5 Cleaning products * SDSs will indicate the risks associated with them. Chemicals that are biodegradable are
safer for the environment and should be used where possible . All cleaning chemicals have special purposes
and these should be understood before use

2.8.1 Safety data sheet (SDS)

Manufacturers of chemicals and other products used in the workplace must provide a safety data sheet
(SDS). This contains more detailed information than can be provided on a label. An example of a safety
data sheet is shown in Figure 2.11. The data sheet contains the following information:

* manufacturer’ s details and product name

» dangerous goods classification

» physical properties such as boiling point and ingredient concentrations

* hazard information such as health effects, first aid and advice for medical professionals

e precautions for use , including exposure limits and protective equipment required during handling
 safe handling, storage and spills, and emergency services.

Copies of SDS should be kept in a central location to which everyone in the workshop has access.

Handy hint:  Safety data sheets can be easily updated from manufacturers > websites and added to the
workplace folder for quick reference in an emergency
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SAFETY DATA SHEET

Castrol Brake Fluid DOT 3

&Castrol/

Section 1. Identi fication

GHS prod uct id entifier Castrol Brak e Fluid DOT 3
Product co de 467148 -AUXX
SDS no. 467148
Relevant iden tified uses of't he substance or mixtu  re and uses adv__ised against
Use of the substance/ Brake fluids.
mixture For specific application adv ice see appropriate Te chnical Data She et or cons ult our
com pany representative .
Manuf acturer
Supplier Castrol Australia Pt y Ltd
Level 17, 717 Bourke Stree t
Dock lands, Victoria 3008
ABN 87 008 45940 7
www.castrol.com .au
Tel: +61 (03) 9268 4111
Fax: +61 (03) 9268 3321
EMERGENCY TELEPHONE +61 2801 44558 (or 1800 14 14 74 within Australia)
NUMBER
OTHER PRODUCT Technical Advice Helpl ine Num ber: 1300 55 7 998
INFORMATION

Section 2. Hazard(s) identification

substan ce or mixture

GHS label element s

Hazard pict ogram s

Signal w ord DANGER
Hazard statements H318 - Causes serious ey e da mage.
Precautionary _statement s

General P103 - Read label before use.
P102 - Keep out of rea ch of children .

Immediat ely call a POISON CENTER or physician.

Storage Not appl icable.
Disposal Not appl icable.
Supplemental label Not appl icable.
elements
Other hazards w hich do not Defatting to the sk in.

result in classification

Classification of t he SERIOUS EYE DAMAGE/E¥E IRRTATION - Category 1

P101 - If nedical a dvice is needed, hav e product container or label  at hand .
Preventio n P280 - Wear ey e or face protection.
Respons e P305 +P351 +P338 +P310 - IF IN EXES: Rinse cautiously with water for several

minutes. Rem ove contact lenses, if pres ent and easy to do. Cont inue rinsing.

Figure 2.11  Safety data sheet CASTROL
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2.9 Emergency procedures

Everyone in the workplace should know what to do in case of an emergency. Likely emergencies could
include fires, chemical spills, serious accidents and personal injury. If the emergency requires the
evacuation of the building, everyone should immediately go to a predetermined assembly area outside the
building. Key staff in the workplace should be trained to handle the evacuation and signs placed throughout
the building showing the location of exits and assembly points. It is important that everybody knows the
ambulance, fire and police emergency contact number. Throughout Australia this number is 000.

Workshops and businesses are required to keep various safety- and emergency-related documents.
These include injury registers, accident registers, risk assessments, incident reports, operational and safety
policies and procedures. It is important that all employees understand how to fill in these reports and also
have a clear understanding of operating procedures in their workplace.

2.9.1 Firstaid

The objective in all workshops should be to remove hazards and so prevent workshop accidents. However,
if an accident does occur, correct and appropriate first-aid treatment is needed.

First aid means rendering immediate assistance in the event of an accident or sudden sickness. The most
important actions are those which save life, for example, resuscitation, stoppage of severe bleeding and
treatment of poisoning.

All workshops should have at least one person who is fully trained in first aid and who knows what to
do in an emergency. If an accident occurs in a workshop, or there is a case of sudden illness, a person with
first-aid training will know how to handle the situation.

In all cases of serious accident, professional medical aid should be sought immediately.

2.10 Fires and fire safety

For a fire to occur (combustion), three things must be present:

1 Fuel. This can be any combustible material—a liquid, a solid or a gas.
2 Air This provides oxygen, which is required to sustain combustion.
3 Heat. This is needed to bring the fuel to a temperature at which it will start to burn.

All combustible materials must be converted into a vapour before they will burn, and it is the vapour that
actually burns. Different fuels, or combustibles, will vaporise at different temperatures. Those that vaporise
at low temperatures, such as petrol, are classed as flammable materials.

Fire safety means being aware of the potential fire hazards in a workshop and minimising them. It means
having appropriate firefighting equipment available and knowing how to use it. It also means knowing how
to contact emergency services.

2.10.1 Fire hazards

Petrol, distillate, cleaning solvents, oily rags, welding and smoking represent particular fire hazards in an
automotive workshop. Petrol is a highly flammable liquid that must be handled and stored carefully. At
room temperature, it gives off vapours that are easily ignited by a spark or flame, and so safety precautions
must be observed wherever petrol is used. For this reason, ‘No smoking’ signs are displayed in many
workshops.

Distillate is not as volatile as petrol. It requires higher temperatures to produce vapour and so is less of
a hazard.

Oily rags and waste are a potential source of fire. As they can be ignited by spontaneous combustion,
they should be placed in covered metal containers.

Welding creates heat and sparks that could start a fire and ignite liquids such as petrol, cleaning fluids
and solvents. Welding should be confined to a welding bay, as far as possible. When welding on a vehicle,
precautions should be taken in relation to the closeness of fuel, whether it is in the fuel tank, fuel lines or
in the engine compartment.

Gas fuels (LPG and NGV) have special safety precautions and there are particular regulations that apply
to vehicles with gas fuel systems.
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2.10.2 Extinguishing fires

Figure 2.12 shows a triangle of combustion. Each
side of the triangle represents one of the three
elements needed for combustion—fuel, air and heat.
The principle of extinguishing a fire is based on the
following:

Remove the heat by
cooling burning fuel.

Remove or ex clude
air by smothering .

1 Removing fuel. If the fuel is removed, the fire will
starve and go out.

2 Excluding air . If air is excluded by smothering the
fire, there will be no o xygen and combustion can
no longer tak e place .

3 Reducing the heat. If heat is reduced, the
temperature will drop and combustion will cease . Remove the fuel.

2.10.3  Classes of fires Figure 2.12  The triangle represents the three elements
The various types of fires are separated into classes:  of a fire—air, fuel and heat. R emove one side of the
triangle and it will collapse , just as removing one element
of the fire will extinguish it

fuel

1 Class A fires. Solid materials, such as paper , wood
or cloth.

2 Class B fires. Flammable liquids, such as petrol,
kerosene , methylated spirits and paints.

3 Class C fires. Flammable gases, such as LPG and NG V.

4 Class D fires. Burning metals, such as magnesium, sodium and lithium.

5 Class E fires. Live electrical equipment, such as in switchboards, motors, switches or appliances.

Handy hint:  Electricity is not a fuel, but it can generate heat and high temperatures that can cause a
fire (and still be present during a fire).

2.11 Fire extinguishers

There is no single type of extinguisher that would suit all classes of fires, so fire extinguishers are designed
for use on particular classes of fires. This is necessary because burning liquids require different treatment
to burning solids, and conducting materials cannot be used on electrical equipment.

When a solid material is on fire, it can usually be cooled down with water to a temperature where it will
no longer burn.

To control a liquid fire the air supply must be blocked off. Air contains oxygen, which is necessary to
sustain all forms of combustion. When air is blocked off, burning can no longer take place.

An electrical fire should have the power supply isolated and then the fire smothered.

2.11.1 Extinguisher identification
The different types of fire extinguishers are identified by colour. They can also be identified by the class of
fire (A to E) for which they are suitable. The extinguishers commonly found in automotive workshops are
foam, carbon dioxide and powder (Figure 2.13).

The types of extinguishers are described below. The best way of becoming familiar with them is to check
the extinguishers in your workshop and read the instructions on the labels.

Foam extinguishers

These are used for class A and B fires. They must not be used on electrical fires. They are red with a blue
band and eject foam, which can be used on petrol and similar liquid fires. The foam blankets the liquid,
cutting off the air supply. If the fire is in a container of liquid, the foam should be directed to the side of the
container so that it spreads across the surface of the liquid.

Carbon dioxide extinguishers

These are suitable for class B and E fires. They are red with a black band and consist of a pressure cylinder
which contains carbon dioxide. When directed at a fire, the gas removes the oxygen and cools the burning
material to below combustion temperature.
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Figure 2.13  Fire extinguishers for automotive workshops FIREQUIP

Safety: Do not allow the discharging gas to come into contact with your fingers as it can cause
frostbite . Hold the discharge nozzle by the plastic handle

Powder extinguishers

These are suitable for class B, C and E fires. These are red extinguishers with a white band. They expel a
fine powder which smothers the fire and also absorbs some of the heat.

Water extinguishers

These are coloured red and are suitable for class
A fires only. They are not suitable for automotive
workshops but may be found in office and reception . "

areas. &
I Iam%SwD

2.11.2 Water and other methods FIRE BLANKET
: o3

=)

Water can be used as a jet to reduce the temperature, ; 1
or as a spray to restrict the air. ' il
Sand thrown over most small fires will extinguish
them. A sack or similar cover can be used to blanket
the flames in small fires. P

I

Fire blankets guLL DowNWARDS
Clothing that is on fire can be extinguished by

wrapping the wearer in a special fire blanket (see

Figure 2.14). This cuts off the air supply.

Safety: Prompt, appropriate action at the start
of a fire can stop it spreading. Figure 2.14  Fire blank et FIREQUIP
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SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an

automotive service and repair context. Y  ou will be able to:

state the importance and demonstrate correct use of PPE

apply safe manual handling procedures

demonstrate the safe use of machines and power tools

work safely around engines and vehicle components

demonstrate how to store and dispose of hazardous materials

state what to do in an emergency

demonstrate fire prevention techniques and the correct use of fire extinguishers.

REVIEW QUESTIONS

O 0 3 N L AW~

N N — = e e e
—_— O O 0 0N kW~ O

Identify five important items of personal protective equipment.

How can you help to ensure the safety of other people ?

What precautions should be tak  en when using compressed air?

List some precautions that are needed in relation to workshop machines.
Before using a machine , what general check should be carried out?
What safety precautions relate to portable electric tools ?

What precautions should be tak  en when parking a vehicle ?
When working on an engine , how could the bodywork be protected?
Why are the jacking points of a vehicle important?

Why should special care be tak  en when working with batteries  ?
Why is it necessary to tak e care with airbags ?

Name some of the hazards associated with a running engine

What is a flammable liquid and how should it be stored?

Name four items of important information that can be found on a safety data sheet.
What is spontaneous combustion ~ ?

What are combustible materials ?

How does air affect a fire ?

What is meant by the classes of fires ?

What type of extinguisher should be used on an electrical fire ?
When would a foam-type extinguisher be used?

What is first aid?

31






CHAPTER

Workshop practices

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

1 identify general processes, practices and procedures that are carried out in a

mechanical repair workshop

explain the meaning of specific terminology associated with motor vehicle
servicing and repairs

describe operations and processes associated with motor vehicle servicing
and repairs.

Many different tasks are carried out in an automotive workshop . These range from general
servicing and maintenance to major repairs and complete overhauls of mechanical and electrical
systems. Regardless of the job, all tasks must be completed safely while also observing the correct
procedures to protect the environment.

3.1 Automotive service and repair procedures

Service and repair procedures are likely to include the following tasks.

3.1.1 Measuring

Measuring is carried out on motor vehicle systems and components. The length, thickness, diameter and
angle of components are checked to determine serviceability. Pressure, vacuum, voltage and revolutions
are also measured. The correct care, use and maintenance of measuring equipment is vital to ensure that all
procedures are carried out to the required standard.

3.1.2 Dismantling

Motor vehicle systems are made up of a range of components which need to be removed for either repair or
replacement. The level of dismantling or repair tasks ranges from basic to significantly complex, the latter
requiring a high level of skill and knowledge. Manufacturer service manuals provide detailed information
on the correct way to carry out these tasks.

3.1.3 Cleaning

Cleaning mechanical systems and components is important and must be carried out effectively. Failure to
do so can result in personal injury, damage to components and the environment.
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Cleaning options include the use of:

1 Parts cleaner . A tank filled with a cleaning solution. It has a flexible metal spout which pumps the solution
into a tray , and parts are then cleaned with a brush.

2 Ultrasonic frequency . Parts are placed inside a tank and cleaned using ultrasonic frequency

3 Heavy-duty spray washers.  Operating lik e a dish washer , these are large enough to clean components such
as engine blocks, transmissions and differentials.

4 Hot tanks. Parts are placed inside a large tank filled with cleaning solution. Some of these tanks are fully
automatic, have an agitator , operate on a rinse cycle and recycle the solution.

5 Pressure cleaner . A high-pressure water cleaner

Once cleaned, components can be inspected and prepared for reassembly.

Sustainability: ~ When choosing cleaning fluid, always consider using a product that is non-to xic,
* biodegradable , water-soluble and has no hydrocarbons. A material safety data sheet (MSDS) will
outline the correct usage of  , and disposal methods for , cleaning fluids. Where possible , recycle all
unwanted parts.

3.1.4 Inspecting

Motor vehicle systems and components are subjected to wear and can also be damaged by poor workmanship.
During servicing, repairs and overhauls, components are checked for correct specifications to determine if
they can be reused. Inspection procedures are vital in this process.

Handy hint:  Parts that are suitable for reuse are classed as serviceable . Parts damaged or worn
beyond specified limits are classed as unserviceable

3.1.5 Replacing

Routine servicing, repairs and major overhauls of systems and components often require new parts to be
fitted to vehicles. Some parts need to be replaced, while others, such as engines and transmissions, can be
reconditioned and reused.

3.1.6 Reassembling

The system being repaired must be reassembled to manufacturer specifications. Attention to detail and
knowledge of the system’s function and operation are required, as is the correct use of tools and equipment.

3.1.7 Installing

In the automotive industry, the term installing refers to the fitment or replacement of a part or component.

% Handy hint:  Special tools are sometimes needed to install parts such as oil seals and bearings.

3.1.8 Adjusting

Various parts of a motor vehicle require some form of adjustment as part of servicing and repair. Adjustments
compensate for wear and restore the original
specifications of the manufacturer. Some parts can
be manually adjusted (Figure 3.1), while other parts
require complete disassembly, accurate measurement
and adjustment by the fitting of specified shims.

3.1.9 Lubricating

The correct lubrication of mechanical components in
a motor vehicle is vital. Due to the effects of friction
and extremely close tolerances, engine, transmission
and driveline components require a high-quality oil
to lubricate and protect all surfaces. Other moving
parts within a motor vehicle (such as wheel bearings)
are filled with grease that lubricates their surfaces.
Without effective lubrication, moving parts within a .
motor vehicle will not be able to withstand the effects  Figure 3.1  Adjusting—adjusting screws enables the valve
of heat or friction under continued operation. clearance to be set to the thickness of the feeler gauge
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3.1.10 Diagnosing

The complexity of modern vehicle systems means that systematic checks need to be carried out to identify
and rectify faults. This is often referred to as troubleshooting or fault finding. While electronic fault diagnosis
equipment can identify specific problems within a system or component, the automotive technician must
have an exceptional understanding of how mechanical systems and components operate in order to diagnose
problems and recommend solutions.

3.2 Workshop operations

Other tasks that an automotive technician will perform include repairing or reconditioning parts which have
been dismantled, modifying parts, manufacturing a tool or a fitting or carrying out regular maintenance of
workshop equipment. Some of these are indicated below.

3.2.1 Fitting

Some repairs require using basic hand tools which include hand-fitting operations such as drilling, threading,
cutting, filing, grinding or reaming.

3.2.2 Machining

Automotive machining includes valve and valve seat grinding and cutting, brake disc and drum turning and
cylinder honing.

