
1

UNIT 1

                        INTRODUCTION

Introduction of Chassis Frame: Chassis is a French term and was initially 

used to denote the frame parts or Basic Structure of the vehicle. It is the 

back bone of the vehicle. A vehicle with out body is called Chassis. The 

components of the vehicle like Power plant, Transmission System, Axles, 

Wheels and Tyres, Suspension, Controlling Systems like Braking, Steering 

etc., and also electrical system parts are mounted on the Chassis frame. It 

is the main mounting for all the components including the body. So it is 

also called as Carrying Unit.

Layout of Chassis and its main Components:

1



The following main components of the Chassis are

⦁ Frame: it is made up of long two members called side 

members riveted together with the help of number of cross 

members. 

⦁ Engine or Power plant: It provides the source of power 

⦁ Clutch: It connects and disconnects the power from the engine 

fly wheel to the transmission system. 

⦁ Gear Box 
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⦁ U Joint 
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⦁ Propeller Shaft 

⦁ Differential 

FUNCTIONS OF THE CHASSIS FRAME:

⦁ To carry load of the passengers or goods carried in the body. 

⦁ To support the load of the body, engine, gear box etc., 

⦁ To withstand the forces caused due to the sudden braking 

or acceleration 

⦁ To withstand the stresses caused due to the bad road condition. 

⦁ To withstand centrifugal force while cornering 

TYPES OF CHASSIS FRAMES:

There are three types of frames

⦁ Conventional frame 

⦁ Integral frame 

⦁ Semi-integral frame 

⦁ Conventional frame: It has two long side members and 5 to 6 cross 

members joined together with the help of rivets and bolts. The frame 

sections are used generally. 

⦁ Channel Section - Good resistance to bending 

⦁ Tabular Section - Good resistance to Torsion 

c. Box Section - Good resistance to both bending and

Torsion

⦁ Integral Frame: This frame is used now a days in most of the cars. 

There is no frame and all the assembly units are attached to the body. 

All the functions of the frame carried out by the body itself. Due to 

elimination of long frame it is cheaper and due to less weight most 

economical also. Only disadvantage is repairing is difficult. 

⦁ Semi - Integral Frame: In some vehicles half frame is fixed in the front 

end on which engine gear box and front suspension is mounted. It has the 
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advantage when the vehicle is met with accident the front frame can be 

taken easily to replace the damaged chassis frame. This type of frame is 

used in FIAT cars and some of the European and American cars. 

VARIOUS LOADS ACTING ON THE FRAME:

Various loads acting on the frame are

1. Short duration Load -  While crossing a broken patch.

STATE THE DIFFERENT BODIES USED IN AUTOMOBILES:

The Automobile bodies are divided in two groups

Body

Passenger Body Commercial 

bodY
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According to Chassis design the body can divided into

⦁ Conventional Type 

⦁ Integral Type 

⦁ Semi- Integral Type 

According to other usage:

⦁ Light vehicle Bodies - cars, jeeps 

⦁ Heavy vehicle Bodies – Busses, Lorries 

⦁ Medium vehicle Bodies - Vans, Metadoors 
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REQUIREMENTS OF BODIES FOR VARIOUS TYPES OF VECHILE:

The body of the most vehicle should fulfill the following requirements:

⦁ The body should be light. 

⦁ It should have minimum number of components. 

⦁ It should provide sufficient space for passengers and luggage. 

⦁ It should withstand vibrations while in motion. 

⦁ It should offer minimum resistance to air. 

⦁ It should be cheap and easy in manufacturing. 

⦁ It should be attractive in shape and colour. 

⦁ It should have uniformly distributed load. 

⦁ It should have long fatigue life 

⦁ It should provide good vision and ventilation. 

STEERING SYSTEM

Introduction: This system provides the directional change in the movement 

of an Automobile and maintain in a position as per the driver’s decision 

without much strain on him.

REQUIREMENTS OF STEERING SYSTEM:

⦁ It must keep the wheel at all times in to rolling motion with 

out rubbing on the road. 

⦁ This system should associate to control the speed. 

⦁ It must light and stable. 
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⦁ It should also absorb the road shocks. 

⦁ It must easily be operated with less maintenance. 

⦁ It should have self-centering action to some extent. 
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Functions of Steering System:

⦁ It helps in swinging the wheels to the left or right. 

⦁ It helps in turning the vehicle at the will of the driver. 

⦁ It provides directional stability. 

⦁ It is used to minimize the tyre wear and tear. 

⦁ It helps in achieving self-centering efforts. 

⦁ It absorbs major part of the road shocks. 

Main Components of Steering System:
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The following are the main components of steering system are

⦁ Steering Wheel 

⦁ Steering column or shaft 

⦁ Steering Gear 

⦁ Drop Arm or Pitman Arm 

⦁ Drag Link 

⦁ Steering Arm 

⦁ Track-Arms 

⦁ Track Rod or Tie-Rod 
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⦁ Adjusting Screws 

Types of Steering Gear Boxes:

⦁ Worm and Wheel Steering Gear. 

⦁ Worm and Roller Steering Gear. 

⦁ Re-circulating Ball type Steering Gear. 

⦁ Rack and Pinion type Steering Gear. 

⦁ Cam and Roller Gear type Steering Gear. 

⦁ Cam and Peg Steering Gear. 

⦁ Cam and Double lever Steering Gear. 

⦁ Worm and Sector Type Steering Gear. 

Functions of Steering Gear Box:

⦁ It converts the Rotary movement of the steering wheel in to 

the angular turning of the front wheels. 

⦁ It also multiplies drivers efforts and give MEHANICAL 

ADVANTAGE. 

1.Worm and Wheel Type: This type of steering gear has a square cut screw 

threads at the end of the steering column; which forms a worm, at the 

end of it a worm wheel is fitted and works rigidly with it. Generally covered 

shaft is used for the worm wheel. The worm wheel can be turned to a new 

position the drop arm can be readjusted to the correct working position.

2. Re-circulating Ball Type: In this type of gear box the endless chain of 

balls are provided between the worm and nut members. The nut form a 

ring of rack having an axial movement. So that the sector on the rocker 

shaft racks, the balls roll continuously between the worm and nut. Being 

provided with return chambers at the ends of the worm. This method 

reduces friction between worm and nut members. This type of steering 

gear is used for heavy vehicles.
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3. Rack and Pinion Type: This is common manual type of steering gear box 

is used in most of the vehicles. In this type of steering a pinion is provided 

the bottom end of the steering column. The teeth of the pinion wheel in 

mesh with corresponding teeth provided on the rack, the end of which 

are

connected to the stub axle through the rod. The rotating motion of the 

pinion operates the rack in FORE and AFT direction which in turn operates 

the stub axle.

