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UNIT-4 - STEERING, BREAKS AND SUSPENSION 

PART-A 

1. Define wheel track and wheel base. 

The distance between the tyre centers, mounted on the same axle is 

known as wheel track. The wheelbase is the distance between the centers 

of the front and rear wheels 

2. Give a brief note on damper. 

It is used to dampen the vibrations of the suspension springs. It is mostly used in 

independent suspension. 

3. What is meant by bleeding of brakes? 

The process of removing air from the hydraulic brakes is known as bleeding of brakes. 

4. Define steering gear. 

The steering gear is used to convert the rotational movement of the steering wheel 

into linear movement of the steering linkage. Moreover it provides mechanical advantage. 

5. What are the different types of wheels?  

  o Pressed steel disc wheels 

o Wire spoke wheels 

o Light alloy casted wheels 

6. What is the purpose of Toe-in and Toe-out? 

The purpose of providing a toe in and toe out is straight line stability of the vehicle, after 

negotiating a turn. 

7. What are the different types of tyres used in automobile? 

a. Cross ply tyres  

b. Radial ply tyres 

c. Belted bias tyres 

8. What are the different types of springs used in suspension system? 

o Leaf springs (Rigid axle suspension) 

o Coil springs (Independent suspension)  

o  Torsion bar (Independent suspension) 



9. Define king pin inclination. 

The tilt of the king pin from the vertical reference line is known as King Pin 

Inclination (KPI). It is also called as Steering Axis Inclination (SAI) 

10. Give the function of tyre? 

o Supporting Vehicle Weight 

o Transferring Traction & Braking forces to the road Surface 

 o Changing & Maintenance Direction of Travel  

o Absorbing Road shocks 

11. Define castor and camber. 

Castor: The tilt of the king pin from the vertical reference line when viewed from side is 

known as castor. Camber: 

The camber angle is the inward or outward tilt of the wheel relative to the vertical 

reference 

12. What are the benefits of anti-lock brake system? 

o Preventing the wheel from locking at the time of braking o Keeping the wheel 

rotating 

o Due to rotating wheel, it helps you to steer away the vehicle from the object, 

while applying brakes at the same time. 

o It is even more effective in sand, snow, water, and mud where loss of traction is 

even higher, as on these surfaces, with normal braking system, it is even easier to 

lock wheels and loose traction but ABS works excellent in these conditions also 

and stops the vehicle in a much shorter distance. 

13. What is steering ratio? 

The steering ratio is defined as the ratio of angle turned on the steering wheel to the 

angle turned by the stub axle. 

Steering ratio =  Angle turned on steering wheel Angle 

turned by the stub axle 

14. What is toe in and toe out? 

The distance between the front ends of wheels is less than the rear end, the condition 

is said to be toe-in. 

The distance between the front ends of wheels is more than the rear end, the condition 

is said to be toe-out. 

15. What are the types of steering gear box? 

a) Worm & Worm wheel steering gear 



b) Worm and Nut steering gear 

c) Worm and Roller steering gear 

d) Recirculating Ball steering gear 

e) Rack and Pinion steering gear 

16. What are main advantages  of power steering? 

o The manual effort required to turn the vehicle is getting reduced. 

o     This layout also gives road feel to the driver. 

17. What is function of suspension system in automobile? 

The function of the suspension system is to isolate the vehicle and its occupants 

from road shocks and vibrations generated by the road surface, while maintaining 

steering control and stability at all times. 

18. What is the function of brake? State its type. 

The function of brake is to stop the 

vehicle within a short distance. Types: 

1. Mechanical brakes 

o Drum 

brakes o 

Disc brakes 

2. Hydraulic brakes 

3. Power brakes  

o Air brakes 

o Air-hydraulic brakes  

o Vacuum brakes 

o  Electric brakes 

19. What are the functions of front axles? 

o It carries the weight of the front of the vehicle 

o It carries the horizontal and vertical loads on bumpy roads 

o It works as a cushion through its spring for a comfortable side o In a four wheel 

drive, it also transmits power to the road wheels 

 When brakes are provided at the front wheels, it withstands bending stresses and 

torsional stresses 

20. What I section at middle and oval section at end is preferred for front axle? 

„I‟ section is suitable for bending loads and „circular‟ or „oval‟ section is suitable for 

torsional loads. 



Hence I section at middle and circular or oval section at ends is provided in the front 

axle. 

  



21. What are the different types of stub axles? Which is the most preferred one?  

  o Elliot 

o  Reversed Elliot 

o Lamoine 

o Reversed Lamoine 

Out of these four types, Reversed Elliot is the most preferred type. 