3.2.3 Grinding

Grinding is part of some general repair and fabrication tasks. It is also used to sharpen and maintain
small workshop tools. Reconditioning of engine parts is performed using specialised grinding machines.
Examples include valve-refacing and a crankshaft-grinding machines.

3.2.4 Turning

A lathe manufactures specialised parts, and its effective operation requires a high level of skill. The part
is mounted in the lathe and turned, or rotated, while a cutting tool removes metal to produce the required
shape and size.

3.2.5 Dirilling, boring and honing

Portable electric drills drill holes. Drill presses, which are permanently mounted on a bench or a frame, are
also used as they provide greater accuracy and stability. Holes that are too large to be drilled are bored. For
example, cylinders are rebored with a boring bar. This has a bar with a rotating cutter that is fed down the
cylinder so that it cuts a small amount of metal from the cylinder wall as it rotates.

Honing is an abrasive process that uses a rotating hone with abrasive stones attached. When inserted
into a cylinder, the stones press against the cylinder wall. Using a drill, and applying the correct speed and
movement, the rotating motion of the hone creates the finished pattern within a cylinder.

3.2.6 Welding

A range of welding options are available. These include:

1 Arc welding. A process where metals are welded using heat generated from an electric arc. This is the most
basic type of welding.

2 TIG welding. Tungsten inert gas (TIG) uses a tungsten electrode to create the weld. This type of welding can
produce a high-quality finish.

3 MIG welding. Metal inert gas (MIG) uses a combination of Argoshield gas and a seamless wire electrode to
create a weld.

4 Gas welding. A flame is created using a combination of o xygen and acetylene gas and is used to weld and
cut metals.

Welding safety

While using welding equipment or observing welding tasks, it is vitally important to wear appropriate
personal protective equipment (PPE); welding produces rays that damage eyes and burn skin. Safety glasses,
welding shields, leather aprons, leather gloves, welding caps and flame-resistant cotton clothing that covers
the entire body should be worn to prevent injury.
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Safety: Special safety precautions must be tak en with all welding to prevent burns or damage to eyes
(see Chapter 2).

3.2.7 Fabricating

This is the process of manufacturing components from a range of materials including sheet metal, steel or
plate. Fabrication includes processes such as cutting, drilling, bending, welding and machining.

3.2.8 Soldering

Soldering is sometimes referred to as soft soldering to differentiate it from some forms of brazing. (Brazing
is a process whereby two pieces of metal are joined by being bonded by a molten alloy.) Soldering is used
for electrical connections and for the manufacture and repair of older-style radiators. Solder consists of tin
and lead, and melts at a relatively low temperature.

3.3 Production processes

A motor vehicle consists of a large number of parts, which vary in size and complexity. Smaller parts are
assembled to form components. Parts are made in numerous ways such as being cast, formed, pressed,
machined, forged and ground. They are then fastened together by a number of different methods such as
welding, bolting, riveting or bonding.

Figure 3.2 shows a section of a rear suspension. The various parts are labelled with the processes that
produce them. The following outline of production processes explains more about how parts are produced.

3.3.1 Casting

Casting is a process where molten metal is poured into a shaped mould made of sand or metal. It is typically
a production process for large parts such as an engine block, cylinder head and transmission housings.

With diecasting, molten metal (usually a copper/zinc alloy) is forced under pressure into shaped metal
dies. This produces smooth castings which require little or no finishing. Examples of parts produced by
diecasting include small engine accessories and body hardware.

extruding and
forming to shape

@ [/ welding
=; / forming and welding
[ g
rubber X
moulding =

K@ pressing

forging and
machining

pressing and

rubber moulding casting and

machining

machining and
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forming

welding pressing

machining and
grinding

Figure 3.2  Part of a rear suspension, showing the manufacturing processes that produce the various parts GM HOLDEN II'D
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Handy hint: A die is a block of metal that is shaped or patterned to a required specification. It is used
to apply a standardised shape or pattern to other pieces of metal.

3.3.2 Moulding

Moulded plastics are made by shaping plastic within a mould or die. This is a simple and relatively
cost-effective process. Grilles, dash panels, centre consoles, door trimmings and bumper bars are
examples of the moulded plastics that are used in vehicles. Plastic parts are much lighter than the
equivalent metal parts.

Fibreglass parts, which are made of glass fibres impregnated with special resins, are also produced by a
type of moulding. Tough, lightweight and durable, fibreglass is used mainly for special body parts.

3.3.3 Extruding

This is a process of forcing metals such as aluminium or plastic through a shaped die. When the material
emerges, it has the same shape as the die opening. Moulded plastic and aluminium strips are made by
this method.

3.3.4 Forming and pressing

The term forming describes the process of bending heavy metal sections to a specific shape. For example,
parts of a truck frame are made from steel, which is cut to size and then formed, or bent, into channels or
other suitable shapes. The parts are then joined together by welding or riveting.

Pressing is used for body panels that are produced from sheet steel or, in some cases, sheet aluminium.
This is done with large presses which press the metal between dies. Pressing operations can include shaping,
folding, bending and hole punching.

3.3.5 Production welding

A range of mechanical components are combined and welded together during the manufacturing process.
These include mountings, brackets, suspension parts and subframes.

In modern vehicles, body panels and other components are spot-welded together by automated
robotic systems. Spot welding involves the overlapping of thin sections of metal and applying pressure
via an electric current, which fuses the metals together. A number of spot welds side by side can form
a continuous weld.

3.3.6 Forging

Some parts are produced by forging, where metal (usually steel) is heated until it is white-hot and then
hammered to shape. Front axles on trucks are an
example of what is called a large forging; open-
ended spanners are an example of a small forging.

3.3.7 Machining operations

A machine tool is a specialised machine that shapes or
machines a range of the mechanical parts of a motor
vehicle. Machining operations include drilling holes,
threading, boring, grinding or cutting. Machined
parts include shafts that are ground to size, gears with
various forms of teeth, cylinder blocks and surfaces,
bored cylinders, pistons, wheel hubs, axles, pulleys,
pins and bearings.

Fasteners used on motor vehicles include studs, . . .
. . bolt in bolt with stud with
bolts, nuts, screws and rivets, as well as associated threaded hole nut nut
parts such as washers, snap rings, keys and cotter
(split) pins. The application of bolts and studs is
shown in Figure 3.3. Figure 3.3 Methods of using bolts and studs
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Handy hint:  The terms bolt, stud and screw sometimes overlap . The meanings that follow are the ones
usually given to these parts.

3.4.1 Bolts

Most bolts have hexagonal heads and are threaded for only part of their length. They are often fastened by
a nut, but can be used in threaded holes. Zinc- or cadmium-plated bolts and nuts are used where there is
widespread corrosion.

Some bolts have to sustain a greater load than others, so their diameter will vary. As bolts are made from
different types of metals, they have different load ratings. They are categorised into either metric or imperial
sizes and are classed according to their strength. Metric bolts have their heads marked for identification.

Figure 3.4 shows differently classed bolts and their head markings. For those with numbers marked on
the head, the higher the number, the stronger the bolt. Bolts with recessed heads have embossed lines. For
these, the more lines, the stronger the bolt. For example, two lines represent class 5 and three lines represent
class 7. Bolts with a plain head are usually class 4.

Bolts should always be refitted in their original location; replacement bolts should be of the same class
as the original.

3.4.2 Studs

Studs have no head and are threaded at both ends. One end is often a coarse thread, which is screwed into a
threaded hole in a casting. The other end of the stud has a finer thread fitted with a nut.

3.4.3 Nuts

Although nuts vary in shape and design, most are hexagonal (Figure 3.5). Plain hex nuts are often combined
with a lock washer to prevent them from working loose. An acorn or dome nut provides a neat finish and
protects the threaded end of a bolt.

Slotted and castle (or castellated) nuts have slots, and the bolt or shaft on which they fit is drilled to allow
a split pin to be inserted. This provides an effective locking device so the nut cannot work loose. When
fitting a split pin, the head should fit neatly into the slot on one side of the nut. One end of the pin is bent
over the end of the bolt; the other end is bent back
onto the flat of the nut. The ends should be trimmed
neatly to length.

Self-locking nuts

Some nuts have a built-in locking feature that helps
to prevent them from working loose (Figure 3.6).
The nut in Figure 3.6(a) has a slot cut in the side
which has been partly closed to distort the top two
or three threads. These bind on the bolt and prevent
the nut from loosening.

Figure 3.4  Classes of bolts are identified by markings on The interference nut in Figure 3.6(b) has a collar
their heads of nylon or soft metal. This binds against the thread

collar
T \at
(a) Self-locking (b) Interference
castle dome (c) Self-locking (d) Palnut

(or castellated)

Figure 3.5 Various types of nuts Figure 3.6  Types of self-locking nuts
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of the bolt and prevents the nut from unscrewing. The self-locking nut with vertical slots in Figure 3.6(c) is
constructed so that its top threads are tight on the thread of the bolt. This holds the nut in position. The palnut
in Figure 3.6(d) is a thin nut that is screwed tightly onto the larger nut. The palnut acts as a lock nut to prevent
the larger nut from loosening.

Handy hint:  Some nuts and bolts are secured with thread-sealing compounds which are applied before
the nut is tightened.

3.4.4 Screws

Screws are versatile fasteners which secure a range of
components. The screws in automotive applications
generally have a thread that is the entire length of
the shank (Figure 3.7). Specific tools are required
to remove or install some screws as the heads have
various shapes with different styles of slots.

Certain bolts with hexagonal heads are also
threaded for their full length and classed under
the broad heading of screws. These are sometimes
referred to as setscrews or capscrews.

The points or ends of screws (as shown in Figure 3.8)
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Rivets hold together parts that normally do not have

to be dismantled. Generally used on thin materials, Figure 3.8 The points of screws or bolts can be shaped
a pop rivet is placed in pre-drilled holes in the metal  for particular purposes

that needs to be joined. A riveting tool applies
pressure to the rivet shank, which causes the rivet to
spread. This forces all parts together before breaking
off the rivet shank.

Solid rivets have a head that is either flat,
countersunk or oval in shape. After being installed keyway
in the hole, the end of the rivet is formed to shape. shaft
There are special tools to form oval heads, but a Woodru™ key
ballpein hammer is generally suitable. Forming the
head also spreads the rivet in the hole, and this helps shaft key collar
to hold the parts securely together.

3.4.6 Keys

Keys and splines are used, in conjunction with other
fasteners, to secure gears, pulleys, collars and similar
parts to shafts (Figure 3.9). The key fits into a recess
or slot in the shaft, while also projecting above it. The

6p'kf-: y

collar

Square ke y

collar or other part has a keyway that fits over the key.  Figure 3.9 Keys used between a collar and a shaft
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A Woodruff key fits into a recess in the shaft. Square-section keys are also used. With these, the shaft
has a long groove (or keyway) to accommodate the key and a corresponding groove in the collar that
fits onto the shaft. A nut or bolt and washer on the end of the shaft keeps the collar or part in place.

3.4.7 Splines

Splines are external grooves cut into a shaft that mesh with the internal grooves of another mating shaft. A
parallel spline allows a shaft to slide, accommodating variations in shaft length. A tapered spline ensures
that all parts are held firmly together.

3.5 Locking devices

Locking devices prevent nuts and bolts from working loose. Various types of locking devices can be used,
and the type applied will depend on the level of locking security required.

3.5.1 Lock washers

Lock washers (Figure 3.10) are used under nuts and under the heads of bolts. Spring washers are a type of
lock washer. They are strong, flat spiral springs which are placed under a nut or the head of a bolt. When
the nut or bolt is tightened, the spring compresses. This places a load under the nut or head of the bolt,
preventing either item from working loose. Other types of lock washers have small teeth so when placed
between the head of a bolt or nut and the component being fitted, they grip or bite together and prevent the
nut or bolt from loosening.

3.5.2 Snaprings or circlips

These are internal or external rings of spring steel that spring or snap into place when installed. Smaller
rings, often called circlips, are made of round wire; larger snap rings are usually flat (Figure 3.11).
External snap rings are used on shafts to hold bearings, gears or collars in place. They fit into a groove
in a shaft and are expanded with special circlip pliers when being installed or removed.
Internal snap rings are used within the grooves that are machined into housings that retain bearings
or other parts. They have to be contracted when being installed or removed so that they can fit inside the
housing and then be fitted into the groove.

3.5.3 Other locking devices

Other locking devices include:

1 Tab washers. Fit under the bolt or nut and have a
tab that can be bent against a flat side of the bolt
or nut.

2 Locking wire . Threaded through holes in two
or more adjacent bolt heads so they hold each
other .

3 Tocking plates. Have tabs and are used between
two bolts or nuts.

4 Staking. Using a small chisel or centre punch to
mark or groove into the ends of the threads of
a nut and bolt. The punch mark or  staking locks
both items together . The stak ed nuts are only
used once .

3.5.4 Locking compounds

To prevent nuts or bolts from loosening, a small
quantity of locking compound is applied to the thread
or other part during assembly. Locking compounds
are available in a range of strengths, and are suitable
for various purposes. They can be used to lock the
threads of bolts, nuts and studs or to help retain
pulleys or gears on shafts.

e O &

spring external internal  external

internal
Figure 3.10  Lock washers
housing
shaft groove _
snap ring groove in hole
snap ring
External Internal

Figure 3.11  Snap rings or circlips
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3.6 Screw threads

There are two types of threads: external threads and internal threads. Screws, bolts and studs have
external threads while nuts and threaded holes have internal threads. Most threads are right-hand, where
the nut can be screwed onto a bolt, or a bolt screwed into a hole, with a clockwise turn. Left-hand
threads are used for special purposes where a right-hand thread could work loose, such as on some axles
and some truck and van wheel nuts. Wheel studs will have L and R, for left and right, stamped on them.

Handy hint: Threads are used not only for fastenings but also for transmitting motion or power ,asina
screw-type jack, a bearing puller or for adjustments such as some valve tappets.

3.6.1 Basic thread forms

There are four common screw thread forms. Their names relate to the shape of their particular thread
section (Figure 3.12).

1 V-thread. This is the most common, and is used for bolts, nuts and other fastenings. It is easily produced in
the workshop by using taps and dies.

2 Square thread. Rugged in design, this is used for screw jacks, vices, clamps and similar tools.

3 Acme thread. This is used particularly on lathe lead screws. The sloping sides of the thread allow the half-
nuts, which are used as a form of clutch, to be easily opened and closed on the thread.

4 Buttress thread. Where there is a thrust against the screw in one direction only , a buttress thread can be
used. Some vice threads and clamp threads are of this type

3.6.2 Thread terminology

Special terms describe the various parts of threads. These are illustrated in Figure 3.13 and explained below.

1 Thread form. The shape of the particular thread.

Crest. The top of the thread. This can be flat or round for the particular thread form.

Root. The bottom of the thread. This can also be curved or flat for a particular thread form.

Angle. The angle of a V -thread.

Major diameter . The outside diameter

Minor diameter . The smallest diameter of the bolt (measured at the root of the thread).

Pitch. The distance from a point on the crest of one thread to a corresponding point on the crest of the
next thread.

~N N B W

A number of different forms of threads have been used for bolts, nuts and similar fastenings. Many
countries developed their own thread systems, which resulted in a range of different thread forms that were
not interchangeable.

The heads of bolts and nuts also presented issues as their size was directly related to the particular thread
system. Different spanners were therefore required for use with these different systems.