⦁ Cam and Lever Type: The cam and lever steering uses one or two 

lever studs fitted in taper roller bearing. When the worm in the form of 

helical groove rotates the stub axle and it also rotates along with it. This 

imports a turning motion to the drop arm shaft. 

⦁ Worm and Sector Type: In this type the worm on the end of the 

steering shaft meshes with a sector mounted on a sector shaft. When the 

worm is rotated by rotation of the steering wheel, the sector also turn 

rotating the sector shaft. Its motion is transmitted to the wheel through 

the linkage. The sector shaft is attached to the drop arm or pitmen arm. 
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Power Steering: Power steering reduces much strain on the part of the driver 

while negotiating sharp curves. It makes easy to turn sharp corners. It is 

usually

arranged to be operative when the effort of steering wheel exceeds a 

pre-determined value. It is fitted on heavy commercial vehicles and 

medium cars.

Steering Linkages: Steering Linkage is a connection of various links 

between the steering gear box and the front wheels. The motion of the 

pitman arm and steering gear box is transferred so the steering knuckles 

of the front wheels through the steering linkages. The swinging 

movement of the pitman arm from one side to the other side gives 

angular movement to the front wheel through the steering linkages.

Types of steering Linkages:

⦁ Conventional steering Linkage. 

⦁ Direct cross type steering linkage 

⦁ Three piece steering linkage 

⦁ center arm steering linkage 

⦁ Relay type steering linkage. 

Slip Angle: The angle between direction of the motion of the vehicle and 

the center plane of the tyre is known as Slip Angle. It ranges from 8º to 10º.

Under steer: When the front slip angle is greater than that of rear, the 

vehicle tends to steer in the direction of side force. Then it is known as 

under steer. This provides greater driving stability, especially when there is 

a side wind.
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Over Steer: When the rear slip angle is greater than that of front slip 

angle, the vehicle tends to mover away from the direction of center 

path. This is known as over stear. This is advantageous when the vehicle 

moving on the road having many bends curves.

Steering Gear Ratio or Reduction Ratio: It has been defined as the 

“ number of turns on the steering wheel required to produce on turn of 

steering gear cross shaft to which the pitman arm is attached. Generally 

it varies between 14'.1 and 24'.1.

Turning Radius: It is the radius of the circle on which the outside front 

wheels moves when the front wheels are turned to their extreme outer 

position. This radius is 5 to 7.5 m for buses and trucks.

Wheel Alignment: It returns to the positioning of the front wheels and 

steering mechanism that gives the vehicle directional stability, reduce the 

tyre wear to a minimum.

Factors effects the wheel alignment:

⦁ Factors pertaining to wheel:-  a. Balance of wheels(Static and 

Dynamic) 

⦁ Inflation of tyre. 

⦁ Brake adjustments. 

⦁ Steering Linkages. 

⦁ Suspension System 

⦁ Steering Geometry –a. caster b. camber c. king pin inclination d. 

toe-in and toe-out etc., 

Steering Geometry: It refers to the angular relationship between the 

front wheels and parts attached to it and car frame.

The steering Geometry includes

⦁ Caster angle 

⦁ Camber angle 

⦁ King-pin inclination 

⦁ toe-in 

⦁ toe-out etc., 
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Caster Angle: This is the angle between backward or forward tilting of the

king pin from the vertical axis at the top. This is about 2º to 4º. The 

backward tilt is called as positive caster. The forward tilt is called 

negative caster.

Camber: The angle between wheel axis to the vertical line at the 

top is called camber angle. It is approximately ½º to 2º.

King-pin inclination: It is the angle between vertical line to the king pin 

axis. The inclination tends to keep wheels straight ahead and make the 

wheels to get return to the straight position after completion of a turn. The 

inclination is normally kept 7º to 8º.

Toe-in: It is the amount in minimum at the front part of the wheel 

points inwards approximately 3 to 5 mm. It prevents side slipping 
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excessive tyre wear, proper rolling of front wheels and steering 

stability.
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Toe-out: It is the difference in angles between two front wheels and 

vehicle frame during turning. It is used to prevent dragging of tyre during 

turn. Reversible steering: When the deflection of road wheels is transmitted 

through the steering wheel to road surface, the system is called 

Reversible.

If every imperfection of road surface causes the steering to rotate, it 

causes much strain on the part of the driver to control the vehicle. It 

causes much strain on the part of the driver to control the vehicle. There 

fore such of the reversibility is not desired. But, some degree of reversibility 

desired, so that the wheel becomes straight after taking a curve.

Irreversible steering: If the front road wheels does not transfer any 

deflection to the steering which is called irreversible steering. After 

negotiating a curve and the steering wheel not returned easily, there 

causes the production of

un due stresses on the steering mechanism, therefore some 

degree of irreversible also desired.

Steering Mechanism: There are two types of steering gear 

mechanisms 1. Davis Steering gear 2. Ackermann 

Steering gear]

1. Davis Steering Gear: The Davis Steering gear has sliding pair, it has 

more friction than the turning pair, there fore the Davis Steering Gear 

wear out earlier and become inaccurate after certain time. This type is 

mathematically Accurate.

The Davis gear mechanism consists of cross link KL sliding parallel 

to another link AB and is connected to the stub axle of the two front 

wheel by levers ACK and DBK pivoted at A and B respectively. The cross 
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link KL slides in the bearing and cross pins at its ends K and L. The slide 

blocks are pivoted on these pins and move with the turning of bell crank 

levers as the steering wheel is operated. When the vehicle is running 

straight the gear is said to be in its mid-position. The short arms AK and BL 

are inclined an angle 90 t α to their stub axles AC and BD respectively. 

The correct steering depends upon the suitable selection of cross arm 

angle α, and is given by

Tan α = b/2l Where b= AB = distance between the pivots of front 

axle. l=wheel base

2. Ackermann Steering System: It has only turning pair. It is not 

mathematically accurate except in three positions. The track arms are 

made inclined so that if the axles are extended they will meet on the 

longitudinal axis of the car near rear axle. This system is called 

ackermann steering.

STEERING DEFECTS AND THEIR CAUSES AND REMEDIES:

⦁ Wheel wobble: The oscillation of the front wheels at low 

speeds is called wheel wobble. 