22. What  is disc brake? 

These brakes are different from drum brakes in that the drum is replaced by a 

circular plate and the brake shoes are replaced by a caliper which supports a pair of 

friction pads, one on each side of the disc. These pads are forced inward by the 

operating force and so retard the disc. 

23. What is meant by electric brake? 

In an electric brake, the current from the battery is utilized to energize an 

electromagnet within the brake drum. This actuates a cam to expand the brake shoes. 

When the current is not supplied, the cam and brake shoes are returned to the release 

position by retractor springs. 

24. What is regenerative braking? 

A regenerative brake is an energy recovery mechanism, which slows a vehicle by 

converting its kinetic energy into another form, which can be either used immediately or 

stored until needed. This contrasts with conventional braking systems, where the excess 

kinetic energy is converted to heat by friction in the brake linings and therefore wasted. 

 

  



PART – B 

 
1. (i) Sketch and explain various steering geometries. (8)  

(ii) Explain with the help of simple diagram the different typas of stub axles. (8) 

ANSWER: 

STEERING GEOMETRY 

CAMBER:-  

Definition: – Camber is the tilt of the car wheels from the vertical. Camber is positive if the 

tilt is outward at the top. Camber is also called ‘wheel rake’. 

KING PIN INCLINATION (STEERING AXIS INCLINATION):- 

Definition: – Inclination of the king pin from vertical is called the king pin inclination or 

king pin rake. In modem cars where the king pin has been replaced by the ball joints, this 

term has also been renamed as ‘Steering Axis Inclination’ and is defined as the inclination of 

the ball joint-axis from the vertical. Steering axis is an imaginary line drawn through the 

lower and the upper steering pivot points. 

COMBINED ANGLE AND SCRUB RADIUS:- 

Definition: – Combined angle or included angle is the formed in the vertical plane between 

the wheel centre line and the king pin centre line (or steering axis). Combined angle is equal 

to camber plus king pin inclination (or steering axis inclination). 

CASTOR :- 

Definition :- The angle between the king pin centre line (or steering axis) and the vertical, in 

the plane of the wheel is called the castor angle. If the king pin centre line meets the ground 

at a point in form of wheel is called positive castor while it is behind the wheel centre line it 

is called negative castor. 

TOE-IN OR TOE-OUT :- 

Definition :- Toe-in is the amount by which the wheels are set closer together at the front 

than at the rear when the vehicle is stationary. On the other hand, the wheel may be set closer 

at the rear than at the form in which case the difference of the distances between the front 

wheels at the from and at the rear is called toe-out. 

 



 

STEERING GEOMETRY 

 

(ii) Different types of stub axles. 

 
Stub axles are connected to the front axle by king pins. Front wheels are mounted on stub 

axles arrangement for steering. Stub axle turns on king pins. King pins is fitted in the front 

axle beam eye and is located and locked there by a taper cotter pin. 

Stub axles are of four types: 

 Elliot 

 Reversed Elliot 

 Lamoine 

 Reversed Lamoine 

 

 



2. Explain the working principles of hydraulic brake with neat sketch. 

ANSWER: 

 

Hydraulic Braking System 

A hydraulic braking system transmits brake-pedal force to the wheel brakes through 

pressurized fluid, converting the fluid pressure into useful work of braking at the wheels. A 

simple, single-line hydraulic layout used to operate a drum and disc brake system is 

illustrated in Fig. The brake pedal relays the driver’s foot effort to the master-cylinder piston, 

which compresses the brake fluid. This fluid pressure is equally transmitted throughout the 

fluid to the front disc-caliper pistons and to the rear wheel-cylinder pistons. As per the 

regulations a separate mechanical parking brake must be incorporated with at least two 

wheels. This provision also allows the driver to stop the vehicle in the event of failure of the 

hydraulic brake system. 

 

 
Hydraulic Braking System 

 

Various Components 

 Brake Pipes. 

 Master-cylinder. 

 Disc-brake. 

 Drum-brake. 

 Wheel-cylinders. 

 

 



 

Brake Master cylinders 

Operation. 

When the foot-pedal is applied, the push-rod pushes the master-cylinder piston along 

its bore. Immediately the bypass or compensation port is sealed ‘off, and fluid ahead of the 

piston is trapped. The pressure developed in the master-cylinder pushes the lips of the check-

valve cup away from the metal body so that fluid is displaced into the pipelines. This forces 

the caliper or shoe wheel-cylinder pistons, causing the discs or drums to be braked. 

Non-residual Pressure Master Cylinder (Girling). 

Operation. 

When the driver pushes down the foot-pedal to apply the brakes, the push-rod is 

forced against the piston. The initial piston movement pushes the edge of the spring-retainer 

around the mouth of the piston-stem central hole away from the valve stem head. 