T8 o
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S ——g

V-thread square thread plltf h
crest - S ;!
Acme thread buttress thread 4w major dia.
pitch dia. —— ; Hat——t:

|t — 1 — minor dia.
; |

Figure 3.12  Types of threads Figure 3.13  Parts of a screw thread
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3.6.3 C(Coarse and fine threads Table 3.1 Metric threads, international pitch showing
sizes in millimetres

The use of fine and coarse threads can vary, depending

on the required application. Coarse threads are Bolt diameter Pitch Tapping size * Spanner size
commonly used for threaded holes in castings. As 4 L 070 | 35 : 7
casting metal is brittle, it requires a larger amount 5 0.80 40 2
of metal within the thread. Fine threads are mostly 5 5 5
used for bolts and nuts where the material is 6 E Lty E KU E L
tougher. Greater strength is obtained by utilising 8 125 7.0 E 13
a greater number of fine threads. 10 1.50 85 17
Metric threads 12 12 100 v
The metric thread system is an international 12 1.75 10.0 19
standard system for V-threads that is now used on 14 P 150 12.0 21
most vehicles. Table 3.1 shows the pitch, the tapping 16 2.00 14.0 24
size gnd the spanner size for various bolt diameters. 20 D os0 | 175 5 30
All sizes are in millimetres. : : :

24 1 3.00 21.0 i 36
Unified threads ' ' '

. . . . *approximate size for workshop use
Prior to the introduction of a standard metric thread P P

system, a unified thread system was used in English-  Table 3.2 Unified threads showing threads per inch
speaking countries. Vehicles manufactured in the !

United Kingdom, North America and Australia all Bolt size (inches) Threads ?er inch
used this type of thread. } UNC } UNF
There are two types of unified thread 1/8 30 _
classifications: Unified National Coarse (UNC) 16 o »
and Unified National Fine (UNF), as shown in
Table 3.2. Originally, both the United Kingdom and /a 5 20 5 28
the USA had their own standard thread systems, 5/16 5 18 5 24
while vehicles produced in parts of Europe other 38 E 16 E 24
than the United Kingdom used metric threads. 716 14 20
American National Fine (ANF) " 13 20
Developed by the Society of Automotive Engineers 9/16 7 18
(SAE), this was originally known as the SAE thread. | |
It was later adopted as an American standard and is = 1 18
similar to the UNF system. Y4 10 16
Pipe threads 7/8 E 9 E 14
Threads on pipes are referred to as gas threads. They 1 8 12

are often tapered throughout their length. The taper
forms a seal between the pipe joints. Some plugs on
transmissions and rear axles used tapered threads.

3.6.4 Thread-pitch gauge

A thread-pitch gauge measures the pitch of threads
(Figure 3.14). It has a number of blades with teeth
that are the shape of various threads. The blades are
marked with the pitch of the thread and can be used
on external and internal threads. When the correct
blade is selected, it will fit neatly into the thread.

Handy hint: A bolt can be used in a similar

way to a thread-pitch gauge . Place the threads

together and hold them up to the light. If they

have the same pitch and thread, they should be Figure 3.14 A thread-pitch gauge has a number of
a neat fit. blades for different threads
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3.6.5 Thread repair methods

Damaged threads can be repaired using a range of different methods. The most common method is to use
a Helicol. A HeliColl is a coiled-wire type of insert that restores the threaded hole to its original size. This
method requires the worn or damaged thread to be drilled out; then, using a specialised tap, a HeliCoil is
inserted into the hole and allows the original-sized bolt to be used.

SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an
automotive service and repair context. Y  ou will be able to:

* identify workshop procedures such as cleaning, dismantling, inspecting, adjusting, measuring and
reassembling components

 apply reconditioning and repair operations that involve grinding, welding, machining and fabrication

¢ identify a range of bolts and fasteners

* maintain a productive , safe and environmentally sustainable workplace

REVIEW QUESTIONS

Outline a number of basic servicing procedures

If you were to install something, what might you be doing ~ ?
Name a range of commonly used replacement parts

What is the difference between serviceable and unserviceable ?
What are specifications and how do they apply to automotive workshop practices ?
What would you be doing if you were diagnosing something ?
If a part requires machining, what needs to be done to it?

What is a casting ?

Name some parts produced by casting.

What is an extrusion ?

What process might be used to produce a body panel?

Name three common methods of welding.

Explain the basic safety precautions required when welding.

What is a forging ?

Name some parts produced by forging.
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What systems or components might you be repairing if you were soldering ?

—
3

Outline a range of locking devices and explain where each is used.

—
(o]

What is a spline ?

What is a snap ring ?

Explain the four basic thread forms and what they refer to

What is the pitch of a thread ?

Using the appropriate table , find the pitch of the threads for a 10 mm bolt.
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CHAPTER

Tools and their uses

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

1 identify a range of automotive workshop tools and equipment

2 select and safely use those tools and that equipment
3 service , maintain and store common automotive workplace tools and equipment.

A mechanic s personal tool kit may include items such as spanners, ratchets, sock ets, screwdrivers,
pliers, hammers and punches. To ensure a safe and productive working environment, all tools and
equipment must be cared for and used correctly . Tools can be kept on tool boards or in a tool box
with trays or compartments to k  eep them sorted and ready for use

Other tools and equipment in the workshop include those used for turning, holding, bending,
hammering, cutting, forming, drilling, grinding, threading, pulling and lifting. Workshop professionalism
involves using the correct tool for the required task, carrying out the work in reasonable time and
observing good safety practices.

4.1 Tools for turning

Tools used for turning include spanners, screwdrivers and wrenches. Other specialist equipment is used for
tightening or loosening bolts, nuts and screws, or for turning other threaded parts.

4.1.1 Spanners

Many types of spanners are available: open-end, socket, ring, combination open-end and ring, adjustable
and so on. Each has its particular use.

Open-end spanners

These are the most common spanners (Figure 4.1). Their openings, or jaws, are set at an angle, allowing
the spanner to be used in a restricted space. The bolt or nut is turned as far as the space will allow and the
spanner is then turned over to permit further movement.

Handy hint:  For greater control, a spanner should be pulled rather than pushed. If a spanner has to be
pushed, do so with the open palm of the hand.
Ring and ratchet spanners

Ring spanners (Figure 4.2) have a ring at each end that fits completely around the head of the bolt or nut
being turned. Ratchet spanners (Figure 4.2) have angled teeth cut into them.
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(b)

Figure 4.1 Open-end spanners ~ SNAP-ON Figure 4.3 Combination spanners (a) open-end and ring
spanner (b) open-end and sock et spanner SNAP-ON

-

b el

double hexagonal single hexagonal
- .
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ratcheting ring spanner
g ring sp extra deep torx drive
Figure 4.2 Ring and ratchet ring/open-end spanners Figure 4.4 Socket spanners  SNAP-ON

SNAP-ON

Ring spanners can be used in restricted spaces because of the thin section of material at the ring. The
double-hexagonal ring allows a bolt or nut to be removed or installed where there is a swing of only 30°.

Combination spanners

Combination spanners can be open-end and ring or open-end and socket (see Figure 4.3). The socket or
ring end is used to loosen the bolt or nut where all-round contact is required. The open end can be used
where access is difficult above the nut or bolt.

Socket spanners

These are tubular-type spanners that fit over the nut (Figure 4.4). They are used with a detachable handle.
Most sockets are a double-hexagonal shape internally, so the bolt or nut being turned can be moved one-
twelfth of a turn at a time, if necessary. The drive-end of the handle has a square end which fits into a
square hole in the socket.
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Socket accessories

Handles and other accessories are used with socket spanners. They include ratchet handles, speed braces,
extension pieces and universal joints (Figure 4.5). The square driving end of the extension can be 6.4 mm
(¥4 inch) for small sockets and up to 25 mm (1 inch) for large sockets.

Special spanners
Some spanners, like those in Figure 4.6, are designed for special purposes. C-shape and S-shape ring
spanners can be used for manifold bolts and nuts and in other places that are hard to reach with a normal
ring spanner.

A flare-nut spanner is used on pipe fittings. The jaws are wider and stronger than an open-end spanner
and less likely to damage the fitting.

Adjustable spanners

Spanners with adjustable jaws (often referred to
as shifting spanners) are particularly useful for ’
irregular-sized bolts and nuts. They should be used ibi
for special work only and are not substitutes for all B
spanners. They must be used correctly, with the (a)

jaws adjusted firmly (Figure 4.7).

Figure 4.6  Special ring spanners  (a) flare nut

(b) C-shape (c) S-shape SNAP-ON

Right Wrong

Figure 4.5 Socket accessories (a) ratchet (b) extension
(c) break er (d) speed brace bar  (e) sliding handle
(f) universal joint SNAP-ON Figure 4.7 Use of adjustable spanner
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4.1.2 Spanner sizes

Spanners are marked with the size of the nut or head
of the bolt on which they will be used. This is the
dimension across the nut or bolt head from one flat
side to the other, sometimes referred to as across
the flats. For open-end spanners, this is the width of
the jaw opening.

Metric spanners are marked in millimetres, and a
typical set could range from 6 mm (in steps of 1, 2
or 3 mm) up to 32 mm.

Spanners for bolts with Unified Threads are
marked in fractions of an inch. (The Unified Thread
Standard (UTS) mainly applies to screw threads used
in the United States and Canada.) A set of spanners
for these bolts could range from % inch to 1 inch.

4.1.3 Torque wrenches

Torque wrenches tighten bolts and nuts to a specified
torque. Figure 4.8 shows two common varieties. The
‘click’ type (a) has a preset scale that makes a click
noise when the nut or bolt reaches the preset torque.

Torque wrench (b) has a dial gauge that reads the
torque applied as it is being turned. It can be used
for measuring bearing preload. Figure 4.8  Torque wrenches (a) click type (b) dial gauge

Some torque wrenches could have both metric ~ YP¢ (¢) usinga torque wrench to tighten a cylinder

. . bolt SNAP-ON
and imperial scales, so be careful to use the correct
one. Table A.8 in the Appendix is a conversion
table for torque.

When bolts are tightened, they are placed under
tension, the force of which is determined by the torque
applied. The tighter the bolt, the greater the tension.

Torque wrenches are used because overtightening
could cause distortion of parts, stripped threads or
broken bolts; insufficient tension could allow a bolt
or nut to become loose.

Manufacturers specify the torque for important bolts
and nuts. Using a torque wrench enables the torque to
be measured while tightening. Torque specifications
for bolts and nuts are usually stated in newton
metres (N. m) but may be in kilogram metres (kg. m).

sock et drive

degr ee plat e
Angular torque gauge

An angular torque gauge (see Figure 4.9) is used on
vital bolts such as cylinder-head bolts. It is used in  pioyre 49  Angular torque gauge and sock et
conjunction with a torque wrench. The torque wrench  drive snap-on

applies the initial torque on the bolt and then the stop

bar is engaged to stop the degree plate from turning. The pointer is then set to zero and the bolt turned through
a specified angle to reach the final torque.

4.1.4 Other wrenches
Allen keys and Torx wrenches

Figure 4.10 shows an Allen key and a Torx wrench. Allen keys fit into the hexagonal recess in the head of
special bolts and screws. Large Allen keys are referred to as ‘Allen wrenches’.
Torx wrenches are similar but have flutes that fit into a recess in the head of Torx screws and bolts.
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Both Torx and Allen bolts are used on engine parts. Allen and Torx tool sizes are now widely available
as sockets in varying drive applications (Figure 4.11).

Pipe wrenches

These have an adjustable jaw to enable the wrench to fit a range of sizes of pipes or tubes. The hardened
jaws are serrated to enable them to grip the pipe, but the serrations can mark and damage the surface of the
pipe if the wrench is not used carefully. Figure 4.12 shows this type of wrench.

Strap wrench

Damage to components can be avoided by using a strap wrench (Figures 4.12 and 4.13). It has a soft,
urethane-coated nylon strap that can be adjusted
from 25 mm to 250 mm. A strap wrench can be
used in various applications such as the removal of
oil or fuel filters and other irregular-shaped objects.

pipe wr ench

strap wr ench

Torx wrench

Figure 4.12  Pipe and strap wrenches ~ SNAP-ON

Figure 4.10  Allen key and T orx wrench SNAP-ON

Figure 4.11  Torx bits and sock ets AFRANK99 SHARED
UNDER CC BY-SA 3.0 Figure 4.13  Strap filter wrench
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Figure 4.14  Large swivel grip oil filter wrench

O1l filter wrenches

Oil filters are often in difficult-to-reach places that
make the use of a strap-type wrench unfeasible. In
these situations, a more compact and versatile 3-jaw-
style wrench can be used (Figure 4.15a). Some oil
filter wrenches (as shown in Figure 4.15b) are made
specifically to suit a certain vehicle or application.

4.1.5 Screwdrivers
Screwdrivers are identified by the length of their
shank or shaft and the shape of their drive. The
screwdriver in Figure 4.16(a) is a flat-tip, general-
purpose screwdriver with a 150-mm shaft to fit
single-slot screws. Figure 4.16(b) has a Phillips
tip for use on cross-slot screws. The screwdriver in  Figure 4.15  3-jaw oil filters
Figure 4.16(c) has a POZIDRIV tip (this resembles
a Phillips tip but has a different taper). The two types are not interchangeable as Phillips tips tend to ride out
of POZIDRIV screws, causing damage.

There are also specialist screwdrivers for electrical, electronic and instrument use. Figure 4.16(d) shows a
screwdriver with an insulated shank for electrical use. Screwdriver sets with interchangeable tips have a
number of tip types and sizes that can be used with the one handle (Figure 4.16(e)).

(b)

Care of screwdrivers

The tip of a screwdriver for slotted screws must be correctly shaped, with the sides almost parallel
(Figure 4.17). If the sides are tapered, the tip will be forced out of the slot as it is being turned, causing
damage to the slot and making the screw difficult to tighten or remove.

The blade of a damaged screwdriver can be put back into shape using a grinding wheel.

Handy hint:  Select a screwdriver that fits snugly into the screw head. One that is too large or too small
will be difficult to use and will damage the screw slot.

Impact screwdrivers

Impact screwdrivers are used to loosen screws that cannot be removed by a conventional screwdriver (see
Figure 4.18). When struck by a hammer, the impact driver supplies a strong downward twisting and turning
force that rotates the tip of the impact driver. If required, the direction of the impact driver can be reversed;
this tightens screws to a greater torque than a screwdriver.
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(@)

(b)

fi

Figure 4.16  Screwdrivers (a) flat tip (b) Phillips
(c) POZIDRIV(A) electrical (e) ratchet set SNAP-ON

(a) (b)

Figure 4.17  Screwdriver blades (a) correctly ground
(b) badly ground

Figure 4.18  Impact screwdriver set

4.2 Tools for holding and gripping

In many workshop jobs, one part of a component
has to be held while working on another part.
Various tools can be used for this, including pliers,
clamps, vices and fixtures.

1 Pliers. Pliers, shown in Figure 4. 19, are designed for various purposes—to hold, cut, bend and so on. They
should not be used on the heads of bolts or nuts because this will cause damage and spanners will no

longer fit.

2 Circlip pliers. These special pliers (Figure 4.20) remove and replace circlips or snap rings. Circlips
(or snap rings) fit into grooves in shafts or housings. External circlip pliers expand the circlip for
removal from a shaft, while internal pliers contract the circlip for removal from a groove in the bore of

a housing.

3 Vice-grip pliers. These pliers (Figure 4.21) have a double-lever action that gives the jaws a very tight grip
The size of the jaw opening can be adjusted with a knurled screw on the end of the handle

4.2.1 Clamps

Clamps are used for holding parts together while they are being assembled, drilled or welded. For example,
two pieces of steel that are to be drilled and bolted together would be clamped together during the drilling
operations to ensure that the holes in both pieces are in correct alignment. There are many different designs

of clamps, some of which are shown in Figure 4.22.

4.3 Tools for hammering and driving

These include hammers and tools such as punches and chisels that are used in conjunction with them.
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(a) (b)

(© (d)
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(b)

Figure 4.19  Various pliers for gripping and cutting
(a) multi-grip (b) slip joint (c) long-nose (d) bent-nose
(e) combination (f) diagonal-cutting (g)

end-cutting SNAP-ON

Figure 4.21  Types of vice-grip pliers (a) standard grip
(b) long-nose  SNAP-ON

e =

(b)

(©) (d)

internal  external

Figure 4.20  Circlip pliers (a) straight (b) curved external
(c) curved internal (d) kit with replaceable tips ~ SNAP-ON

Figure 4.22  Clamps (a) G-clamp (b) pipe clamp
(c) welding clamp (d) sheet metal clamp ~ SNAP-ON
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4.3.1 Hammers

Hammers should be gripped at the end of the handle,
not near the head. The face of a hammer should
strike the object squarely, as in Figure 4.23.

All hammers must be used with care. Careless use
of a steel hammer will bruise or injure the surface
being hammered, and large hammers can cause
considerable damage.

