


UNIT – IV STEERING, BRAKES AND SUSPENSION SYSTEMS

Steering geometry

Types of steering gear box

Power Steering, Types of Front Axle

Types of Suspension Systems

Pneumatic Braking Systems

Hydraulic Braking Systems

Antilock Braking System (ABS)

Electronic brake force distribution (EBD) and

Traction Control.





MAIN PARTS

HUB (BRAKE DRUM)

DISC (BODY)

RIM

SPOKES































1. Worm and sector steering gear box

2. Worm and roller steering gear box

3. Worm and wheel steering gear box

4. Worm and nut steering gear box

5. Cam and double lever steering gear box

6. Cam and roller steering gear box

7. Cam and peg steering gear box

8. Recirculating ball steering gear box

9. Rack and pinion steering gear box.



MAIN COMPONENTS:

Steering wheel

Steering inner column

Worm gear

Sector

Sector (or) cross shaft

Casing

Bearings



The worm of the steering shaft meshes with a sector 

mounted on a sector shaft.

When the worm is rotated by the steering wheel, the 

sector also turns & rotating the sector shaft.

The Motion is transmitted to the wheel through the 

linkage.



MAIN COMPONENTS:

Steering wheel

Steering inner column

Worm gear

Roller

Sector (or) Drop arm shaft

Casing

Bearings



A roller meshes with the threads of the worm gear, 

at the end of the steering shaft.

The two toothed roller is fastened to the sector shaft.

When the worm gear is turned, it causes the roller to 

move & rotate the roller shaft.





 Large amount of torque is required to be applied by the driver 

for steering of light, medium and heavy vehicles.

 The power steering system provides automatic hydraulic 

assistance to the turning effort applied to the manual steering 

system.

 If the power steering system failure, then the driver is able to 

steer the vehicle manually.

 The power steering systems are operated by fluid under 

pressure.

 The fluid usually used are oils of viscosity rating (SAE 5W or 

SAE 10W).

 The principle of working of all the power steering system is 

same.



1. The Integral type power steering

2. The Linkage type power steering

Types of Power Steering System



1. The Integral type 

power steering



Main Components

1. Worm and nut ball bearing

2. Reservoir

3. Pump with check valve

4. Valve spool with steering wheel

5. Piston with cylinder arrangement

6. Plunger with spring

7. Thrust bearing

8. Steering fluid

Here, A, B, C-Cross sections, & X, Y-Connecting lines



When the vehicle is going straight, the oil (fluid) flows from the 

pump, through the opening at B, centre of the spool valve, and 

cross section (A, C) then the fluid flows to the reservoir.

 It also flows into the connecting lines (X, Y) on both sides of 

piston cylinder arrangement to act as a lubricant and to cushion the 

road shocks.

 The figure shows and explain the vehicle straight position.



 When the vehicle has to take left turn, the spool valves are going to right side with the 

arrangement of the thread method.

 Now the spool „L‟ fully closes the cross section A,

centre spool move to right side and block the right side cross section B &

spool „R‟ fully opened the cross section C.

 Now, the fluid flows from the pump, through the cross section B, centre spool valve 

and the connecting line (X), go to the cylinder right side chamber.

 So the piston moves on left side in the cylinder arrangement. So, the front wheel turns 

on left side.

 The other connecting line (Y) fluid goes to reservoir through the cross section C 

without any pressure.

 The figure shows and explain, the vehicle left turning position.



 When the vehicle has to take right turn, the spool valves are going to left side with the 

arrangement of the thread method.

 Now the spool „R‟ fully closes the cross section C,

centre spool move left side and block the left side cross section B &

spool „L‟ fully opened the cross section A.

 Now, the fluid flows from the pump, through the cross section B, centre spool valve 

and the connecting line „Y‟ go to the cylinder left side chamber.

 So, the piston moves on right side in the cylinder arrangement, So the front wheel 

turns on right side.

 The other connecting line (X) fluid goes to reservoir through the cross section A 

without any pressure.

 The figure shows and explain, the vehicle right turning position.



2. The Linkage type 

power steering



 The cylinder is connected to the steering linkages.

 When the vehicle is running straight ahead, a spool valve in the control 

valve assembly is held in the centre position by means of a centring 

spring.

 The fluid flows to both sides of the piston in the cylinder and around 

the valve bands and returns to the reservoir.

 When the vehicle is taking a left turn, and the pitman arm moves the 

valve spool with sufficient force.

 In this position, it connects the left hand side of the cylinder to return 

line leading to the reservoir and directs fluid pressure to the right hand 

side of the cylinder.

 This causes the cylinder housing to move to the right, which moves the 

tie rod to the right in order to turn the wheels to the left position.