Causes Remedies

a.  In Correct Dynamic Balancing a. Correct the wheel balance

of wheels.

b.  Uneven Tyre pressure b.  Check the tyre pressure

c.  The camber may be incorrect or c. Adjust suitably.

uneven

d.  The ball joints may be worn out. d.  Replace with a new one

e. Excessive caster e.  Adjust

f. Steering gear or wheel bearing f. Adjust or Replace

may be loosen.

g.  Tyre may worn unevenly g. Replace
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⦁ High Speed shimmy: The oscillation of the front wheels at high 

speed is called high speed shimmy. 

a.  Wheel Rim may be buckled - Straighten or replace

b.  Front wheel bearing may loose or worn out  - Tighten or Replace

c.  Faulty shock Absorber - Replace

d.  Incorrect toe-in - Adjust

3. Excessive backlash in steering:

a. Steering gear base may be loose -Tighten

b. Drop arm may be loose on splines - Replace

c. Front wheel stub axle bearing loose or worn out-Tighten or Replace

d. Loose steering Linkages - Tighten Properly

⦁ Steering Wander: The moving of Vehicle slightly in one side is 

known as wandering 

a. Tyre pressure in two sides is not equal - Check and correct

b. Steering knuckle bearing tight -Adjust

c. Badly worn Tyre - Replace

d. Incorrect Toe-in - Correct it.

5. Hard Steering: When the effort required for steering is more it is 

called hard steering.

a. Low Tyre pressure - Correct pressure

b. Excessive caster - Adjust

c. Steering gear too tight - Adjust

d. Incorrect wheel Alignment - Adjust

UNIT-II DRIVE LINE
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2.1 Function
The purpose of the drive shaft and universal joints is to transmit the drive from the gearbox to 

the back axle with a smooth transmission of torque even though the gearbox and pinion shaft 

are never in exact alignment.

2.2 Construction
The shaft is a hollow tubular steel unit with a hook joint at each end. The joint consists of two u 

shaped ‘yokes’ which are connected at 90° to each other by a four-legged cross or ‘spider’. 

Needle roller bearing may be used to support the spider legs in the yokes.
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2.3 Operating Principle
When universal joints are used to connect two units (e.g. gearbox and back axle) the driven 

shaft does not rotate with uniform velocity i.e. it does not turn at the same speed during each 

part of a revolution. In one revolution the driven shaft is accelerated twice and decelerated 

twice. This effect being increases as the angularity is increased. These velocity differences can 

be cancelled in the propeller shaft by the use of two correctly aligned joints, the acceleration of 

one being neutralised by the deceleration of the second. A sliding joint is used to allow the drive 

shaft to change its length as it rotates, to compensate for the small backward and forward 

movement of the rear axle caused by the action of the suspension system. It is simply a splined 

tubular portion built onto the forward universal joint and it slides in splines on the gearbox 

mainshaft.
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Two universal joints connected in series

2.4 Propeller-Shaft Vibration
Due to the high speeds the drive shaft reaches, in top gear its R.P.M. is the same as the engine, 

the shaft must be balanced to avoid vibration. If vibrations occur in the drive shaft it may be 

due to worn or broken needle rollers in the universal joint. This may be checked by turning the 

drive shaft by hand to check for free play, a seized joint may not be detected this way so 

removal of the shaft may be necessary for further checks.

Small cars and short vans and trucks are able to use a single propeller shaft with a slip-joint at 

the front end without experiencing any undue vibration. However, with vehicles of longer 

wheelbase, the longer propeller shaft required would tend to sag and under certain operating 

conditions would tend to whirl and then set up sympathetic resonant vibrations in the body of 

the vehicle - that is, cause the body to ‘drum’ or vibrate as the shaft whirls.

Simple one-piece propeller shaft with one slip-joint and two universal joints

2.5 Divided Propeller Shafts and Their Support
Two-piece drive-lines, with two shafts and an intermediate support bearing are generally used 

on trucks with wheel bases from 3.4 to 4.8 m, but there is some overlap depending on the 
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vehicle’s work role.

Two-piece drive-line with single intermediate support bearing

The two-piece propeller shaft has three universal joints, and the primary propeller shaft is of 

the fixed-joints-and-tube-assembly type, but the secondary propeller shaft has a slip-joint at the 

support-bearing end to accommodate any elongation due to suspension movement. Usually the 

primary shaft is in line with the gearbox mainshaft axis, but the secondary propeller shaft is 

inclined slightly so that it intersects the rear-axle final-drive pinion shaft.
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Three-piece drive-line with two intermediate support bearings

For vehicles with wheelbases over 4.8 m, a three-piece drive-line with two intermediate 

support bearings may be necessary. There are four universal-joints, and it can be seen that the 

intermediate shaft lies parallel to the output shaft of the gearbox. Again only the rear propeller 

shaft incorporates a slip-joint to compensate for shaft length change.

2.6 Intermediate Propeller-Shaft Support Bearings
Intermediate propeller-shaft bearing-and-mount assemblies are provided to position and 

support the divided or split propeller shafts. The support-bearing assemblies are of two basic 

types:

⦁ self-aligning bearing supports,

⦁ flexible-mounted bearing supports.

Self-aligning intermediate-bearing supports have mostly been used on heavy-duty trucks. One 

type of self-aligning bearing support is a double-row ball-bearing with a deep-grooved inner 

race and an internally semicircular outer race—Fig (a). With this arrangement, any shaft 

deflection is accommodated by the inner race and balls tilting about the fixed outer-race 

spherical seat.

Divided propeller shaft support-bearing assemblies
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Commercial vehicle double-row self-alignment bearing support
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A second method of providing self-alignment for the split shafts is achieved by a single-row 

deep-grooved ball-bearing with a spherical profile on the periphery of the outer races. The ball 

race is then received in a steel support ring which has an internal profile to match the outside of 

the bearing—Fig. (b). If there is any misalignment in service, relative movement of the bearing 

and the ring can take place without imposing strains on the bearing assembly. Both 

arrangements discussed need to be lubricated periodically and oil-seals are provided to retain 

the grease and keep dirt out of the bearing tracks.