Some types of hammers are shown in Figure 4.24.
These include:

1 Ballpein hammer . This is the type most commonly Figure 4.23
used in workshops. The flat face of the hammer is 2 hammer
used for striking punches and chisels and also for
general work. The ballpein is round and is used
for riveting.

2 Crosspein hammer . This has a wedge-shaped pein
instead of a ball. It is useful for work in corners that
would not be accessible with a ballpein.

3 Panel hammer or panel beater . This is a specially
shaped hammer that is used with a dolly for
beating out damaged body panels.

4 Bronze-tip hammer . This strikes metal
components that may be damaged using
hardened hammers.

The wrong and right ways to grip and use

Handy hint:  The faces or heads of soft
hammers can be made of rubber , plastic, lead,
brass or copper

Another type of hammer is the soft-head hammer.
This is used for striking surfaces that can be easily (d)
damaged or marked. When reassembling parts, a
soft-faced hammer is sometimes used (Figure 4.25).

Safety: The use of personal protective
equipment (PPE) should always be considered
when using a hammer and punch: safety

glasses to prevent debris from injuring eyes;
gloves to protect hands from hammer strik es;
and ear plugs to prevent hearing damage

4.3.2 Punches

Various punches are used to drive out rivets or pins,
align parts for assembly and mark locations of holes
to be drilled. These are shown in Figure 4.26.

Figure 4.24  Various types of hammers (a) ballpein
(b) crosspein (c) bronze-tip (d) panel beater  SNAP-ON

-

1 Centre punches. These mark a hole location prior rubber hammer

to drilling, with the punch mark starting the drill in
the right place . With no punch mark, the point of
the drill will wander over the surface of the work
and could start drilling in the wrong place
Centre punches are also used for marking parts

before they are dismantled. A light punch mark on
mating parts enables them to be reassembled in
the original position.

2 Starting and pin punches.  Starting punches are
tapered and are used to start a pin from a hole
Once the pin has been started, a pin punch is Figure 425 Hammers with rubber and plastic
then used to drive it from the hole . heads SNAP-ON

plastic tip hammer
with replaceable tips
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The shank of a pin punch is either hexagonal
or round, and the end parallel. For automotive
work, pin punches range from about 3 mm to
12 mm in diameter . Starting punches are used
because they are less likely to bend than long pin
punches.

3 Drifts. Drifts are larger-sized punches that remove
shafts. These are made by cutting a length of
about 150 mm to 200 mm from a piece of round
stock. This could be mild steel, brass, copper or
aluminium as softer materials prevent damage
to the end of the shaft that is being removed or
replaced.

4.4 Tools for cutting and forming ' pin punches

Tools under this heading include hacksaws, chisels,
files, drills and tinsnips. There are also air, battery  Figure 426 A centre , drift and pin punch set
and electric-powered tools that are used for cutting

and forming.

4.4.1 Hacksaws

Hacksaws cut metals. Two types are shown in
Figure 4.27. They have replaceable blades and a
frame that is adjustable for various blade lengths.
Blades are made with different numbers of teeth 5.
(see Figure 4.28). Using a blade with the wrong T
number of teeth will not only make the job more hacksaw
difficult but will damage the teeth or break the blade.
The blade should be placed in the hacksaw frame
and tightened to the correct tension. Insufficient ‘ . ‘w‘p,\\‘sf\\\f‘ =
tension will cause the blade to bend and break. | -

s, e
e

Handy hint:  The teeth of the blade should — o
point away from the handle so that they will C g pad saw
cut when the hacksaw is pushed forward.

Cutting Figure 4.27 Hacksaws SNAP-ON

A hacksaw should be used at around 60 cutting
strokes per minute and the full length of the blade
should be used wherever possible. On the forward or cutting stroke, move the hacksaw evenly and with
even pressure. Lift the blade very slightly on the return stroke to avoid wear on the back of the teeth. Do not
twist or bend the blade when cutting as this could cause it to break.

Figure 4.28 shows blades with the correct and incorrect pitch for different types of work. The teeth
should be flat across the work. A blade with the correct number of teeth will provide chip clearance.

A general rule is that two or more teeth should always be in contact with the work. If a coarse blade
is used on a thin section, the teeth will straddle the work, making cutting difficult and causing the teeth
to break.

4.4.2 Cold chisels

Cold chisels are made in different shapes, the flat chisel being the most common. The other chisels shown
in Figure 4.29 are for special purposes, such as cutting grooves and chipping in corners or other inaccessible
places. A flat chisel can be used to cut off the heads of rivets or rusted bolts by holding it at a suitable angle
to start the cut under the head to be removed.



Correct pitch

=N

plenty of chip
clearance

-

plenty of chip
clearance

two or more teeth
on section

A~ 4

two or more teeth
on section

Incorrect pitc h

3

& W

fine pitch; no chip
clearance; teeth clogge d

LB

fine pitch; no chip
clearance; teeth clogge d

coarse pitc h

straddles work,
stripping teeth

- T .

coarse pitc h
straddles work

Figure 4.28 Hacksaw blades for various cutting jobs —
blades with the correct tooth pitch are on the left and
those with incorrect tooth pitch are on the right

half-round nose

cross-cut diamond

Types of cold chisels

Figure 4.29  Chisel and punch set

SNAP-ON
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To cut thin steel plate up to about 4 mm thick,
the plate is gripped vertically in the jaws of a vice
and the chisel held at about 30° to the horizontal.
The cutting point should rest on the vice jaws
at an angle of about 45° to the work. The cut is
commenced from the edge of the work, and the
chisel moved along the vice jaws as the metal is
sheared through.

Care of chisels

The end of a chisel has a long taper and its point is
sharpened by grinding it. The head is dressed to a
slight taper.

A chisel that has mushroomed because of repeated
hammer blows should be dressed on a grinding wheel
to remove the turned-over metal (Figure 4.30).

4.4.3 Wad punches

These are hollow punches used for cutting holes in
gasket materials and thin metal such as shim brass
or shim steel. To cut a clean hole, the material is
placed on a piece of wood or block of lead and the
punch hit sharply with a hammer. Wad punches
come in a range of sizes for various diameters of
holes.

4.4.4 Files

A typical file with the various parts named is shown
in Figure 4.31. Files are cutting tools with a large
number of cutting teeth.

The term cut refers to the cuts that have been
made across the face of the file to form the file teeth.
When the cuts are relatively far apart, the file is
termed a ‘rough’ or ‘coarse’ file. When they are
close together, the file is called a smooth file. The
coarser the file, the more metal it will remove with
each stroke.

Figure 4.32 illustrates four different file cuts.
When only one series of cuts is made across the face
of the file, it is known as a single-cut file. When the
file has two series of cuts across its face, it is known
as a double-cut file (Figure 4.33).

® [ C ]

Figure 4.30 Cold chisels (a) chisel requiring grinding
(b) chisel after grinding
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Single-cut
handle \
tang —
4 heel s
Double-cut
Figure 4.32  Types of file cuts
face
single-cut file
edge
tip
Figure 431 A typical file SNAP-ON Figure 4.33  Single-cut and double-cut files

Files are also classified according to their shape. They may be flat, triangular, square, half-round or
round. They can be either parallel or tapered from the heel to the tip.

Safety: The handle on the file should always be securely fastened to the tang (the main part of the file
body). Never use a file that does not have a handle fitted.

4.5 Tools for drilling

Drills are used to make holes in all types of material. They are used with portable electric drills or bench-
mounted drilling machines. The most common type is the twist drill. Reamers are used to finish holes to
size after they have been drilled.

Safety: The use of personal protective equipment should always be considered when using tools
associated with drilling. Ensure that safety glasses are worn to prevent debris from injuring eyes and
that any loose clothing or hair is restrained.

4.5.1 Dirilling machines

Bench drills have a cast-iron base that is bolted to the bench top (see Figure 4.34). A vertical column
supports the electric motor and drill head at the top of the machine. The column has an adjustable work
table, which can be moved up and down the column to suit various work heights.

The drilling speed can be adjusted by selecting different gears or, in some cases, by changing the drive
belt on stepped pulleys. The feed is applied with a hand lever.
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4.6 Tools for removing studs and
broken bolts

Screw extractors remove bolts that are broken below
the surface (Figure 4.35 (a)).

The first step in using an extractor is to centre-
punch the end of the bolt and then drill a hole of the
correct size for the extractor. The hole must be as
close to the centre of the bolt as possible.

The extractor is tapered and has spiral flutes with
sharp edges that form a coarse left-hand thread. It can
be turned with a tap wrench or spanner, as shown.

4.6.1 Broken bolt removal

When the extractor is placed in the drilled hole in
the broken bolt and turned, it screws itself down
into the hole. The sharp edges of the flutes bite into
the bolt so that it can be turned with the extractor
and screwed out of its threaded hole.

Other methods that can be used are shown in
Figure 4.35 (b). If part of the bolt is above the surface
and the thread is free, it might be possible to turn
it with a pair of pliers. Flats can be filed so that it
can be turned with a spanner, or a slot cut with a

hacksaw so that a screwdriver can be used.
l Depending on the location, and if the break is flush
/ with the surface, a spot-welded washer or nut could
S be used. If the bolt is large enough, it can be tapped on
@—‘ alternate sides with a hammer and a sharp punch. Tap
welded washer ~ welded nut on one side and then the other until the bolt loosens.

Figure 4.34  Bench drill and vice SHUTTERSTOCK

»

thread inserts can be fitted to restore the
threaded hole

=

@ Handy hint: Where the thread is damaged,

slot flats 4.6.2 Stud removal

@ (b) In situations where a stud has broken off and left
part of the shank or thread above the mounting
Figure 4.35 Removing a brok en bolt (a) with an surface, a stud remover (or extractor) can be used
extractor (b) other workshop methods (see Figure 4.36). This is a tool that has an off-

centered, knurled wheel and two holes ranging from
approximately 12 mm to 19 mm in diameter. Selecting the most appropriate hole in the tool, the stud
remover is placed over the broken stud. When turned, the stud extractor grips tightly against the broken
stud, causing it to undo. A Y2 inch drive ratchet or breaker bar is used to turn the stud extractor.

4.7 Tools and materials for grinding

Grinding wheels mounted on bench or pedestal grinders are used for general grinding jobs and for sharpening
drills, punches and chisels. When fitted with a wire-wheel brush, a grinder can be used for cleaning.

Abrasive stones, or oilstones, are used for honing, sharpening and smoothing. Abrasive-coated discs and
sheets are used during automotive body and paint repair work.

4.7.1 Grinding wheels

Grinding wheels come in a wide range of shapes and sizes including plain, bevel and cupped. Plain wheels
are used on bench and pedestal grinders. Grinding is performed on the edge of the wheel. Cupped wheels
are cupped to provide a grinding face on the side of the wheel.
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In addition to the size and shape, grinding wheels
are classed as either fine, medium or coarse and are
selected to meet specific requirements.

Handy hint: A soft-grade wheel will wear away
more quickly than a hard one  , but will not clog
as easily .

4.7.2 Replacing a grinding wheel

When a new wheel is to be fitted to a grinder, it
must be specifically designed for the machine being
used. Check to see whether any printed markings
are visible on the old wheel that can be used for
identification.

Before mounting a new grinding wheel, inspect
all components for cracks. This includes the drive
spindle on the grinder, locking washers, retaining
nut and the new grinding wheel.

Clean the mounting spindle and flanges so that
the wheel fits easily. Fit a clean blotter disc on each
side between the wheel and the flanges.

Tighten the nut to hold the wheel firmly, then replace guards and adjust the work rests so that they are
close to the wheel. Start the wheel, allow it to reach its full speed and run it for a minute or two. Stop the
wheel and reinspect before using it.

Figure 4.36  Stud extractor tool  (KINCROME)

4.7.3 Using a bench grinder

To grind a small tool, such as a punch, chisel or screwdriver, it is held against the edge of the wheel. The
correct and incorrect methods are shown in Figures 4.37. The grinder should have clear shields to help
protect the user from sparks or debris. Safety glasses should always be worn while grinding.

The tool should be supported on the tool rest with the point upwards against the edge of the wheel
and should be moved slowly across the wheel, using its full width. Flat articles are held flat on the
tool rest.

When grinding, do not apply too much pressure to the work, or hold the tool against the wheel too
long without cooling it in water. Grinding generates heat, and this will quickly affect the temper of
small tools.

Handy hint:  Overheating will be shown by discolouration of the metal being ground, particularly the
points of drills and the ends of punches and screwdrivers.

Figure 4.37  Grinding a tool (a) correct method of holding the tool against the wheel (b) incorrect method that could
jam the tool between the rest and the wheel



4.7.4 Safety with grinders

Observe the following safety rules:

1 Inspect the equipment to ensure that it is in safe
operating order .
2 Check that it has been correctly tested and
tagged for electrical compliance
3 Wear safety glasses or a shield.
Adjust the safety shields on the machine
5 Check that the work rest is correctly adjusted
close to the wheel.
6 Keep the wheel nuts tight.
7 Look closely for wheel damage
8 Allow the wheel to reach full speed
before use .
9 Stand to the side of the wheel if possible
10 Do not overload the wheel by using ex  cessive
force on the work.
11 Hold small objects with pliers, not with hands.
12 For heavy grinding, wear leather gloves.

Grinding wheels can be dressed when the grinding
edge becomes worn or grooved. A special wheel-
dressing tool is used across the wheel edge.

4.8 Tools for pulling and pushing

Many parts, such as ballraces, collars and gears, are
a tight fit on their shafts. Force is needed to remove
and replace them, using pullers and presses.

4.8.1 Pullers

Figure 4.38 shows three types of pullers. The large
puller in Figure 4.38 (a) is arranged as an external
puller; that is, the legs or claws fit over the outside of
the part being pulled. The puller in Figure 4.38 (b)
is of similar design, but with three legs. The puller
in Figure 4.38 (¢) is a small, universal type. The legs
of most pullers of these designs can be reversed so
that the claws on their ends can be used internally
as well as externally.

4.8.2 Presses

Mechanical presses, or arbor presses, are often used
instead of a puller where the component is removed
from the vehicle. Hydraulic presses are also used
(Figure 4.39). These can apply much greater force
than a mechanical press or puller.

To remove a bearing from a shaft by means of
a press, the bearing must be suitably supported on
the bed of the press so that it will not be damaged.
Force is then applied to the end of the shaft by the
ram of the press so the shaft can be pressed from
the bearing.

Larger presses have a bed that can be raised or
lowered to accommodate articles of different sizes.

Charter 4 Tools and their uses
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©

Figure 4.38  Three types of pullers =~ SHUTTERSTOCK
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When removing or installing a bearing on a shaft

using a puller or press, be careful that the force does pressure gauge

note: use a suitable

not damage the bearing or shaft. shield or guard (do not ex ceed limit)
. . «

4.8.3 Hydraulic bearing puller —% operating hand] ¢
Hydraulic power tools are particularly useful for ° = J
pressing bearings and collars on or off a shaft. The I~ o i oil tank
multiplication of power that is produced by a I L: I cable drum handle
hydraulic tool means they can provide a great deal of keep ram lengt h
force. Figure 4.40 shows a portable hydraulic bearing as short as possible
puller for general workshop use. The larger centre : = ‘ release load fro m
screw thread is filled with oil. The smaller screw, o = -—’:ﬂ\gl);lfe :djustlng
when turned, acts like a hydraulic press and forces ‘ = L . support work
a piston out at the opposite end with increased force. ‘ i firmly and squarely

. ‘ : 11 tabl rt
4.8.4 Slide hammer : ‘ bars propetly.

A slide hammer is used where an object cannot be . located

st.ruck by a conventional hammef and punch. The Ne= firmly bolted
slide hammer has a long shaft, weighted handle and : to floor

is attached to the object needing to be pulled by
screws, a thread or hooks. The user quickly moves
the Welghteq handle toyvards Fhe end of the slide Figure 4.39  Working with a hydraulic press—a suitable
hammer which transmits an impact, causing the  guard or shield must be used

component to be pulled outwards.

4.9 Portable power tools

A wide variety of power tools are available. They can
be pneumatic (using compressed air), electric (mains
voltage or battery operated) or hydraulic. Selection
of the most suitable power tool will depend on a
number of factors such as available power, amount
of force required and safety issues.