 When the vehicle is taking a right turn, the conditions are reversed and 

the tie rod is forced to turn the wheels to the right position.





1. Factors pertaining to wheel
a. Balance of wheels (Static and Dynamic)

b. Inflation of tyre

c. Brake adjustments

2. Steering Linkages

3. Suspension System

4. Steering Geometry 
a. Camber

b. King pin inclination 

c. Included angle

d. Caster

e. 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

1. Camber angle

2. King-pin inclination

3. Included angle

4. Caster angle 

5. Toe-in

6. Toe-out etc.,



 Camber is the tilting in or out of the 

front wheels from the vertical, when 

viewed from the front of the vehicle.

 The amount of tilt measured in degrees 

from the vertical, is called “camber 

angle”.

 The camber angle should not exceed 2°.

 Types

positive camber

negative camber



The king pin inclination 

is the angle between the 

vertical line and the 

centre of the king pin

(or) steering axis, when 

viewed from the front of 

the vehicle. 



The combined 

camber and king 

pin inclination is 

called the 

„included angle‟ 



The angle between the king-pin 

centre line (or steering axis) and 

the vertical line, in the plane of 

the wheel is called “caster 

angle”. 

The caster angle in modern 

vehicles range from 2° to 8°.

Types
positive caster

negative caster



 The distance at the front end 

between the front wheels is 

less than the distance 

between them at the rear.

 The front wheels point 

inward.

 The actual amount of toe-in 

is only 3 to 5 mm. 



 The distance at the front end 

between the front wheels, is 

greater than the distance 

between them at the rear and 

this position of the front 

wheel is called „toe-out‟.

 The front wheels point 

outward.





The steering ratio is the number of 

degrees that the steering wheel must be 

turned to pivot the front wheels 1 degree.

The steering wheel turn 17.5°

The front wheel turn 1°

So the steering ratio is 17.5:1.

The steering ratios generally used with 

present day steering gears vary from 

about 12:1 for cars to about 35:1 for 

heavy vehicles.



1. Davis steering gear 

mechanism

2. Ackermann steering gear 

mechanism





 The automobile frame and body are mounted on the 

front and rear axle not directly, but through some 

form of springs and shock absorbers.

 This is done to damp to road shocks transmitted to 

the frame by the wheels.

 All these parts which perform this function are 

collectively called a suspension system.

 Includes springs,

shock absorbers and 

their mountings.



To provide comfort

To provide safeguard

To prevent the road shocks to the vehicle 

components

To prevent the road shocks to the body 

constructions

To give the stability to the vehicle



Types of independent suspension system

1. Independent front suspension system

(a) Wishbone arm system

(b) Trailing link system

(c) Sliding pillar system

2. Independent rear suspension system

(a) Parallel link system

(b) Swinging arm system

(c) Transverse spring system

(d) Swinging half axles system



FIG. SINGLE WISHBONE



FIG. DOUBLE WISHBONE



Advantages of wishbone arm system

1. Better cornering characteristics are obtained

2. The track length remains constant although a slight 

change in camber takes place which is better for tyre life

Disadvantages of wishbone arm system

1. The wheels, on corners, lean outwards with the body 

resulting in undesirable steering effects

2. Variation in track length resulted in adverse tyre wear.



FIG. TRAILING LINK



FIG. SLIDING PILLAR 



FIG. PARALLEL LINK



FIG. SWINGING ARM 





FIG. SWINGING HALF AXLES 



Classification of Suspension System:

1. Leaf spring

2. Coil spring

3. Torsion spring

4. Rubber spring

5. Air spring

6. Hydraulic suspension

7. Plastic suspension



Classification of Suspension System:

2. COIL SPRING

3. TORSION SPRING

4. RUBBER SPRING

5. AIR SPRING

6. HYDRAULIC SUSPENSION

7. PLASTIC SUSPENSION





Leaf spring Material: 
1. Chrom vanadium steel,

2. Silico Manganese steel, 

3. Carbon steel.



The laminated springs can be used in several ways and in different forms

1. Semi elliptic type spring

2. Quarter-elliptic type spring

3. Transverse type spring

4. Helper spring

5. Full elliptical type spring

6. Full cantilever type spring

7. Double transverse type spring

8. Three quarter elliptical spring (semi elliptical  +  quarter elliptical)



NEED OF SHOCK ABSORBER

If the suspension springs are rigid, they 

will not absorb road shocks efficiently.

VIBRATION

To control this vibration, the shock 

absorbers are used in the suspension 

system.