Commercial vehicle single-row self-alignment outer bearing race

Flexible-mounted intermediate-bearing supports for divided shafts 

may be used for both light and heavy vehicles. All these types tend to have a single-row deep-

grooved ball-bearing which fits directly over one of the divided shafts and surrounding this 

bearing is a rubber member which is enclosed in a steel frame. The intermediate shafts are then 

given support by bolting this assembly to the chassis or body shell. This rubber mounting 

provides a flexible support for the bearing so that a slight tilt of the shaft can be 

accommodated. In addition, the flexible rubber acts as a vibration damper and isolates any 
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propeller-shaft vibrations from the body members.

For extra-heavy duty, a solid rubber ring block fitting over a bearing hub, may be used—Fig. (c). 

It can be seen that the inner bearing race is held in position by the universal-joint flange and 

that the outer bearing race is located by a shimmed sleeve. Regular lubrication is necessary with 

this assembly. Most light-and heavy-duty intermediate-bearing assemblies now use pre-greased 

and sealed-for-life deep-groove bearings.

Heavy-duty rubber block bearing mount

3.0 Drive Arrangement

3.1 Rear-Wheel Drive
Torque reaction—‘To every action there is an equal and opposite reaction.’ This statement 

means that every component that produces or changes a torque will also exert an equal and 

opposite torque tending to turn the casing. For example, when the engine crankshaft exerts a 

torque in a clockwise direction, the cylinder block will tend to rotate in an anticlockwise 

direction.

A further example of torque reaction is shown in which a tractor with its rear driving wheels 

locked in a ditch. In this situation the driver must be careful, because torque reaction is likely to 

lift the front of the tractor rather than turn the rear wheels.
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Lever action of wheel

When the law stated above is applied to rear axles, you will see that some arrangement must 

be provided to prevent the axle casing turning in the opposite direction to the driving wheels.
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3.2 Hotchkiss Open-Type Drive
Two rear leaf springs, longitudinally mounted, are connected to the frame by a ‘fixed’ pivot at 

the front, and swinging shackles at the rear. At each end of the exposed or ‘open’ type propeller 

shaft is fitted a universal joint, with provision made for alteration in shaft length, which occurs 

when the springs are deflected.

Torque reaction is resisted by clamping the axle to the springs by means of ‘U’ bolts. Under 

heavy driving conditions the springs will deflect up at the front and down at the rear, and vice 

versa during braking.
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Hotshkiss drive and suspension
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3.3 Constant Velocity Joint
Vehicles with front wheel drive require a special universal joint to maintain torque at the wheel 

whilst turning a corner. The joint is called a constant velocity joint. This joint does not have the 

disadvantage of the Hookes type joint where two joints are necessary to maintain uniform 

velocity. In this joint a mechanism is incorporated between the “yokes” which automatically 

align itself when the angle is formed by the two shafts. The alignment may be obtained through 

the movement of steel balls in grooves or through the deflection of rubber components - these 

deflections neutralising the velocity variation.

‘Tracta’ type constant-velocity universal joint fitted to a front wheel drive axle
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UNIT-3 AXLES

Wheels and Rims Explained

3.1 Wheels
Wheels must be strong enough to support the vehicle, and withstand the forces caused by 

normal operation. At the same time, they must be as light as possible, to help keep un-sprung 

weight to a minimum.

Wheels can be made from cast aluminium alloy. Alloy wheels are popular because of their 

appearance and because they are lighter than similar steel wheels. Aluminium is a better 

conductor of heat, so alloy wheels can dissipate heat from brakes and tyres more effectively 

than steel ones. These are often called mag or magnesium wheels, but wheels made of 

magnesium are rarely used on road vehicles. Most wheels have ventilation holes in the flange, 

so air can circulate to the brakes. Most passenger car wheels are of well, or drop-centre design. 

This design allows for tyre removal and fitting.
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3.2 Types of Wheels
Passenger cars normally use rims which are of well based, or drop-centre design. The drop 

enter is used for mounting and demounting the tyre onto the rim.Wheels must be strong 

enough to carry the mass of the vehicle, and withstand the forces that are generated during 

use. The wheel centre must accurately locate the wheel rim centrally on the axle. It must also 

provide the required distance from the centreline of the wheel, to the face of the mounting 

flange.

This is called offset. Offset is important because it brings the tyre centreline into close 

alignment with the larger inner hub bearing, and reduces load on the stub axle. This allows the 

inside of the wheel centre to be shaped to provide space for the brake assembly, usually 

located inside the wheel. Ventilation slots allow air to circulate around the brakes. The rim must 

be accurately shaped, and dimensioned, and strong enough to support the tyre under the load 

of the vehicle and the forces generated by the motion of the vehicle.

When inflated, the tyre is locked to the rim by tapering the bead seat towards the flange, or by 

safety ridges or humps, close to the flange. In the event of sudden deflation, or blow-out, safety 

ridges prevent the tyre moving down into the well. This helps maintain control of the vehicle 

while it is being braked. Well-based rims can also be used on heavy commercial vehicles for 

tubeless tyres.
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3.3 Rim Sizes & Designations
To ensure correct fit between a tyre and rim, all manufacturers of wheels and tyres comply with 

standard dimensions, as recommended by automotive manufactures. The width of the rim is 

the distance across the rim flanges, at the bead seat. Its diameter is the distance across the 

centre of the rim from bead seat to bead seat.

The shape of well-based rims is provided by a letter code, such as J, K, JJ, and KK. The width of 

the rim and the diameter is traditionally stated in inches. A rim designated 7 JJ by 14 would 

refer to a rim measuring 7 inches across the rim flanges, and 14 inches in diameter from bead 

seat to bead seat, with the profile conforming to a JJ code.

The rim width and diameter can also be stated in millimetres. Metric rims are not 

interchangeable with Imperial rims.

The tyre must be an exact fit on the rim, to fulfil a number of functions:

⦁ It ensures that the narrow contact area between the beads of the tyre and the rim will 

seal the air in a tubeless tyre.

⦁ It transfers all the forces between the tyre and the wheel, without slipping or chafing.

⦁ It ensures the friction between the tyre and the rim prevents the tyre turning on the 

rim.
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Rim construction

In order to carry heavy loads the side walls of the tyres must be very stiff and therefore very 

strong. This means that it would be difficult to remove the tyre by levering the bead over the 

flange. To overcome this, various types of rim construction are used. Wheel sizes are dependent 

upon the carrying capacity of the vehicle. The size is measured as a diameter across the wheel 

from rim to rim the most common being 50 cm (20 in) for heavy vehicles. A one-piece rim is 

generally used only on the smaller commercial vehicle but when tubeless tyres are fitted one-

piece rims with a deep centre well are used on heavy goods and passenger vehicles.
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3.4 Types of Wheel Fixings

British Standard

Wheel nuts: CONICAL taper 

Stud holes: CONICAL 

countersink.