4.9.1 Compressed air tools

Air-operated tools eliminate the possibility of an
electric shock or sparks. Depending on the design and
purpose of the particular air tool, they are capable of
producing high torque or speed. Figure 4.41 shows
several air-operated tools. They require a constant  Figure 4.40  Hydraulic puller removing a bearing
supply of clean, filtered air at a regulated pressure.
Variations in this pressure will result in variations in torque and speed.

Figure 4.42 shows a set of torsion bars that can be used with air tools to prevent over-tightening of the
wheel nuts, studs, brake rotors and calipers. The torsion bars are colour coded for different-sized wheel
nuts. The torque bar stops turning when the correct torque is reached.

Ar tool maintenance

Air tools require special lubricants to maintain efficiency and long life. The lubrication can be added to the air
supply line and automatically metered to the tool or added manually through the air inlet of the tool when required.

Safety: Be careful with the use of air supply lines as they can pose a trip hazard. Also , air tools are
noisy so suitable hearing protection should be worn.

4.9.2 Electric power tools

Electric power tools are available with 240 volts mains supply or a low-voltage battery. Some can provide
variable speed in both forward and reverse. A fast speed is usually selected for small drill sizes and a slower
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Figure 4.41  Portable air-operated power tools  (a) air drill Figure 4.42 Torsion bar kit SNAP-ON
(b) air impact wrench (c) gask et sander (d) air ratchet

speed for larger sizes. Mains supply electrical tools have more power and torque than battery-powered tools
and do not require recharging. Battery-powered tools can handle many jobs and have the advantage of
being able to be used anywhere in the workshop without electrical leads or air lines.

Figure 4.43 shows different types of portable electric power tools.

Electric power tools should be maintained in good condition and used correctly. To ensure safety, each
240 V electric tool should be fitted with a tag that identifies that it has been tested, along with information
about who tested it, the test date and when the next test is due. Any tool that is found to be faulty should be
‘tagged out’ by using a specified warning sign attached in a visible location on the tool.

4.10 Special service tools

Each workshop manual provides information on special tools designed for servicing particular parts of
the vehicle. Many of the tools are essential, while others make it easier to do certain jobs. In some
instances, a universal puller or other general item
of workshop equipment can be used as a substitute
for a special tool.

Special tools can include pullers, drivers,
installers, guides, gauges, adaptors, adjusters and
spring compressors. These tools are designed for
use on parts of the engine, transmission, suspension,
steering, brakes and many other components. Some
examples are shown in Figure 4.44.

4.11 Jacks and lifts

Vehicles have specified jacking points so they can
be easily lifted and supported. The locations of
these jacking points vary with different models of
vehicles but, in general, they are those parts of the
body and suspension which are strong enough to
support the weight of the vehicle without causing
damage. © (d)
Jacking and lifting includes using workshop floor Figure 443 Portable electric power tools  (a) 240 V

jacks, stands to support the vehicle and raising the  grill (b) 240 V angle grinder (c) 240 V drill with handle
vehicle on a hoist. (d) 18 V impact wrench  MAKIA




62 Part | Introduction to motor vehicles

ball joint remove r coil spring compressor bush driver

guide

steering-wheel bearing
puller installer

Figure 4.44  Examples of special tools

Examples of the use of jacks and hoists are included in the following sections, and can be used as a general
guide. However, for particular vehicles, manufacturers’ recommendations should always be followed.

4.11.1 Workshop floor jacks

A workshop jack can be used under sill panels at the same points as a vehicle jack, providing a suitable
pad is placed between the top of the jack and the sill to prevent damage to the paint and crushing the panel.

The use of a workshop floor jack and safety stands is illustrated in Figures 4.45 and 4.46. If the complete
vehicle is to be raised, then the rear of the vehicle should be raised and supported before the front is raised.

Figure 4.45  Jacking and support location (front)

Figure 4.46  Jacking and supporting location (rear)
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1 Figure 4.45 shows the jack located at the centre of the front crossmember and being used to raise the
front of the vehicle . The suspension lower control arms are not used as a jacking point. When the vehicle is
raised, the safety stands are placed under the body subframe
2 Figure 4.46 shows the rear of the vehicle being raised, with the workshop jack located at the centre of the
rear crossmember . The rear of the raised vehicle is being supported by safety stands located under the
body subframe .

c Safety: Suspension components are not suitable for use as jacking points.
The jacking point for a rigid rear axle is shown in Figure 4.47. The jack is located under the centre of the

rear-axle housing and is being used to raise both rear wheels. When raised, the vehicle can be supported by
stands placed under each side of the axle housing.

Figure 4.47 A workshop jack located under a rear-axle housing SHUTTERSTOCK

Safety stands

Jacks are used to raise the vehicle. Safety stands should then be placed under the vehicle in suitable
locations, as shown in Figures 4.45 and 4.46, and used to support the vehicle.

Safety: Using safety stands is a basic safety requirement when working on a raised vehicle . Always ensure
that the jack stands are placed in the correct position and will safely support the weight of the vehicle.

4.11.2 Arr jacks

Air jacks are a fast and easy lifting tool (see Figure 4.48). They reduce manual handling issues and come in
a variety of shapes, sizes and lifting capacities. Another benefit of the air jack is that it is thin so it can fit
under a very low vehicle. A constant supply of compressed air is required to operate this jack and, as with
any lifting device, a jack stand must be used to support the weight of the vehicle.

4.11.3 Hoisting
A number of different types of hoists are used for lifting vehicles. A hoist can be designed with two side
rails, platforms, arms or columns. The design of
hoists can vary.

Single post hoist

These types of hoists are capable of lifting cars.
However, they are mainly used to lift small-engine
vehicles such as ride-on mowers, golf buggies and
four-wheel motorbikes. Figure 4.48  Air jack
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Figure 4.51 Pad of a hoist arm on sill panel =~ SHUTTERSTOCK

Figure 4.49  2-post hoist

/ . _J
Figure 4.50  Locating pads for vehicle with a chassis Figure 4.52  The pads of a 2-post hoist located at the
jacking points (viewed from underneath) ~ SHUTTERSTOCK

2-post hoists

2-post hoists are designed to maximise workshop space and give easy vehicle access (Figure 4.49). They
provide a versatile area in which a technician can work as all aspects of the vehicle are exposed when it is
in the raised position.

When using a 2-post hoist, the lifting locations are basically the same as those used for jacking and
supporting a vehicle. Vehicles with rigid axles at either front or rear can be supported by the hoist pads under
the axle housings (Figure 4.50) or on the chassis rails (where fitted). Where the vehicle has coil springs and
control arms at the front, the vehicle could be supported by the hoist pads at the outer ends of the control arms.

Passenger cars with independent suspension can be supported at four locations under the sill panels. An
example of this is shown in Figure 4.51, where the pad on the arm of a hoist is located under the rear of a
sill panel.
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if

Figure 4.53  4-post hoist Figure 4.54  Example of a workshop crane , load-leveller,
correct lifting chains and shackles

With a 2-post hoist lift, the pads would be located in a similar manner at the front of the sill panels and
also at their rear (Figure 4.52).

4-post hoists

Figure 4.53 shows a 4-post hoist. These are suitable for a wide range of vehicles as they include a ramp and
platform onto which the vehicle drives. Once raised, the wheels remain on the platform; however, some
4-post hoists provide a feature including an air-jacking beam which raises the vehicle off the platform so
the wheels are free for servicing requirements.

Mobile column hoist

Mobile column hoists are heavy-duty-style hoists that are used to lift trucks, buses and even rail equipment.
In order to safely lift a truck or a bus, a number of these hoists are required as they are placed individually
under the vehicle’s wheels. These hoists are portable and can be set up to lift a range of different vehicles
with various axle configurations and weights.

4.11.4 Workshop cranes

Heavy components can be lifted with a portable crane (see Figure 4.54). This is a device equipped with an
extendable boom which is adjusted according to the weight to be lifted. For example, if the boom is fully
extended, this will reduce the weight that can be safely lifted. When the boom is fully retracted, it will be
able to lift the maximum capacity of the crane. Workshop cranes are very versatile and are particularly
useful for heavy components such as engines and gearboxes.

Safety: Always ensure when using a workshop crane that any lifting chains, straps, shackles or
load-levellers are in good operating condition and are correctly load-rated to suit the required task.

SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an
automotive service and repair context. Y  ou will be able to:

» selectand use the appropriate tools, equipment and personal protective equipment (PPE)
for workshop tasks

e apply pre-operational checks on all tools and equipment

« identify basic faults on a range of tools and equipment

 apply procedures for removing, tagging and reporting faulty equipment

e demonstrate basic repairs on equipment

* demonstrate the safe use of  tools and equipment

* maintain and store tools and equipment in a clean and tidy manner
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REVIEW QUESTIONS
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Name the sizes of some common spanners or wrenches.

What is an Allen key?

For what purpose is a torque wrench used?

Explain why a torque wrench has graduations on the main scale

Explain how to correctly use an angular torque wrench.

Explain why it is vital to maintain a screwdriver tip correctly

How would you select the correct screwdriver for the job ?

Name three types of pliers and identify the correct use for each one

Name other tools that are used for holding or gripping.

Where are circlip pliers used?

Name the various types of hammers.

What is a drift?

What are some of the common tools used for cutting and forming metals ?
For what purposes can a centre punch be used?

If you were using a T orx sock et, what tasks might you be performing ~ ?
What are soft jaws ?

How can you identify a single-cut file ?

Explain the correct procedure for refitting a blade in a hacksaw

Why do hacksaw blades have different numbers of teeth ?

Name the tools that can be used to remove brok en studs.

Identify the benefits of using air tools as opposed to 240V electric tools.

For what purposes are jack stands used?

When using jack stands on a vehicle , identify where they should not be placed. Justify your answers.
Explain the benefits associated with using a 2-post hoist.

What are the k ey safety aspects to consider when using a floor jack to raise a vehicle ?
Explain the benefits associated with using an air jack.

Identify the correct procedures for using a bench grinder



CHAPTER

Measuring and checking

LEARNING OBJECTIVES

On completing this chapter ., you will be able to:

1 select and use a range of measuring equipment
2 maintain, service and store measuring equipment.

Some of the components in a vehicle need to be measured and check ed to ensure that they
are still serviceable . Measuring and checking are important procedures that must be performed
accurately , and at regular intervals, according to the specifications set down in the workshop

manual. This ensures the safe and continued operatio n of the vehicle .

The specifications provide information about the type, size, capacity and dimensions of each
component, and specify the clearance or setting of an adjustment. W ear limits, that indicate when
a component must be replaced, are also provided in th e workshop manual.

5.1 Measuring instruments

The complexity of systems in the automotive industry results in the use of a wide range of measuring
instruments. Some are relatively simple and, when used correctly, provide accurate measurements and
results. However, in situations where accuracy is critical, precision instruments are used. These require a
greater level of understanding of their use. The following describes a range of common measuring tools.

5.1.1 Steel rule

This is the basic measuring instrument. It is used for general measurements where great accuracy is not
required. Steel rules are usually 150 mm or 300 mm long, and are graduated in millimetres and half-millimetres.
When turned on its edge, a steel rule can be used as a straightedge to check the flatness of a surface.

5.1.2 Feeler gauges

Feeler gauges are strips or blades of hardened steel that are fabricated to an accurate thickness. They are used to
measure small clearances such as bearing clearances, valve clearances (Figure 5.1), piston ring and spark plug
gaps. With the correct clearance, the feeler gauge should slide between the two parts with a slight resistance.

For ease of selection, feeler gauge blades are grouped together in order of size. The thickness of each
blade is marked in millimetres, although some feeler gauges also include imperial measuring units. The
blades can be used individually, but for larger measurements two or more can be used together.

Handy hint:  To ensure that feeler gauges do not rust, they should be wiped clean with a rust
preventative before storing.
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When used with a steel rule as a straightedge,
feeler gauges can be used to check that a component
such as a cylinder head is not warped or that
an oil pump gear has the correct end clearance
(see Figure 5.14).

5.2 Micrometers

Micrometers are precision-measuring instruments that
are designed to take extremely accurate measurements
(down to one-hundredth of a millimetre, or 0.01 mm).

There are a number of different types of
micrometers. The selection of the appropriate one
will depend on the component being measured. The
automotive service and repair industry generally uses
the outside micrometer (for external measurements)
and the inside micrometer (for internal measurements).
Where more specialised measurements are required, a nut
range of specialised micrometers can be used.

Figure 5.1 Checking valve clearance with a feeler
gauge SHUTTERSTOCK

Handy hint: Micrometers are precision
instruments. They must be treated properly
to maintain their accuracy and to prevent
them from being damaged.

spindle ratchet

5.2.1 Outside micrometers thimble

Figure 5.2 shows the construction of an outside
micrometer. It is a screw-type instrument consisting  frame
of a frame with an anvil and a threaded sleeve which
carries the spindle. Turning the knurled part of the
thimble screws the spindle towards or away from  Figure 5.2 Parts of an outside micrometer
the anvil.

The correct use of an outside micrometer requires a number of steps:

1 Check for zero error (see ¢ Accuracy and care of micrometers ).

2 Support the component to be measured

3 Hold the micrometer by the heat-resistant pad located on the frame

4 Ensure that the micrometer is held squarely against the component.

5 Using the knurled cap on the end of the thimble , rotate the thimble in the desired direction.

6 When the spindle is in close contact with the component being measured, stop turning the thimble

7 Turn the ratchet until the spindle and anvil are lightly in contact with the object being measured.

8 Read the measurement from the scales mark ed on the sleeve and the thimble (see ‘R eading micrometers ).

Sizes of outside micrometers

Outside micrometers are available in a variety of sizes. Three examples are shown in Figure 5.3. They are
identified by their range of measurement. For example, Figure 5.3(a) is a standard 0-25 mm micrometer,
Figure 5.3(b) is a 25-50 mm micrometer and is shown with the C spanner and setting bar that are required
to check the device for accuracy. Figure 5.3(c) is an adjustable micrometer. It has four replaceable anvils,
enabling it to measure a wide range of dimensions. Whenever the anvils are changed, the micrometer must
be calibrated using setting bars for accuracy.

% Handy hint: ~ Setting bars are gauges that have been made to an accurate length.

5.2.2 FElectronic digital micrometers

Most measurement instruments are available with electronic LED displays similar to the one in Figure 5.4.
More accurate than standard micrometers, they can be calibrated to read metric or imperial dimensions.
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Figure 5.3 Three sizes of micrometers  (a) 0-25 mm (b) 25-50 mm (c¢) 25-100 mm  JUST TOOLS

Measurements are taken using the same method
as for the outside micrometer. The micrometer is
set to zero by a simple press of a button each time
it is used.

5.3 Accuracy and care of micrometers

An outside micrometer must be checked for accuracy
before use by testing for zero error. If the micrometer ~ Figure 5.4 Electronic digital micrometer with LED display
is not calibrated to zero prior to use, it will not provide 0 metric or imperial graduations  SNAP-ON

an accurate measurement. The most common method

of doing this is:

1 Hold the micrometer by the heat-resistant pad on the frame

2 Clean the anvil and spindle surfaces with a soft cloth.

3 Using the knurled cap on the end of the thimble , rotate the thimble so the spindle moves towards the anvil.
If calibrating a micrometer with a range of 25 mm and above, place the setting bar in between the anvil and
spindle at this point.

When the spindle is in close contact with the component being measured, stop turning the thimble

Turn the ratchet until the spindle and anvil are lightly in contact.

With the anvil and spindle closed, the 0 reading on the sleeve should align with the 0 reading on the thimble

If the 0 readings do not align between the spindle and thimble , use the adjusting spanner to rotate the

sleeve so that the 0 on the datum line aligns with the 0 on the thimble

~N N L B

Micrometers should be handled carefully and stored correctly to preserve their accuracy. They should be
kept clean and not be overtightened or strained.