1. Mechanical shock absorber

2. Hydraulic shock absorber

(a) Van type

(b) Piston type

(i)  Single acting shock absorber

(ii) Double acting shock absorber

(c) Telescopic type shock absorber





INTRODUCTION

 Brakes are used

i. To stop the vehicle (or)

ii. Slow down the speed of a vehicle.

 When brake is applied, each wheel 

builds-up a braking force.

 So, the wheel comes to halt.



 The brakes which are operated 

mechanically by means of levers, 

linkages, pedals, cams, bell cranks, etc., 

are known as mechanical brakes.

 The external contacting brake which is usually 

hand brake (parking brake) in automobiles.

 An internal expanding brake is mechanically 

operated brake.





MAIN COMPONENTS:

 Brake pedal

 Links and Levers 

 Brake drum

 Back plate

 Anchor

 Cam

 Brake shoes and linings

 Brake shoe retracting spring

 Adjuster





DEFINE - Brakes which are operated 

by means of hydraulic pressure are 

known as hydraulic brakes.

Principle: Pascal’s law
“Pressure applied in a liquid is transmitted    

equally in all directions”.



1. Wheel cylinder

2. Master cylinder

3. Brake fluid (or brake oil)  

and pipe lines



(i) Two pistons
(one each connecting to the

left and right brake shoes)

(ii) Piston return spring

(iii) Wheel cylinder body enclosing 

the pistons, rubber cups, and spring.



(i) Cylinder body with the fluid 

reservoir having inlet and by-pass 

ports

(ii) Reservoir cap having air vent

(iii) Plunger

(iv) Rubber boot

(v) Check valve

(vi) Push rod

(vii) Return spring



Types of master cylinder

1. Single master cylinder

(a) For drum brakes

(b) For disc brakes

2. Tandem master cylinder



Brake fluid is a chemically - inert hydraulic 

fluid used to transmit force and motion.

TYPES:

1. DOT-3 is poly glycol based brake fluid

2. DOT-4 is glycol ether based brake 

fluid

3. DOT-5 is silicon based brake fluid

DOT - Department of Transportation



1. Simple construction

2. Equal braking effort

3. Comfortable

4. Self compensating

5. Increasing braking effort

6. Self lubricating

7. Requires less space under chassis 

8. Permits differential braking action

9. High mechanical advantage



1. Fails whole system at a  

time, due to leakage

2. Fluid affects the brake 

shoes







1.Swinging caliper type

2. Sliding caliper type

3. Solid disc type

4. Ventilated disc type



Brake fluid is a chemically - inert hydraulic 

fluid used to transmit force and motion.

TYPES:

1. DOT-3 is poly glycol based brake fluid

2. DOT-4 is glycol ether based brake 

fluid

3. DOT-5 is silicon based brake fluid

DOT - Department of Transportation







Ability of brakes to do their job:

– Limited by tyre grip to road surface

– If sudden brake apply, then the 

– wheel will lock

– wheel slippage &

– Skid may be occurred.

– When wheel stops turning, friction generates heat, 

causing tyre to lose traction

– Slip rate is 50% 

– Maximum traction occurs at ten to twenty percent slip



1.Pole wheel

2. Speed sensor

3. ECU

4. Modulator valve





1. Prevents vehicle skidding

2. Reduces stopping distance

3. Improves stability

4. Improves steer ability

5. Increases the life of tyre,  

brakes and suspension











 During acceleration, a tyre is given more 

torque than it can transfer to the road, the 

tyre loses traction and spins

 To prevent unwanted wheel spin, some 

vehicles with ABS & TCS

 When a wheel is about to spin, the TCS 

applies the brake at that wheel

 If slows the wheel, the wheel spin has 

passed.



BLOCK DIAGRAM 

FOR TRACTION 

CONTROL SYSTEM































1. AUTOMOBILE WHEEL & TYRE

2. STEERING GEOMETRY/WHEEL ALIGNMENT

3. TYPES OF STEERING GEAR BOX – (RACK AND PINION, 

RECIRCULATING BALL TYPE & WORM AND WHEEL)

4. POWER STEERING GEAR BOX – (INTEGRAL & LINKAGE TYPE)

5. TYPES OF FRONT AXLE & STUB AXLES

6. TYPES OF SUSPENSION SYSTEMS – (FRONT & REAR INDEPENDENT 

SUSPENSION SYSTEM)

7. TYPES OF SUSPENSION SYSTEMS – (LEAF, COIL & TORSION BAR 

SPRINGS)

8. TELESCOPIC SHOCK ABSORBER

9. HYDRAULIC BRAKING SYSTEM

10. PNEUMATIC BRAKE SYSTEM

11. DISC BRAKE SYSTEM

12. ABS. EBD& TCS