Location: By nuts seating in 

stud hole countersink. In most 

cases single wheels held flat 

onto hub. Inner twins on 

conical shoulder clear of hub.

Continental (DIN) 
Standard

Wheel nuts: Plain used with 

SPHERICAL split washer.

Stud holes: SPHERICAL 

countersink.

Location: By nuts seating in 

stud hole countersunk. Both 

single and inner twin wheels 

held flat onto hub but inner 

twin partly located by 

spherical shoulder.

Spigot

38



Wheel nuts: Plain with FLAT 

integral washer.

Stud holes: Plain—no 

countersink.

Location: Close fit of 

centrebore on spigot. Both 

single and inner twin wheels 

held flat onto hub.

3.5 Tyre maintenance

Wheel mounting

The standard disc wheels have countersunk stud holes, and they are carried on the conical or 

spherical faces of the studs and nuts, but are not supported

by the hub spigot which is smaller in diameter than the wheel bore. 

It is most important that during fitting the wheels should be centred correctly to avoid -

overstrained or fractured studs, distortion of wheels, hub flanges and brake drums, loose 

wheels and elongated stud holes. 

The vehicle must be jacked up so that the tyre is clear of the ground, push the wheel home on 

the studs and screw all the nuts lightly. One nut must never be screwed fully home while the 

others are still loose. The final tightening must be gradual and progressive by giving a short turn 

at a time to each nut in the sequence shown below, then torqued to manufacturers’ 

specifications.
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4.0 Tyre Construction and Design

4.1 Tyre Types
The tyre provides a cushion between the vehicle and the road to reduce the transmission of 

road shocks. It also provides friction to allow the vehicle perform its normal operations. Modern 

tyres are manufactured from a range of materials. The rubber is mainly synthetic. Two types of 

tyre construction are common – cross-ply and radial. Most passenger cars now use radial tyres, 

as do most 4-wheel-drives and heavy vehicles. Tube tyres require an inner tube to seal the air 

inside the tyre. 

Tubeless tyres eliminate the inner tube by making the complete wheel and tyre assembly air-

tight. A special, air-tight valve assembly is needed. This can be a tight fit into the rim, or it can 

be held with a nut and sealing washers.

Tyres can be identified by markings on the sidewalls. This typically includes the maker’s name, 

the rim size, the type of tyre construction, aspect ratio, maximum load and speed, and, in some 

cases, intended use. Regulations cover the allowable dimensions for wheels and tyres on a 

particular vehicle. These dimensions are usually set out on the tyre spec attached to the vehicle. 

Incorrectly selected wheels and tyres can overload wheel bearings and change steering 

characteristics.

The tyre chart lists the wheel and tyre sizes approved by the manufacturer for the vehicle.

4.0 Cornering
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As the vehicle turns a corner, the inner wheel moves through a smaller distance than the outer, 

the wheels will take the same time to turn the corner so the outer wheel must move faster to 

cover the greater distance. If a differential was not employed a lot of tyre scrubbing would take 

place and the vehicle would be hard to control.

In the differential assembly the difference in road resistance on each side of the vehicle causes 

the sun wheel to rotate the planet gears which increases the speed of the outer wheel, 

decreases the speed of the inner wheel at the same proportion, while maintaining an equal 

torque at both wheels.

Note: Unequal rear tyre pressure, bad road conditions also brings in the differential assembly 

into operation.

5.0 Rear Axle
The rear axle is where the final increase in torque and decrease in engine speed takes place. 

Because of the large-diameter wheels required to carry the heavy loads, a very high torque is 

required at the end of the half shaft to turn the wheels and propel the vehicle. The axle casing is 

usually a banjo-type casting with support bearings for the rear wheels at each end and a 

detachable casting which houses the differential gears and crown wheel assembly.
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On light commercial vehicles, a conventional spiral bevel of hypoid-type rear axle construction 

is used. As the load-carrying capacity of the vehicle increases, the axle ratio also has to be 

increased to give the required torque at the rear wheels. When this ratio reaches approximately 

8:1 the single bevel gear axle gives way to a worm and wheel arrangement or uses a double 

reduction arrangement to give the desired ratio within creased strength.

6.0 Half Shafts
Three main methods are used to support the half shafts in the rear axle case. In all of them the 

inner ends of the shafts are splined into and supported by the sun wheels of the differential 

assembly. The differences lie in the arrangement of the hub bearing in relation to both the case 

and the shaft and in the forces or loads imposed upon the shaft itself.

7.0 Semi-Floating
The hub and the half shaft are, in effect, a one piece unit although they may in fact be splined or 

fitted together by means of a taper, key and lock nut. The bearing is carried on the shaft and is 

located by a nut or a sleeve. The outer track of the bearing is fitted into a recess in the axle case 

and is located by a retainer plate bolted to the end flange of the axle case. This bearing is 

usually sealed on one side to prevent excess lubricant ruining the brake lining.
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Forces acting on the half shaft:

⦁ Shear force due to the weight of the vehicle.

⦁ Bending force due to the weight of the vehicle.

⦁ Torsional or twisting forces due to the driving and braking force.

⦁ Side thrusts as the vehicle turns.

8.0 Three-Quarter Floating
The bearing is mounted on the casing and is held against a shoulder by a locknut and tab 

washer. The hub is made in two parts, the inner part fitting over the bearing and also enclosing 

a spring loaded oil seal. The outer part may be integral with the half shaft, be splined and 

interference fit upon it or be secured to the shaft by a taper, key and locknut. The brake drum 

may be integral with the hub outer half or secured to it by counter sunkheaded screws. The 

back plate mounting flange is nearer to the centre of the axle than the semi-floating design. This 

design is mainly on light commercial vehicles.

Forces acting on the half shaft:

⦁ Bending force due to side thrust when cornering.

⦁ Torsional (twisting) forces due to the driving and braking thrusts.

9.0 Fully Floating
This design is mainly used on heavy commercial vehicles. The hub is a heavy forging or casting 

of steel and is carried on the axle case by two heavy duty opposed taper roller bearings. The 

tracks of these bearings are located by shoulder and a locknut and are adjustable. The hub drive 

plate is integral with the shaft and is secured to the hub by radially arranged set bolts, a gasket 

fitted between the two. A spring loaded oil seal is fitted into the inner side of the hub near the 
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back plate flange. The half shaft may be removed without removing the wheel.
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Forces acting on the half shaft:

Torsional (twisting) forces due to the driving and braking thrusts.