Handy hint:  Outside micrometers should always be left with a gap between the spindle and the anvil
when not in use
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Proper care of a micrometer ensures accurate measurements. This includes the following:

1 Clean the micrometer before and after use
2 Do not touch the measuring surfaces.
3 Store the micrometer properly
4 Never use a micrometer as a clamp or tighten the measuring surfaces too tightly around the object
being measured.
5 Do not drop the tool.
6 Always check the calibration before use

Handy hint:  If a micrometer (or any type of measuring equipment) is found to be faulty , it should be
removed from service immediately and tagged for repair

5.4 Reading micrometers

A micrometer has two scales that provide the measurement: one on the sleeve and the other on the thimble.
The sleeve of an outside micrometer has the main scale marked on the datum line. (The datum line is the
horizontal base line.)

The thimble has the secondary scale marked around its edge. As it is rotated, the main scale line moves,
proving the reading.

5.4.1 Metric micrometer

With a metric micrometer (Figure 5.5), the main scale on the sleeve has a datum line running through its
middle which shows both 1 mm and 0.5 mm divisions. The millimetre divisions are above the datum line
and each fifth division is identified by the respective number. The half-millimetre divisions are below the
datum line and are not numbered.

The scale marked around the thimble has fifty divisions, each representing 0.01 mm. Therefore, one full
turn of the thimble represents 0.50 mm.

One full turn of the thimble moves the datum line 0.50 mm along the main scale; two full turns move it 1 mm.

Reading a metric micrometer

The main scale is read to the edge of the thimble and the thimble reading is added. The procedure is
as follows:

whole

1 From the sleeve , read the number of whole- millimetres
millimetre divisions which are visible on the main
scale above the datum line datum

2 Add to this a half-millimetre division if one is line
visible on the main scale below the datum line

3 From the thimble , note the division that coincides
with the datum line and add this to the previous

=

——

readings.
g thimble
Example 1 nalf divisions
millimetres 0.5 mm
For the micrometer shown in Figure 5.5, the 0.01 mm
readings taken in order are: Figure 5.5 The divisions of a standard metric micrometer

9 whole millimetres = 9.00 mm

1 half-millimetre = 0.50 mm

48 thimble divisions of 0.01 = 0.48 mm
9.98 mm

datum line

Example 2 thimble

The scales of the micrometer in Figure 5.6 show the
readings of:

main-scale 100 mm divisions: 10.00 mm
main-scale 0.50 mm division: 0.50 mm
thimble divisions: 0.16 mm

10.66 mm

sleeve

Figure 5.6 Metric micrometer scales—the reading
shown is 10.66 mm
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5.5 Vernier calipers
inside jaws

Vernier calipers are precision instruments that (

main scale frame

provide readings in steps of 0.05 mm or, in some
instruments, 0.02 mm. The measuring scale on
a vernier caliper consists of a graduated bar with
both a fixed and a sliding jaw. The frame includes
the main scale and the outside sliding jaw includes
the vernier scale. The parts of a vernier caliper are
shown in Figure 5.7. outside jaws
The object to be measured is placed between
the two jaws, and the sliding jaw carefully adjusted  Figure 5.7 Parts of a vernier caliper ~ SIMON A. EUGSTER
until both jaws are in contact with the object
(Figure 5.8). The measurement can then be read
directly from the scales of the instrument. r
Both external and internal measurements can
be taken. For internal measuring, the ends of the
jaws are shaped to suit. Some calipers have scales
for both external and internal measurements.
The sliding jaw has a small rod which extends
or retracts from the end of the frame, and this
can be used to measure the depth or height of
a component.

vernier scale

sliding jaw

5.5.1 Reading the scales

Figure 5.9 shows the main scale that reads in whole
millimetres and the vernier scale that reads in
increments of 0.02 mm.

To read the measurement shown on the vernier
caliper in Figure 5.9, the following steps can
be applied:

Figure 5.8  Using vernier calipers to measure the length
of a valve spring

A. main scale

1 Look at the main scale

2 Identify the increment number that the 0 on
above 13 mm but under 14 mm.
of a millimetre (0.20 mm). On this vernier B. vernier scale

. . s 1 \ 2 e
the vernier scale has either stopped on or gone L m
past. In this example , the 0 on the vernier scale |”H“I”|I (\)l“dl”HlerHi g A
3 Identify the vernier scale reading which
scale , the divisions are numbered 1 through

is between 13 and 14 mm. So the reading is I —
will provide a reading to the nearest 0.02
to 10 and each division has a value of

Figure 5.9  Scale of vernier A — main scale , each division
0.02 mm. is 1 mm; B — vernier scale , each division is 0.02 mm; the
4 Determine the value on the vernier scale by reading shown is 13.40 mm

identifying a vernier graduation that lines up
precisely with one of the graduations on the
main scale.
5 In this example , the vernier scale is exactly lined up with the 4, which determines that it
is 0.40 mm.
6 Add the 13 mm and 0 .40 mm to provide a measurement totalling 13.40 mm.
7 Therefore , the measurement shown in Figure 5.9 is 13.40 mm.

If the depth gauge function on the vernier caliper is being used, the same steps apply to obtain the
measurement reading.
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Example
For Figure 5.9, this is:

main-scale divisions: 13.00 mm
vernier divisions: 0.40 mm
13.40 mm

5.5.2 Care of wernier calipers

Vernier calipers are an easy measuring device to maintain. After use, wipe the vernier caliper with a
soft cloth to remove any contaminated residue. Lubricate the sliding frame to ensure that the vernier
scale slides smoothly. Ensure that the locking screw on the vernier is secure and store the vernier
caliper away from moisture. Most vernier calipers are supplied in a protective case, and this is an ideal
storage method.

5.6 A dal gauge and its use

A dial gauge is a versatile device that can be used for checking a range of automotive systems and
components. It has a face, or dial (Figure 5.10(a)), plunger and pointer. As the plunger is moved up or
down, both the main and secondary dials in the face of the gauge move, displaying how far the plunger has

bezel clamp

large pointer
small pointer

bezel or ring

plunger

(@)

Figure 5.10  Dial gauges (a) analog (b) digital JUST TOOLS
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travelled. Digital dial gauges offer the benefit of a
very simple zero function and can also read in both
metric and imperial units.

Gear backlash, end play in shafts, cylinder block
deck clearances and runout of a rotating part can all
be measured using a dial gauge. Figure 5.11 shows
one being used to check flywheel runout. With the
dial gauge mounted by a magnetic base, the gauge is
set to zero, the flywheel rotated and the changes in
gauge readings are noted.

A cylinder-bore gauge is a special arrangement of
dial gauge that enables readings of the cylinder bore
to be taken (Figure 5.12). The gauge is used to check
both ovality and taper within the bore to determine
the amount of cylinder wear. The cylinder bore dial
gauge has a long extension, and movement of the
plunger at the lower end of the gauge is transferred
up through the extension to the dial gauge at the top.
Plungers of different lengths can be fitted to suit
different-sized cylinder bores.

5.6.1 Reading the scales

The dial is marked with divisions of 0.01 mm, and a
pointer, operated by a plunger, is moved around it to
indicate the reading. A smaller pointer on the face
of the dial gauge counts the number of full rotations
of the large pointer in 1 mm divisions.

The instrument is clamped or supported so
that the plunger can be set against the part being
checked. The bezel (ring) on the edge of the dial is
then turned to set it to zero (that is, the ‘O’ on the
dial is set in line with the pointer).

A dial gauge shows variations in movement from
the zero setting. These variations are transferred  Figure 5.12  Using a dial gauge to check cylinder bore
from the plunger to the pointer or display. for wear

ial gauge

flywheel
-

-

Figure 5.11 A dial gauge being used to check flywheel
runout

Handy hint: The pointer will show a plus reading on one side of zero and a minus reading on
the other.

To set up and read a dial gauge, follow these steps:

1 Mount the dial gauge on the magnetic base , tool post and holding frame . Accuracy will depend on the
stability with which the dial gauge is mounted.

2 Position the indicator so that the plunger is parallel to the direction of the component being measured.

3 Make adjustments to the magnetic base  , post and arm so that the plunger and stem will detect any motion
in the component.

4 The plunger of the dial indicator can determine movement in both directions. Move the dial gauge towards the
component being measured so that it provides a reading midway within the measurement scale on the dial.

5 Calibrate the device to zero . This is done by rotating the ring on the edge of the dial face so that the ‘0’ on
the dial is set in line with the large pointer

6 Move the component being measured and record the reading on the dial. Depending on the movement in
the component, the dial gauge will record measurements in either a positive or negative direction.

5.6.2 Care of dial gauges

Dial gauges are precision instruments and it is important to maintain them correctly. After using the device,
wipe it with a soft cloth to remove any contaminated residue. Lubricate the plunger to ensure that it slides
smoothly. Store the dial gauge away from moisture, preferably in a protective case.
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5.7 Tools for checking

There are occasions—such as carrying out a modification or fabricating a component—that require marking
or measuring. The following are some commonly used tools.

5.7.1 Rules and tapes

Steel rules are usually 150 mm or 300 mm long, and are graduated in millimetres and half-millimetres.
They are used for all normal workshop measurements. For longer measurements, such as obtaining the
track or wheelbase of a vehicle, a steel tape is used. Its flexibility means it can measure curved surfaces or
larger round objects.

5.7.2 Steel try square

A steel try square checks right angles. A try square has a stock with a blade at 90°. It is used when a line
is to be scribed at right angles to the edge of the work. It is also used for checking internal and external
right angles.

To check an external angle, the inside of the stock of the try square is held firmly against one finished
surface, with the blade slightly clear of the work. The work is held up to the light, and the blade of the
square brought slowly down to contact the surface being checked. An internal angle is checked in a similar
manner with the outside of the square.

Handy hint:  If the two surfaces being check  ed are square , no light will show under the blade of
the square .

5.7.3 Combination set

A combination set (Figure 5.13) has three separate heads, each of which can be fitted to a graduated steel
blade to form a combination square, a centre square or a protractor.

1 Combination square . The square head, when fitted to the blade , can be used to mark out or check angles
0f 90 ° and 45 °. The head can be moved along the blade and so used as a depth gauge , with the measured
depth shown directly on the blade

2 Centre square . This head is V -shaped and, when fitted to the blade  , the *V” is bisected by the edge of the
blade . To locate the centre of a round bar or disc:
(a) place the blade flat on the end of the bar with the V -head in contact with the bar
(b) scribe a line along the edge of the blade (this is

the diameter of the circular end).

A second line scribed appro  ximately at right
angles will intersect the first line at the centre of
the circle .

3 Protractor . The protractor head has a scale
graduated in degrees so that the blade can be
set at any angle to it. Angles can be mark  ed out
or check ed by using the protractor in a similar
manner to a try square

5.7.4 Straightedge ——

A straightedge is used for checking the flatness of a (d)
surface. For a small surface, a steel rule or the blade
of a try square may be used. The clearance between
the steel rule and the component is checked to see if
light can be seen under the steel ruler.

For larger surfaces, a long steel straightedge is
used. This is placed on its edge and a feeler gauge
use(.i to measure any irregularities between the Figure 5.13  Combination set. The upper illustration
straightedge and the surface. Surfaces such as the — “° o 0 components of the set (a) protractor
face of a cylinder head are checked along their (b) square (c) centre square (d) steel blade . The lower
length and also diagonally in this way (Figure 5.14).  illustration shows the squares fitted to the blade SNAP-ON

CORCRCURE I I AT UK
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Figure 5.14  Using straightedge and feeler gauges to Figure 5.15  Digital thermometer used to check exhaust
check the flatness of a cylinder head manifold temperature

Figure 5.16 Pressure gauge connected to check the Figure 5.17  Performance testing an air-conditioning
engine oil pressure SHUTTERSTOCK system using a vacuum gauge  SHUTTERSTOCK

5.7.5 'Temperature measurement
Many systems and components rely on a change in temperature for their correct operation. An air-
conditioning system, for example, reduces cabin temperature during operation and a shock absorber
increases temperature. Degrees Celsius (°C) is the temperature scale used in the metric system.

Many other systems and components can have their operation checked using a thermometer (Figure 5.15).
These include:

* cooling system thermostats

* intercoolers/heat ex changers
* tyres and wheel alignment

* transmission oil.

5.7.6 Pressure measurement
Pressure applied in vehicle systems is measured in two forms.
1 Pressures above atmospheric pressure such as oil pressure in Figure 5. 16 are measured in positive kilo
pascals ( +kPa). (For positive pressures, the ‘ +’ symbol is not normally used.)

2 Pressures below atmospheric pressure such as in air-conditioning systems in (Figure 5.17) are measured in
negative kilo pascals ( —kPa) or mm of Hg (mercury).

% Handy hint: Negative pressures are normally called a vacuum.
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The pascal (Pa) is the basic unit of pressure measurement in the metric system. It is the force of
1 newton (N) applied to an area of 1 metre squared (m?).

Therefore 1 Pa =1 N m?

In practice, this a very small unit of measurement and the unit pascals X 1000 (or kPa) is used.

Atmospheric pressure

Atmospheric pressure varies with altitude and temperature. Air pressure decreases above sea level and
increases below sea level. Cooler air is denser than hot air and would have a higher air pressure.

SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an
automotive service and repair context. Y  ou will be able to:

« select the correct measuring device for the required task

* demonstrate the correct use of the measuring device

* demonstrate the correct way to read a range of measuring devices
¢ identify basic maintenance requirements for measuring equipment
» demonstrate the correct way to store measuring equipment.

REVIEW QUESTIONS

1 Whatisa feeler gauge and what might it be used to measure ~ ?
2 For what purposes woulda  vernier caliper be used?
3 What would it mean ifa micrometer had a zero error ?
4 What is the name of the section onthe =~ micrometer which shows 1.0 mm and 0.5 mm divisions ~ ?
5 Provide three examples of the components that can be measured using an outside micrometer .
6 Explain how to correctly calibrate an electronic ~ micrometer .
7 Provide three examples of items that can be measured using a dial gauge
8 For what purposes are dial gauges used?
9 What is the purpose of the small pointer on a dial gauge ?
10 Which measuring instrument has a steel rod that can be used as a depth gauge ?
11 For what purposes would a try square be used within the automotive repair industry ?
12 Explain the use of a straight edge . What other measuring instrument can be used to assist with checking

manufacturer specifications ?
13 How would a surface be check ed for flatness ?
14 Whatare vee blocks ?



CHAPTER

Friction and bearings

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

1 explain the effects of friction in relation to bearing surfaces

2 identify a range of bearing types and their applications
3 describe the correct installation and removal procedures for bearings
4 apply procedures to  inspect, service and lubricate bearings.

The internal working components of a motor vehicle are complex. In systems such as engines,
transmissions and differentials, metal surfaces such as shafts, gears and bearings are constantly
in contact with each other. This creates friction, which results in heat and the wearing of metal
surfaces. Bearings are used inmechanical components to reduce this friction and consequent wear.
While all bearings have the same purpose  , they differ in application and servicing requirements.

Friction is the force which opposes movement of one surface over another. It is always present, even
between stationary surfaces; however, it only becomes noticeable when one surface is moved over another.
Friction is affected by the type of surfaces that create it, and rough surfaces will produce more friction than
smooth surfaces.

6.2 Types of friction

Friction has various functions in a motor vehicle. Bearings and gears are used to reduce its effects, whereas
in the case of brakes and clutches, friction is increased to improve their efficiency. Different types of
materials are used to create different levels of friction.

There are five main types of friction: static, limiting, sliding, rolling and fluid. The types that apply
mostly to motor vehicle parts are sliding, rolling and fluid friction.

6.2.1 Static friction

Static friction holds things stationary. When any object is resting on a level surface, it will remain there
because of static friction.

6.2.2 Lmiting friction
Limiting friction is the friction between two surfaces when one is about to slide over the other. Gradually
increasing the force on a surface in an effort to make it slide over another surface increases friction.
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This limits (or prevents) movement. However, a point is reached when the friction can no longer prevent
movement. The friction at this point is the limiting friction.

6.2.3 Sliding friction

Sliding friction is the resistance to movement that occurs when one surface is sliding on another. Sliding
friction is slightly less powerful than limiting friction as less force is required to keep an object sliding
than it is to start it. Sliding friction occurs when a shaft rotates in a plain bearing, or wherever one vehicle
component slides in relation to another.

6.2.4 Rolling friction

Rolling friction is where surfaces are separated by balls or rollers. In these cases, they do not slide but roll
on each other. Rolling friction is less dominant than sliding friction. In the context of motor vehicles, it
applies to ball and roller bearings.

Handy hint:  Ball and roller bearings are used to reduce friction, and for this reason are often referred
to as being in the  antifriction bearings  category .

6.2.5 Fluid friction

Fluids also have friction, but this is less than the other types of friction previously mentioned. This is
because, if two sliding surfaces are separated by a film of oil, friction will be greatly reduced; but there will
be some. This friction is not caused by the surfaces being in contact but by the oil between them.

% Handy hint: A fluid can be a liquid or a gas, but liquids have much greater friction than gases.

6.3 Using friction

Brakes use composite brake pads or linings, which are forced against cast-iron discs or drums. The
composition material and cast iron operating together have a high coefficient of friction, and this is required
for brake materials.

Brake lining and pad material is often referred to as friction material because of its high-friction
properties.

The composite material and cast iron can both withstand the effects of the heat generated by friction
when the brakes are applied. Tyre operation depends on the friction between the rubber tread and the road
surface. The term fraction represents the effect of friction when the wheels are driving; adhesion is the
friction effect when the vehicle is cornering.

6.3.1 Coefficient of friction

The condition, material and force applied to a surface will affect the amount of friction generated. The
coefficient of friction is a way of measuring the friction of two materials in contact. Different types of
materials require a greater force to move than others. Therefore, they will have different coefficient ratings.
An example of how these types of ratings apply to friction within a motor vehicle is shown in Figure 6.1
which compares the operation of brakes that produce high a coefficient value (0.3) with a lubricated plain
bearing (0.01) and a roller bearing (0.001) that produces a low coefficient value.

Handy hint:  An easy way to understand the coefficient of friction is simply to think of it as a way of
measuring the friction between two surfaces. The greater the friction, the higher the coefficient.

6.4 Bearings

Bearings are used in many parts of a motor vehicle. Some are required to carry only a light load and therefore
only need minimal lubrication. Where loads are heavy and constant, bearings are much more important and
their lubrication critical.
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disc pad lubrii:ant plain bearing  shaft roller
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Figure 6.1 Locations with different coefficients of friction  (a) brak e disc and pads  (b) lubricated plain bearing
(c) roller bearing

6.4.1 General types of bearings

Bearings can be divided into two types: plain bearings, where the shaft runs directly on the bearing
surface, and antifriction bearings, which have balls or rollers as part of the bearing. Although all bearings
have some friction, it is reduced by the balls and rollers and, in the case of plain bearings, by special
antifriction metals.

6.4.2 Application of friction to bearings

Understanding friction and how it applies to bearings is helpful when diagnosing faults. A plain bearing is
a simple type of bearing and has no rolling components. It is subjected to sliding friction, where its surface
slides over a shaft. This friction is reduced by lubrication. When the shaft is stationary in the bearing, or
under heavy load, oil is squeezed out, and wear is caused by friction.

Ball and roller bearings have much less friction than plain bearings. However, when a ball or roller
moves across the bearing surface, it is likely to form a groove, which increases rolling resistance. With
a ball or roller bearing, rolling resistance tends to occur with both the inner and outer race surfaces and,
though it may be minimal, a cold-flow of the metal surface results. This causes the races within the bearing
to become deformed under load and produce excessive friction. Normally, this deformation is very small.
However, if the bearing is excessively loaded, it can cause damage to the hardened surfaces and pitting will
result, with subsequent bearing failure.

6.4.3 Bearing loading

Depending on the application, bearings are required
to withstand certain loads. There are three types of

loads (Figure 6.2).
load
1 Radial load. The load is applied at right angles to —

the shaft and the bearing carries the load along load -
its radius. ‘

2 Thrust load. The load is applied lengthwise to ? '
the shaft, and the bearing accepts this as a side load
thrust. .

3 Combination load. This is a combined radial and load load
thrust load, and certain bearings are designed to
produce this. Many bearings designed for radial Radial Thrust Combination
loads will also accept light thrust loads. This

applies to most ball bearings. Figure 6.2 Three types of loads can be applied to bearings
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6.5 Plain bearings

A plain bearing can simply be a hole drilled in a
casting or component. This type of bearing is /\
usually restricted to pins or shafts that have limited
movement or rotate at slow speed. A smear of oil

or grease may be the only lubrication required to
lubricate a plain bearing.

Plain bearings are also used in components
where a shaft is rotating at high speeds. In the case ~ Figure 6.3  Plain bearings can be designed to carry both
of the engine camshaft and bearings, both bearing radla}l and thrust loads—thrust washers are a form of

. ) - .. bearing that tak e thrusts
and shaft are provided with pressurised lubrication.

radial thrust combination

6.5.1 Sleeve bearings and bushes

Sleeve bearings are plain bearings in the form of a sleeve, which is pressed into holes bored into
castings or other parts. Some sleeve bearings consist of a steel tubular backing with an antifriction metal
lining. Camshaft bearings for overhead-valve engines are sleeve bearings that fit into bores machined into
the cylinder block.

For other applications, such as pins and smaller shafts, bronze or nylon bushes are used. These types of
bushes are called ‘sleeves’ and are used as bearings.

Moulded rubber or polyurethane bushes are used in suspension components. They move in relation to
the body or wheel hub.

6.5.2 Split-sleeve bearings

Split-sleeve bearings are plain bearings that are made in two halves (Figure 6.3). They can also be referred
to as bearing shells or bearing inserts.

Normally, split-sleeve bearings will only accept radial loads; however, when constructed with flanges,
they will also accept thrust loads. Figure 6.3 also shows a thrust washer. Also a type of bearing, it takes
thrust loads only. Thrust washers are sometimes split so that they can be easily installed over a shaft.

Figure 6.4 shows part of an engine crankshaft and one of its bearings. This bearing will accept both
radial and thrust loads. Crankshaft and connecting-rod bearings are of a split-sleeve design. Due to the
shape of the crankshaft, the bearings must be made in two pieces to enable them to be installed on the
crankshaft journals.

6.5.3 Antifriction metal

Steel-backed bearings are lined with soft metal,
which is referred to as antifriction metal. The steel
backing provides rigidity and the lining provides flywheel
the bearing surface. The antifriction metal is an
alloy mixture which may contain lead, tin, copper
or aluminium. Engine bearings can have three thin crankshaft
layers of bearing metal on a steel backing.

Handy hint:  Bearings with antifriction metals
must be well lubricated, which is why engine
bearings receive a constant supply of oil from
the lubricating system.

6.6 Antifriction bearings

Antifriction bearings include ball and roller bearings main bearings
of various designs. As previously indicated, friction
is greatly reduced due to the rolling action of the bearing ca p
balls or rollers within a bearing. Steel balls have

point (or spot) contact with the surfaces of the  Figure 6.4 Rear end of a crankshaft showing a main
bearing, and rollers have line contact (Figure 6.5).  bearing, oil seal and needle roller bearing

needle roller
bearing

oil seal
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outer race

ot contact

p Ball bearin
point contact £
outer race

. rollers
inner race

Roller bearing
line contact
(b)
outer race
Figure 6.5 Ball and roller bearings (a) point contact of a inner race tapered rollers

ball bearing (b) line contact of a roller bearing

ne contact

As a result, roller bearings produce higher levels of

friction than ball bearings. However, roller bearings

are able to carry a greater load than ball bearings.
Three basic designs of antifriction bearings are

Tapered
shown in Figure 6.6. These are ball bearings, roller roller bearing
bearings and tapered roller bearings. There are a
number of variations to these. Figure 6.6 Three common types of antifriction bearings

6.6.1 Ball bearings

The ball bearing in Figure 6.6 is a single-row ball bearing, which can also be referred to as a ballrace or

annular bearing. It consists of an inner and an outer race with grooves or tracks in which the balls roll. The

balls are held in place by a cage or retainer, which spaces them evenly around the bearing inner and outer race.

This type of bearing cannot be dismantled and is not adjustable. It will carry radial loads and light thrust loads.
This is one of the most commonly used types of antifriction bearings.

Types of ball bearings
The following are common types of ball bearings (Figure 6.7).

1 Single-row ball bearing. This is similar to the ballrace , but has a circlip in its outer race . The circlip acts as a
retainer to locate the bearing in its housing. Some ball bearings are designed with deep grooves. A deep
groove on one side of the outer race and on the opposite side of the inner race enables the bearing to
accept thrust loads in one direction.
2 Double-row ball bearing. This has two rows of balls that enable it to carry heavy radial loads. It will accept
light thrust loads in either direction.
Thrust bearing. A ball bearing of this type will accept heavy thrust loads but cannot accept radial loads.
4 Cup-and-cone bearing.  This has an inner cone and an outer cup  , and the balls are separated and retained
by a cage . These three parts are separate . Cup-and-cone bearings must be used in pairs and have to be

w
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single-row ball

bearing double-row ball

bearing
O
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A

thrust bearing cup-and-cone bearing

Figure 6.7 Types of ball bearings

adjusted when they are installed. A pair of these
bearings will accept both radial and thrust loads.
However , as tapered roller bearings can carry a
greater load, they are generally used instead of
cup-and-cone bearings.

6.6.2 Roller bearings

There are six main types of roller bearings, as
follows:

1 Straight roller bearing. Also known as a cylindrical
roller bearing or plain roller bearing, this has
parallel rollers which run in grooves within the
inner and outer races. The rollers are held in
place by a cage . The surfaces on which they roll
are referred to as raceways.

Straight roller bearings are deployed in similar
locations to ball bearings. They are used to carry
heavy radial loads, although some designs, with
suitable flanges, will carry light thrust loads in
one direction. While most bearings cannot be
dismantled, some are made without flanges so
that the parts can be separated.

2 Roller assembly . This consists of a number of straight
rollers held in a cage . A roller assembly has no
inner or outer race of its own but is fitted between
a hardened shaft and the bore of a gear (or similar
part). Due to the design of the roller assembly
are only suitable for radial load applications.

3 Caged needle rollers.  Small roller bearings are
referred to as needle rollers or needle bearings.
They can be used loose or held in some form of
cage , (Figure 6.8.) Like roller assemblies, they

, they

“LvL 3

roller assembly

plain roller

caged needle rollers
needle thrust
bearing

Figure 6.8 Types of roller bearings

4

have no races and are used between a hardened
shaft and a hardened bore

Needle thrust bearing. A needle thrust bearing
has its needles mounted radially in a washer-
type retainer and used as a thrust washer

be installed on a shaft between two hardened
surfaces to tak e the thrust load between parts

or used with a hardened steel washer on each

side .

Loose needle rollers.  Needle rollers can be used
without a retainer , as shown in Figure 6.9, where
a number of rollers have been installed within the
bore of a gear to provide a bearing. The rollers
operate directly on a hardened shaft and thrust
washers are fitted at each end of the gear to keep
the needles in place

Tapered roller bearings.  These can be separated
into two parts (Figure 6.10). The inner race ,
complete with the rollers and retainer , is known

as the cone , and the outer race is called the cup

The cup and cone are held together when the

bearing is installed and adjusted.

It can

Some tapered roller bearings are designed to be

used individually, however standard tapered roller
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gear

rollers

Figure 6.9 Needle rollers in the bore of a gear—the Figure 6.10  Tapered roller bearing
rollers run directly on the shaft and in the gear

bearings are used in pairs. When mounted back-to-back, they can carry heavy radial loads as well as thrust
loads in both directions.

6.6.3 Bearings with shields and seals
In some applications, bearings are made with shields or seals. These arrangements are shown in Figure 6.11.
Shields can be on one or both sides of a bearing. They keep out dirt and restrict the flow of lubricant
through the bearing.
Seals are used in bearings which are prepacked with lubricant. Bearings of this type are usually used in
hard-to-access locations, and the seal is required to retain the lubricant for the duration of the bearing’s life.

6.6.4 Clutch release bearing

The clutch release bearing, which is located inside the clutch housing, is a special thrust bearing
(Figure 6.12). It is lubricated and sealed during manufacture, and its lubricant will normally last until other
parts of the clutch require servicing.

6.6.5 Self-aligning ball bearings

Self-aligning ball bearings are used where alignment is difficult. They have a wide groove in the outer race,
which allows the inner race and balls to tilt so that the bearing aligns itself to suit the alignment of the shaft.

ball
outer race inner race
retainer
thrust face 5
|| grease recess
."/
sealed bearing shielded bearing
Figure 6.11  Sections through a ballrace show the seals Figure 6.12  The clutch release bearing is a special

and shields thrust bearing
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6.6.6 Other bearings

The composition of bearings varies according to the different purposes for which they are to be used. Steel
pins may have bushes of bronze, rubber or nylon. Other bushes may be of steel with steel pins. Generally,
a soft and a hard metal are used together for a plain bearing and shaft, though there are many examples of
hardened steel parts working together (these need to be well lubricated).

Sintered bronze bushes are used in smaller components such as starter motors and electric motors.
Powdered metal is fused together in the manufacturing process to form a very porous material which will
retain oil to provide good lubrication.

6.7 Removing and installing bearings

During dismantling and repair of components, bearings must be removed from shafts and housings.
Where they are fitted tightly to shafts and housings, force is required to remove them. However, any force
must be applied correctly. No force should be applied through the balls or rollers of the bearing as it will
break the bearing apart.

Handy hint:  Force must always be applied to the inner part of a bearing when removing it from a shaft,
and to the outer part of a bearing when removing it from a housing.

Many manufacturers recommend special tools for removing and replacing bearings, and these should
always be used if available. Figure 6.13 shows a special puller removing a taper roller bearing from a
differential carrier. These pullers apply pressure under the bearing cone, not under the retainer and rollers.

Universal puller kits are also available. These contain a range of fittings and adaptors that suit a variety
of tasks. In many instances, an arbor press or a hydraulic press is used for removing and replacing bearings.

6.7.1 Using a press
To remove a bearing, the inner race is placed on metal press plates or on a pressing tool. This must
adequately support the inner race on the bed of the press. The shaft is then pressed out of the bearing. The
outer race should not carry any load during this operation.

The bearing can be replaced by using a piece of tube which fits over the shaft and against the inner race.
The tube can also be used with a hammer to carefully drive the bearing on to the shaft.

6.7.2 Using a hammer and drift

A soft steel punch and hammer are often used to tap a bearing from a housing. A punch can also be used to
remove (or replace) a bearing from a shaft (Figure 6.14).

Figure 6.13  Use of a puller that fits behind the bearing Figure 6.14 A drift being used to replace a bearing on
cone a shaft
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The end of the punch should be shaped to fit against the shaft and be flat against the bearing race, as
shown. Punching should be carried out alternately on opposite sides of the bearing to keep it straight, and
care should be taken to prevent damage to the cage.

A mild steel punch should be used (a hard steel punch would be unsuitable). A brass punch is definitely
unsuitable for bearings because brass chips can break off and become lodged in the bearing.

Safety: Whenever removing or replacing bearings, all hand and power tools must be used correctly to
avoid damaging components. T o reduce the risk of personal injury  , the appropriate PPE should always
be worn.

6.7.3 Retaining compound

A retaining compound can be applied to a bearing inner or outer race during assembly. A limited amount
of retaining compound is used to prevent a bearing from moving or spinning on a shaft or within a
housing. The compound does not affect the removal of a bearing and can also be used for bushes, sleeves
and oil seals.

6.8 Cleaning and checking bearings

Prior to dismantling any component, thorough external cleaning should be carried out. This helps to prevent
contaminants entering internal parts. The following procedure should be observed when cleaning bearings:

1 Thoroughly wash the bearings in clean solvent.

2 Hold ball bearings stationary while drying them with compressed air . Do not spin the bearing as this is
dangerous and will damage it.

3 TLubricate the bearing immediately after drying with compressed air

4 Re-check the bearing for cleanliness (they will often need a second clean).

5 Turn the bearing slowly by hand and check for any roughness or unevenness. With thrust bearings, apply
pressure in the thrust direction.

6 Examine the balls or rollers and the bearing surfaces for defects. L ook closely while rotating the bearing so
that all surfaces are examined.