Note: In all of the designs described the breaking of a half shaft will result in the loss of driving 

torque due to the action of the differential unit.
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10.0Front-Wheel Drive

Transverse engine layout

The transversely mounted engine is bolted to a unit called a transaxle. This unit gets its name 

from the two words transmission (a term used in America for gearbox) and axle. In the past the 

general term ‘rear axle’ often applied to the gearing as well as the axle casing, but nowadays 

the various drive arrangements make it necessary to restrict the use of the name ‘rear axle’ to 

the member which performs the axle duty. The two main components inside the axle of a rear-
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wheel drive vehicle are the final drive, e.g. crown wheel and pinion, and the differential.

49



The four-speed gearbox has two shafts: an input shaft splined to the clutch and a mainshaft 

connected to the final drive pinion. A bevel gear final drive is necessary when the engine is 

mounted longitudinally but in the layout shown, the engine position allows the use of normal 

helical gears. Drive from the final drive is transmitted through the differential to the two drive 

shafts. Speed variation due to drive shaft angularity is prevented by using constant velocity 

universal joints at each end; the inboard joint at each side being of the plunge type.

During acceleration, or at times when the engine is used as a brake, torque reaction tends to 

make the engine rotate about the crankshaft, so suitably spaced engine mountings are fitted to 

resist this movement.

Driving thrust and braking torque are taken by the suspension members, in particular the tie bar 

fitted from the track control arm to the body.
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UNIT-IV

SUSPENSION SYSTEM:

Introduction: The automobile frame and body are mounted on the front 

and rear axle not directly but through the springs and shock absorbers. 

The assembly of parts, which perform the isolation of parts from the road 

shocks, may be in the forms of bounce, pitch and roll is called suspension 

system. Functions of suspension system:

⦁ It prevents the vehicle body and frame from road shocks. 

⦁ It gives stability of the vehicle. 

⦁ It safeguards the passengers and goods from road shocks. 

⦁ It gives the good road holding while driving, cornering and 
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braking. 

⦁ It gives cushioning effect. 

⦁ It provides comfort. 

Requirements of suspension system:

⦁ There should be minimum deflection. 

⦁ It should be of low initial cost. 

⦁ It should be of minimum weight. 

⦁ It should have low maintenance and low operating cost. 

⦁ It should have minimum tyre wear. 

Components of Suspension system: Coil springs, Leaf springs, 

shock absorbers, Spring shackles, stabilizer

Independent suspension system: The independent suspension system 

means any arrangement that connects road wheels to the frame in which 

raise or fall of the wheel has no direct effect on the other wheel. It 

eliminates wheel wobbling.

Advantages:  1. It provides softer suspension.

⦁ It reduces wheel wobbling 

⦁ It reduces the tendency of fitting of the wheel on one side 

due to road vibration 

⦁ It provides more space for engine accommodation. 

⦁ It promotes under steer which results low un sprung weight. 

⦁ The movement of the spring on one wheel is not 

transmitted to the other wheel. 

Sprung Weight: It is weight of all the parts supported by the spring 

including weight of the spring.

Chapter 4 SUSPENSION  SYSTEM 29

Un sprung weight: It is the weight of all the parts between the spring and 

rod and the portion of spring weight it self.

Basic suspension movements:

⦁ Bouncing: The vertical movement of the complete body. 
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⦁ Pitching: The rotating movement of all the parts between the 

spring and road and the portion of spring weight itself. 

⦁ Rolling: The movement about longitudinal axis produced by 

the centrifugal force during cornering. 

Types of front Independent suspension system: There are three types:

⦁ Wish bone Type 

⦁ Vertical guide type 

⦁ Trailing Link Type 

Wish bone Type of Front Independent suspension system:

In this type of suspension system coil springs are mostly used 

between the two suspension arms and are controlled with frame and at 

the open ends of the upper and lower wishbones which are connected to 

the chassis frame. The upper arm is shorter than lower one. This keeps the 

wheel track constant. The closed ends of the both arms are connected 

with steering knuckle, supported by means of kingpin. A coil spring is 

placed in between the lower suspension arm and frame.

Types of suspension springs:

1.Steel Springs  : a. Leaf Springs

b. Coil Springs

c. Torsion bar Springs

2.Rubber Springs: a. Compression Springs

b. Progressive Springs

3.Plastic Srings

4.Air Springs: a. Bellow Type

5.Hydraulic Type b. Pestoon Type

Construction and working of Leaf Springs:
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Leaf springs are formed by bending. They are made of long strips of 

steel. Each strip is named as Leaf. The long leaf is called Master Leaf, and 

it consists of eyes at its both ends. One end is fixed to the chassis frame, 

the other end is fixed to the shackle spring. The spring will get elongated 

during expansion and shortened during compression. This change in 

length of spring is compensated by the shackle. The U-bolt and clamps 

are located at the intermediate position of the spring. The bronze or 

rubber bushes are provided on both eyes on the master leaf.

Types of Leaf Springs: There are five types of leaf springs

⦁ Full – elliptic type 

⦁ Semi – elliptic type 

⦁ Three Quarter – elliptic type 

⦁ Transverse Spring type 

⦁ Helper Spring type 

⦁ Full elliptic : 

The advantage of this type is the elimination of shackle and spring. 

The lubrication and wear frequently which are on of the main draw 

back of this type of springs.

2. Semi – elliptic :
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This type is more popular for rear suspension are used in 75% of cars.

3. Three – Quarter – elliptic type:

This type is rarely used in now-a-days. It gives resistance, but 

occupies more space than other types.

4. Transverse Type:

This type of spring is arrange transversely across the car instead of 

longitudinal direction. The transverse spring for front axle as shown in figure,

1. Mechanical.

2. Hydraulic –

which is bolted rigidly to the frame at the center and attached to the axle 

by means of shackle at both ends.

5. Helper Springs:

The helper springs are used in heavy vehicles for rear suspension. 

When vehicle fully loaded the main sp[ring as well as helper spring to come 

in action and absorb the road shocks. When the load of the vehicle is less 

the helper spring will not act and the main spring only absorb the road 

shocks.