7 Sealed bearings should not be washed. Wipe the outside clean and check for roughness as previously
described.

8 Never place a clean bearing on a dirty surface

9 If a bearing is to be re-used, but not immediately ~ , it should be lubricated and then wrapped in oiled paper or
lint-free cloth. This will k eep out dirt and prevent rusting. Never set a clean bearing down on a dirty surface

Sustainability: A material safety data sheet (MSDS) should be used to gather information about the
correct storage , handling and environmental requirements for all cleaning products. Failure to follow
these procedures can result in personal injury and environmental damage

6.8.1 Bearing lubrication

Bearings that are either completely or partly immersed in oil are well lubricated. Lubrication occurs as
the bearing rotates and carries oil throughout the bearing surfaces. Engine bearings are supplied with
oil by the lubricating system, which pumps oil to all the engine bearings and other parts that require
lubrication.

It is common to pack wheel bearings with grease before they are installed. This must be done correctly to
ensure they are lubricated appropriately and can go long periods without requiring new grease.

6.8.2 Packing bearings with grease

A bearing is packed by forcing grease in between the rollers, balls and races (thus it should be completely
filled with grease).

This can be done by forcing grease into one side of the bearing with the palm of the hand until it comes
out of the other side. Grease must be fully applied between all rollers and not just smeared around the
outside of the bearing.
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6.9 Bearing adjustments

Most tapered roller bearings have to be adjusted during installation. There are two types of adjustments:
screw adjustments and shim adjustments.

6.9.1 Screw adjustments

The front-wheel bearings of a rear-wheel-drive vehicle are an example of bearings with a screw adjustment
(Figure 6.15). The bearings are mounted back-to-back, with the cups in the wheel hub and the cones on the
axle spindle.

The spindle has a locking nut which also provides bearing adjustment. When adjusting, the nut is first
tightened until all free play in the bearing is removed. The locking nut is then backed off approximately one-
sixth of a turn to provide the rollers with a small running clearance.

Handy hint: ~ As the nut is being tightened, the wheel hub should be rotated so that the bearings seat
correctly .

6.9.2 Shim adjustments

Adjusting shims or spacers can be fitted behind the cup or cone of a roller bearing. Shims can be selected for
thickness so that the required clearance within the bearing is obtained. Adding shims will reduce clearance
and provide a tighter adjustment, while removing them will increase clearance and give a looser adjustment.

Figure 6.16 shows one use of shims. Fitted between the bearing cups and the housings, they are used to
adjust the differential case bearings. These are tapered roller bearings that, in this context, are usually given
a preload. This is done by selecting shims of suitable thickness.

6.9.3 Unitised bearings

Unitised bearings are used for wheel bearings. The outer race, inner race and balls or rollers are designed
as a unit and do not require adjustment.

Shims, selective-fit snap rings or spring-type washers are often used. However, they do not adjust the
bearing itself but position it on a shaft in a housing. They can also be used to remove end-float from a shaft.
Some bearings contain a groove in the outer race for a snap ring. This retains the bearing in the housing.

6.9.4 Bearing preload

Preload is an adjustment that is applied on a bearing by the installer to ensure that all bearing components
are in full contact with their surfaces. This is only required where bearings are subjected to a thrust and

splash

shield grease
seal

inner

bearing

and race outer
bearing
and race

cap

Figure 6.15 A conventional front wheel, hub and bearings forar  ear-wheel-drive vehicle
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radial load. For example, the tapered roller bearings
in a pinion of a differential are preloaded on
assembly. Without the initial preload, this could
cause one bearing to be loose and the pinion would

have insufficient bearing support. @

. . beari
Handy hint: Some wheel bearings are tapered caIng
. cup
roller bearings, but are not preloaded. !
shim bearing differential shim

6.10 Bearing failures and defects P case

Figure 6.16  Differential case bearings with adjusting shims

Ball and roller bearings have a long life as long as
they are not overloaded, incorrectly adjusted, poorly
fitted or permitted to run without sufficient lubrication. As a bearing can be easily damaged when being
removed from a shaft or housing, it is important to determine whether it actually needs to be removed.
Removing a bearing to simply clean it can result in unnecessary damage.

Handy hint:  Suitable bearing-removing tools are essential, and must be used properly to prevent
damage .

6.10.1 Causes of bearing failure

Careful examination of bearings is necessary when seeking reasons for a bearing failure. The following are
some of the causes of this.

Abrasion

Contaminants such as dirt or grit entering a bearing will damage the roller surfaces. This results in their
surfaces taking on a dull (rather than polished) appearance.

Lack of lubrication

Excessive heat causes discoloration of the balls, rollers or bearing surfaces. Heat can also cause metal
fatigue, which leads to metal particles contaminating the bearing. Insufficient lubrication in plain
bearings will result in excessive wear; and complete bearing failure will occur if engine bearings
operate without oil. Pins and bushes such as those in suspension components will seize if not correctly
lubricated.

Corrosion

Water or moisture will cause corrosion. This is evidenced by pit marks or rust on the bearing. Incorrect
cleaning, handling or storage procedures can result in surface corrosion, so bearings must be lubricated and
stored appropriately.

Faulty fitment
A range of issues can affect the correct fitment of bearings. Common fitment faults include:

1 Incorrect interference fit between the bearing, shaft or housing . Care must be tak en to ensure that a shaft or
housing diameter is compatible with the inner and outer bearing races to be fitted.

2 Shaft damage resulting in distortion of the race and consequent bearing failure. The shaft should be clean
and smooth to allow the bearing to fit correctly

3 Not ex amining all components carefully for damage and cleanliness

Faulty adjustments
Common adjustment faults include the bearing being either too loose or too tight. Either can result in

scored bearing surfaces and broken or chipped balls and rollers. When adjusting bearings, always follow
manufacturers’ specifications.

6.10.2 Antifriction bearing defects

A number of defects can occur in antifriction bearings. When inspecting bearings, look for signs that will
identify a defect. Figure 6.17 (upper illustrations) shows the parts of roller and ball bearings that should be
inspected. The following terms are used to describe bearing defects. The lower part of the figure illustrates
some of these:
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Figure 6.17 Types of bearing defects

1 Galling. Wear of the bearing surfaces with some small pitting. This is caused by poor lubricant or lack of

lubrication.
2 Spalling. Badly pitted surfaces on both the inner and outer raceways, and possibly on the balls or rollers.
This is due to the metal being overstressed and is known as metal fatigue . This could be caused by either

overloading or a loose adjustment, which allows impacts or shock loading of the bearing surfaces.

3 Corrosion. Etch marks on any part of the bearing caused by water or moisture

4 Pitting. Pit marks in the bearing surfaces. This could indicate an advanced state of corrosion caused by
water or moisture .

5 Discolouration . The surfaces of the bearing are discoloured by ex cessive heat. This is most lik ely due to
lack of lubrication or the bearing being adjusted too tightly. Continued operation will cause galling and
spalling.

6 Fretting. Rub marks on the outside of the outer race and the bore of the inner race . Marks on the outer race
are caused by the bearing being loose within its housing. Rub marks on the inner race are caused by the
bearing being too loose on its shaft.

7 Crack ed races. Bearing races can crack if either the shaft or housings they are fitted to are ex cessively tight
on the races. Tightness such as this can also result in overheating.

8 Brinelling. This is a series of indentations or marks on the raceways. It is caused by shock loading or poor
installation.
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SUMMARY

Now that you have completed this chapter you can transfer your knowledge into practical situations within an

automotive service and repair context. Y  ou will be able to:

explain that the purpose of a bearing is to assist with the reduction of friction so that components can
operate efficiently and reliably

identify ex cessive friction so that it does not lead to  premature component failure

understand the importance of correct bearing selection and maintenance procedures

identify bearings, how they reduce friction and their correct application

explain how abrasion, lack of lubrication, corrosion and faulty fitment or adjustment can cause
bearing failure

describe the process to correctly remove and install bearings using a press or a hammer and drift
apply environmentally sustainable cleaning processes

demonstrate how to apply correct adjustment or preload of bearings as required.

REVIEW QUESTIONS

O 0 3 AN LW

R R = = = = e e e e e e
—_— O O 0 NN R W= O

Explain what is meant by friction.

Identify the five types of friction that apply to automotive systems.

Name a range of vehicle systems that use friction as an advantage

Why is it important to limit the effects of friction in many vehicle components ?
What is meant by the coefficient of friction ?

How can friction be reduced?

Name the three types of loads that bearings can carry

What is a plain bearing and where might it be used?

What type of bearing could be considered as an anti-friction bearing ?
What are thrust bearings and where are they commonly used?

What are the advantages of double-row ball bearings ?

Name four types of roller bearings.

What are needle roller bearings  ?

Explain why some bearings are sealed.

For what purpose would a self-aligning bearing be used?

How should a bearing be supported when pressing it from a shaft?

Explain how a ball bearing would be cleaned and check ed.

Where are tapered roller bearings lik  ely to be found?

Why should a bearing be subjected to bearing preload?

Describe briefly how you would adjust the bearings on a standard car trailer
Identify a range of possible causes of bearing failure
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CHAPTER

Seals, gask ets
and sealants

LEARNING OBJECTIVES

On completing this chapter , you will be able to:

identify types of seals and gask  ets and their applications

install and remove gask ets and seals

inspect and service gask  ets and seals

use sealants and adhesives safely

demonstrate awareness of safety and environmental issues when working with
seals and gask ets.

Seals and gask ets are commonly used in motor vehicle systems to prevent the loss of fluid,
grease , gas or air. The reliability and durability of these systems is dependent on effective seals
and gask ets. These ensure that all components are adequately lubricated while being protected
against contaminants such as dirt and water

Each system component may require a different seal or sealant, depending on issues such as
heat, pressure , speed and the potential corrosiveness of the fluid or grease being contained.

7.1 Types of ail seals

7.1.1 Cased oil seals

Often referred to as lip-type seals, these consist of a moulded synthetic rubber seal enclosed in a metal case
(Figure 7.1). The seal is made with a lip which forms a sealing edge against the shaft.

Some seals have a circular spring (sometimes called a garter spring) fitted behind their lip to hold it
against the shaft and increase their sealing ability. Other seals do not have a spring but depend on the shape
and resilience of synthetic rubber material to maintain contact between the lip of the seal and the shaft.
Sometimes a double-lip seal is used.

Another type of seal has a metal casing that fits directly against the bore of a housing in which it is
mounted. Others have a rubber coating over the metal which seals against the bore of a housing.

Most lip-type seals are effective at sealing in one direction only; when installed, the lip of the seal must
face towards the inside of the housing. This results in any internal pressure from fluid or grease tending to
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force the lip of the seal against the shaft, producing

a more effective seal. TR
YA (~§

Handy hint: If a seal is installed incorrectly
its lip will lift off the shaft and the seal flat seal lip-type seal
will leak.

Multi-lip oil seal

A multi-lip oil seal has three sealing lips moulded @ "_ﬂ_m
around a metal case. Each is a different shape, and L
the centre lip is made of Teflon™.

Multi-lipped seals are mainly used at the front
and rear of the crankshaft as the Teflon™ compound
within them reduces friction against the shaft.

Advanced automotive technology uses lip seals
that only seal when pressure is applied to them.
The purpose of this type of seal is to reduce friction
and prolong the lifespan of components. These
seals are mainly used in transmission, differential shaf't

%

lipseal double-lip seal
with garte r

Figure 7.1 Metal-cased oil seals — the sectional views
show the shapes of the seals

7.1.2 O-rings
O-rings are synthetic rubber rings that fit into
grooves that have been machined in shafts and

other components. When the O-ring is installed 7
into its groove, it protrudes above the shaft. When //////////
the shaft and its mating part are assembled, the

(a)

O-ring is compressed slightly, forming a seal
between the two parts (see Figure 7.2). O-rings are D
simple and efficient. They rely on the durability of LL

their synthetic rubber construction to maintain an N
effective seal. shaft \ \
O-rings are used in a variety of locations. In \\\\ \\\\\
(b)

hydraulic systems, they provide a seal between a
sliding shaft and a housing or between a piston
and a cylinder. They can also be used instead of  Figure 7.2 O-ring (a) installed on a shaft (b) forming a seal
a gasket to seal between two mating faces: the
O-ring fits into a groove in one face and, when
the parts are assembled, is compressed against
the mating face. This forms a seal between the oil scroll
two surfaces. [

Figure 7.3 shows a drive unit that is used for

[ O-ring

large O-ring

speedometers and some sensors. It has two O-rings, @

each being used for a different purpose. The larger

O-ring seals the housing in its mounting on the / /

transmission; the smaller one is used as a seal between / _

the drive shaft and the housing. g&g{,‘g small O-ring 4 ing groove

7.1.3 Sealmg StI'lpS and blocks Figure 7.3  Speedometer or sensor drive with O-rings

These types of seals are made of rubber or a  andan oil scroll MITSUBISHI

composition of various fibres. They are designed

specifically for use at the front and rear of the

crankshaft. Figure 7.4 shows where sealing strips are used on each side of the bearing cap to seal the end of
the crankshaft.
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7.1.4 Oil scroll

An oil scroll is a spiral groove that is machined
into a shaft. The scroll is not the seal, but is used to
reduce the amount of oil that reaches the main seal
(see Figure 7.3).

The scroll winds in the opposite direction to shaft
rotation. Oil is wound back away from the seal,
reducing the saturation of oil at the seal.

7.1.5 Oil slnger

This is a dished washer that can be used on a ;
shaft that fits through a housing. Oil reaching the seal
slinger tends to work outward to its edge and is then g\foov .

thrown back away from the shaft. Oil slingers are

supplementary seals whose function is to reduce the
amount of oil that reaches the main seal.

side seal
in place

side seal

Figure 7.4  Seals in a main bearing cap at the rear of
a crankshaft

7.1.6 Cup-type seals

Cup-type seals, two of which are shown in Figure 7.5,
are used in the cylinders of hydraulic brake systems.
The primary cup fits against the head of the piston, primary secondary
its lip sealing against the cylinder walls. When the cup cup
brakes are applied, pressure in the cylinder forces i piston i
the cup lips against the cylinder walls to form a more

effective seal.

The secondary cup is made in the form of a ring : (
which is fitted into a groove within the piston. The
cup has lips on both its inner and outer edges so

that it seals against both the piston and the walls of  Figure 7.5  Seals used with a hydraulic brak e piston
the cylinder.

7.1.7 Boots

Boots are fitted to various steering, suspension, drive shaft and hydraulic components. They are
designed to either retain fluid or grease within the component or protect it from contaminants such as
dirt or water.

Two different types of boots are found on the steering tie rod. The telescopic boot is fitted between the
end of the steering box and the tie rod. It can expand and contract to accommodate movement of the tie rod
as the vehicle is being steered. The smaller boot on the ball permits joint movement while retaining grease
and excluding dirt and water.

7.2 Servicing oil seals

If a seal is removed, a new one should always be installed. When fitting a seal, ensure that it is not damaged
or distorted by an inappropriate installation method. For example, lip-type seals must have their lips facing
in the right direction, otherwise they will leak.

7.2.1 Removing and replacing seals

Some seals, particularly those with a rubber coating on the outside, can be removed by levering them from
the housing with a screwdriver or pry-bar. Care must be taken to protect the housing from damage.

Figure 7.6 shows a small seal being removed and replaced. The pry-bar is moved around the seal,
levering it from the housing. The new seal is fitted into its bore within the housing. It is then tapped into
place. While doing this, ensure that the seal is being pushed in squarely. Failure to do so could result in
damage to the seal.
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@ (b)

Figure 7.6 A small seal in a housing (a) removal (b) replacement

Larger oil seals

In some instances, tools such as levers and slide hammers are suitable for removing seals. However, due to
factors such as type, location and complexity of the seal, specific tools are often necessary. In most cases, a
kit can be purchased that includes a range of seal removal and replacement tools.

7.2.2 Installing metal-cased seals

When fitting an oil seal to a housing, force must be applied to the outside metal edge. If force is applied
anywhere else, it will distort the case and damage the seal. Wherever available, a special tool should be used
so that force is applied to the correct section.

If such a tool is not available, a suitable piece of tubing could be used. If a drift is used, it should have a
flat end and only be deployed against the outer edge of the seal. Tap the seal alternately on opposite sides
while ma