Need of Shock Absorber: If the suspension springs are rigid enough, they 

will not absorb road shocks efficiently, and if they are flexible enough, 

they will continue to vibrate for longer time even after the bump has 

passed. Therefore, the springing device must be compromise flexibility 

and stiffness a shock absorber needed in Automobile Suspension system.

Types of Shock Absorbers: They are mainly two types

a. Van type

b. Piston – i )Single Acting ii). Double 
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Acting c. Telescopic type

Construction and Working of Single acting Telescopic hydraulic 

shock absorbers:
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The telescopic shock absorber consists of a cylinder to which a 

head is welded to screwed to the outer tube. The space between outer 

and inner tube is called reservoir. A pressed steel cap and axle eye by 

means of which cylinder is screwed to the axle are welded to the outer 

tube. A piston slides inside the cylinder and screwed to the piston rod at 
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which its upper end of chassis eye, it is attached to the frame of the 

vehicle. The part of the piston rod that is outside of the cylinder is 

protected by a cover which is welded to the chassis eye. A piston rod 

gland packing prevent the leakage, when the piston passes through the 

head and any fluid is trapped by it is supplied to the reservoir through 

drain hole.

Working: If the axle eye moves upwards then the fluid must be displaced 

from the bottom. Top side of the bottom side fluid through the outer ring of 

the piston by lifting the non return valve. But since the increase in the 

volume of upper end of the cylinder is less than the volume of the lower 

end. Fluid will also displaced through the inner ring of holes of non return 

valve of foot valve, and the level at the fluid will raise in the reservoir. The 

pressure setup will depend on the size of hole in the piston and Foot valve 

and the squire of the speed of which the cylinder is moved.

For downward motion of the cylinder the fluid will be displaced 

form the upper end of the piston. In the leaver end through the inner ring 

of hole of non return valve in the piston. The fluid will also be draw in the 

lower end of the cylinder from the reservoir to the outer ring of hole of non 

return valve of the foot valve.

Fig of shock absorber

Stabilizer Bar:

Stabilizer is necessarily used in all independent front suspension. It 

reduces tendency of the vehicle to roll on either side when taking a turn. 

It is simply a bar of alloy steel with arms at each end connected to the 

lower wish bone of the independent suspension system. It is supported in 

bush bearings fixed the frame and is parallel to cross member. When both 

the wheels deflect up or down by the same amount, the stabilizer bar 

simple turns in the bearings. When only one wheel deflects, then only one 

end of the stabilizer moves, thus it acts as a spring between two sides of 

the independent front suspension.

Torsion Bar

Torsion bar suspension is used in independent suspension system. It 

is a rod acting in torsion and taking shear stresses only. It is made up of 

heat treated alloy spring steel. This bar stores amount of energy nearly as 

same as coil spring.
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The bar is fixed at one end to the fr4ame, while the other end is 

fixed to the end of the wheel arm and supported in the bearing. The 

other end of the wheel arm connected to the wheel hub. When the 

wheel strikes a bump, it starts vibrating up and down, thus exerting torque 

on the torsion bar which acts as a spring.

UNIT-V

BRAKING SYSTEM:

INTRODUCTION:

Braking is the mechanism in the motor vehicle which is used

to slowing down and stopping the vehicle to rest in the shortest possible

distance.

Principle of Braking system: While operating the braking system the KINETIC

ENERGY of moving vehicle is converted in to HEAT ENERGY.

Functions of Brakes: Brakes have the following functions.

1.It is used to stop the vehicle.

2.It is used to control the speed where and when required.

3.It is used to control the vehicle while descending along the slope.

4.To park the vehicle and held it in stationary position without the 

presence of Driver.
Requirements of Automobile Brakes:
1.It should work efficiently irrespective of road condition and 

quality. 2.The retardation must be uniform throughout its 

application.

3.The pedal effort must be within the convenient capacity of the 

driver. 4.It must be reliable and should not be effected by heat water 

and dust. 5.It should be in minimum weight.

6.It should have long life.

7.It should be easy to maintain and 

adjust. 8.Noise and vibrations are to be 

minimum.

9.There should be provision for secondary brake or parking brake.

Stopping distance and Braking efficiency:
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For practical measure for braking efficiency that of the 

minimum distance in which it can be brought in to rest after the brake is 

applied.

The stopping distance depends upon 

1.Grip between the tyre and road 

surface. 2.Tyre tread condition.

3.Tyre inflation.

4.Nature of road surface.

The stopping distance is calculated by 

D=

kv
2

Where d=stopping distance in kilometers.

K=Constant depending upon the road and tyre 

inflation. V=velocity of the vehicle per hour.

The value of k is 1/25 for 4 wheel braking system. 

1/12 for 2 wheel braking system.

The braking efficiency is calculated by the equation:

η=V2/3D where v=velocity of the vehicle

d=stopping distance.

Condition of Brake Braking efficiency in %

1.Perfect 90%

2.Excellent 77%

3.Good 70%

4.Fair 60%

5.Poor 50%

6.Bad 37%

7.Very bad 30%

Below Fair is very danger.
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Classification of Brakes: The following are the classifications of Brakes:

1.By method of power

⦁ Mechanical brakes 

⦁ Hydraulic brakes 

⦁ Vacuum brakes 

⦁ Air brakes 

⦁ Electrical brakes 

⦁ Magnetic brakes 

⦁ Air assisted hydraulic brakes 

2.By method of application:

⦁ Service or foot brakes 

b)Parking or hand brakes 

3.By method of operation: 

⦁ Manual 

⦁ Servo 

⦁ Power operation 

⦁ By method of Braking contact 

a. Internal Expanding Brakes 

⦁ External Contracting Brakes. 

⦁ By Method of Applying Brake force: 

⦁ Single Acting Brakes. 

⦁ Double Acting Brakes. 

Types of Mechanical Brakes:

⦁ Drum Brakes (Internal Expanding or External Contracting) 

⦁ Disc Brakes (Single or Two caliper) 
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Drum Brakes:

Construction: The main components of drum brakes are

⦁ Brake drum 

⦁ Back plate 

⦁ Brake shoes 

⦁ Brake Liners 

⦁ Retaining Springs 

⦁ Cam 

⦁ Brake Linkages 

In this system the wheel is attached to drum. There are brake shoes used 

to contact the rotating drum for braking operation. The shoes provide 

lining on their outer surface. The cam is used to lift the brake shoes at one 

end, other end is connected by some method so as to make as the brake 

sleeve come into contact in the brake drum. The retaining spring is 

provided for bringing the brake shoes back to its original position, after 

releasing the brake pedal. All these parts are fitted in the back plate and 

enclosed with brake drum. This system .

Working: When the pedal is pressed the cam moves the shoes outwards 

through linkages, there by coming in frictional contact with the rotating 

drum. As soon as the brake pedal is released the retaining springs help the 

brake shoes to brought back and release the brakes.

⦁ Disc brakes:  There are two types of disc brakes: 

⦁ Spot Type 

⦁ Swinging Caliper Type 

⦁ Sliding caliper type 

⦁ Clutch Type 

Construction: The discs are made of gray cast Iron. The brake 

pressure in case of disc brakes have to be much lighter than the 

drum brakes.

It consists of rotating disc and two friction pads which are actuated 
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by the four hydraulic wheel pistons contain in two halves of an assembly is 

called a caliper. The caliper assembly is secured to the steering knuckle in 

a front wheel brakes. The road wheel is fashioned to the outer surface of 

the disc. The friction pads rides freely on each side of the discs. They are in 

position being the hydraulic systems.

Working:

When the brakes is applied hydraulic pressure is supply to the fluid 

inlet tube, due to which the wheel cylinder piston force the friction pads 

against the rotating disc. In the released piston, the spring hold the piston 

pads so that they maintain contact with disc surface.

Construction and Working of Hydraulic systems:

Hydraulic brakes make used of hydraulic pressure to force brake 

shoes out words against the brake drum based on PASCAL’S LAW.

Construction: The main components of the 

system is 1. Master Cylinder 2. Wheel 

Cylinder
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The figure shows the master cylinder is connected by tubing to 

the wheel cylinder, at each of the four wheels. The system is filled with 

the liquid under light pressure when the brake is not in operation. The 

brake fluid generally a mixture of glycerin and alcohol or caster oil, 

denatured alcohol and some additives.

The brakes shoes which are mounted on the inner side of the brake 

drum and do not rotate. The brake liners are fitted on the outer surface of 

the

brake shoes. The brake pedal is connected to the master cylinder 

piston by means of a piston rod.

Working: When the brake pedal is pressed the piston is forced in to 

the master cylinder, the hydraulic pressure is applied equally to all 

wheel cylinders. The pistons in the wheel cylinders pushed outwards 

against the brake drum.

When the driver release the brake pedal, the piston in the master 

cylinder returns back to its original position due to the return spring 

pressure. Thus the pistons in the wheel cylinder come back in its original 

inward position. Thus the brakes are released

Construction and working of Master Cylinder
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Master Cylinder: The Master Cylinder is the heart of the hydraulic brake

system. It consists of two main chambers. The fluid reservoir which 

contains the fluid to supply to the brake system, and the compression 

chamber in which the piston operates. The reservoir supplies fluid to the 

brake system through two ports. The larger port is called the filler or intake 

part and is connected to the hollow portion of the piston between the 

primary and secondary cups which act as piston seals. The smaller port is 

called the relief, bypass or compensating port which connects the 

reservoir directly with the cylinder and lines when the piston is in the 

released position.

When the brake pedal is depressed, the master cylinder piston 

moves forward to force the liquid under pressure into the system. The 

relief port is sealed out of the system. The liquid pressure is conducted to 

the wheel cylinders, where it forces the wheel cylinder pistons out 

wards. These pistons force the brake shoes out against the brake drums.

When brake pedal is released, the return spring quickly forces the 

master cylinder piston back against the piston stop. Because the fluid in the 

lines returns rather slowly, a vacuum tends to form in the cylinder in front of 

the piston. This causes the primary cup to collapse to allow the liquid to 

flow from the reservoir through the filter port past the piston to fill the 

vacuum.

Construction and working of Wheel Cylinder
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WHEEL CYLINDER: Wheel cylinder is the second important hydraulic brake

system. It consists of two pistons which can move in opposite directions by 

the fluid pressure. It is rigidly mounted on the brake shield or backing 

plate. The boots protect the cylinders from foreign substances. Bleeder 

valves are provided in the cylinder to permit air and liquid to be pumped 

out of the system during of the bleeding operation .

Piston cup fits tightly in the cylinder against each piston and seal 

the mechanism against leakage of the brake fluid. A Spring serves to 

hold the cups against the piston when the pressure is decreased.

When the brakes are applied the brake fluid enters the cylinder 

from a brake line connection inlet between the two pistons. It causes to 

force out the two pistons in opposite directions. This motion is transmitted 

to the brake shoe. Directly or through links force them against the brake 

drum, thus applying the brake.

Construction and working of Tandem master Cylinder

In this master cylinder there are two pistons in the and 

hydraulic pressure developed in two chambers one for the front left, 

and rear right brakes and other for the front right and rear left brakes.

In tandem master cylinder one cylinder operates the front brakes 

while the other cylinder operates the rear brakes.

Construction and working of Air Brake System:

The air brake system consists of two-stage air-compressor driven by 

the crankshaft or gearbox shaft. It takes air from atmosphere, compresses 

it and delivers to the air reservoir through un-loader valve. Where the 

pressure of the reservoir reaches the maximum degree, the un- loader 

valve opens to the atmosphere. Then the compressed air is directed in to 

the atmosphere directly.

Each of the four wheels fitted with brake chambers consists of a 

diaphragm, and which the air pressure is applied and pushes it. This force 

operates the cam actuating lever and applies the brake. Each of the 
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brake chamber is connected to the brake pedal, and air filter is also 

fitted between the brake valve and reservoir.

Working: When the brake pedal is pushed the brake valve opens and 

compressed air is allowed in to the brake chamber. The brake valve 

consists of three passages.

1. Air intake  2. Exhaust  3.  Brake chamber

When the brake pedal is pressed the exhaust passage will be 

closed and Air intake passage open and compressed air goes back to 

the chamber. During return stroke the exhaust passage opens while intake 

closes and used air goes to the atmosphere. This system fitted with an 

emergency mechanical brake, which can be used when air supply fails 

the air brake system, which is called air assisted hydraulic braking system.
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Advantages:

⦁ This system used in heavy vehicles because they are more 

powerful than hydraulic or mechanical brakes. 

26 Automobile Chassis And Body Engineering.doc Chapter 3

⦁ It simplifies the chassis design 

⦁ The compressed air is used for purposes like tyre inflation; for 

horn, windscreen wiper etc. 

Disadvantage:

If there is any leakage in passage the entire system will be 

fail. Therefore sealing of air is very difficult.
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