Simultaneously, fluid trapped in the hollow piston stem is momentarily pressurized and 

therefore pushes the valve-stem assembly towards the inlet port. The valve assembly and seal 

consequently close the inlet port disconnecting it from the reservoir. Further movement of the 

piston forces fluid to pass through the outlet port into the pipeline system to clamp the discs 

or expand the shoes against the drums                          When the brakes are released, the disc-

brake piston seals or the drum-brake retraction springs retract the wheel-cylinder pistons so 

that fluid is displaced back to the master-cylinder. The master-cylinder piston return-spring 

moves the piston to its outermost position. But just before the piston reaches the end of its 

stroke, the spring-retainer clipped to the piston stem catches and pulls the valve stem and 

valve assembly away from the inlet port. Fluid then flows freely between the reservoir and 

the pressure chamber. 

 

3. (i) Explain a typical power steering system. (8)  

(ii) Explain the wheel alignment system. (8) 

ANSWER: 

The steering system converts the rotation of the steering wheel into a swivelling 

movement of the road wheels in such a way that the steering-wheel rim turns a long way to 

move the road wheels a short way. 

The rack-and-pinion system 

https://www.howacarworks.com/basics/how-the-steering-system-works


 At the base of the steering column there is a small pinion (gear wheel) inside a 

housing. Its teeth mesh with a straight row of teeth on a rack - a long transverse 

bar. 

 Turning the pinion makes the rack move from side to side. The ends of the rack 

are coupled to the road wheels by track rods. 

 This system is simple, with few moving parts to become worn or displaced, so its 

action is precise. 

 A universal joint in the steering column allows it to connect with the rack without 

angling the steering wheel awkwardly sideways. 

 
power steering system 

 

(ii) Wheel alignment, sometimes referred to as breaking or tracking, is part of 

standard automobile maintenance that consists of adjusting the angles of wheels so that they are 

parallel to each other and perpendicular to the ground. The purpose of these adjustments is to 

reduce tirewear, and to ensure that vehicle travel is straight and true (without "pulling" to one 

side). Alignment angles can also be altered beyond the maker's specifications to obtain a specific 

handling characteristic. Motorsport and off-road applications may call for angles to be adjusted 

well beyond "normal", for a variety of reasons. 

Measurement: 

A camera unit (sometimes called a "head") is attached to a specially designed 

clamp which holds on to a wheel. There are usually four camera units in a wheel 

alignment system (a camera unit for each wheel). The camera units communicate their 

physical positioning with respect to other camera units to a central computer which 

calculates and displays 

https://en.wikipedia.org/wiki/Automobile
https://en.wikipedia.org/wiki/Car_maintenance
https://en.wikipedia.org/wiki/Tire


Often with alignment equipment, these "heads" can be a large precision reflector. 

In this case, the alignment "tower" contains the cameras as well as arrays of LEDs. This 

system flashes one array of LEDs for each reflector whilst a camera centrally located in 

the LED array "looks for" an image of the reflectors patterned face. These cameras 

perform the same function as the other style of alignment equipment, yet alleviate 

numerous issues prone to relocating a heavy precision camera assembly on each vehicle 

serviced. 

4.  Explain any one type of steering gear box with neat sketch. 

ANSWER: 

 Recirculating-ball steering is used on many trucks and SUVs today. The linkage that turns 

the wheels is slightly different than on a rack-and-pinion system. 

 The recirculating-ball steering gear contains a worm gear. You can image the gear in two 

parts. The first part is a block of metal with a threaded hole in it. This block has gear teeth 

cut into the outside of it, which engage a gear that moves the pitman arm (see diagram 

above). 

 The steering wheel connects to a threaded rod, similar to a bolt, that sticks into the hole in 

the block. When the steering wheel turns, it turns the bolt. Instead of twisting further into the 

block the way a regular bolt would, this bolt is held fixed so that when it spins, it moves the 

block, which moves the gear that turns the wheels. 

 Instead of the bolt directly engaging the threads in the block, all of the threads are filled 

with ball bearings that recirculate through the gear as it turns.  

 The balls actually serve two purposes: First, they reduce friction and wear in the gear; 

second, they reduce slop in the gear. Slop would be felt when you change the direction of 

the steering wheel -- without the balls in the steering gear, the teeth would come out of 

contact with each other for a moment, making the steering wheel feel loose. 

https://science.howstuffworks.com/transport/engines-equipment/gear5.htm
https://science.howstuffworks.com/transport/engines-equipment/bearing.htm


  

Recirculating-ball steering 

  



 

5. (i) Explain the Ackerman principle of steering with neat sketch. (10) 

 (ii) Explain the working of torsion bar with neat sketch. (6) 

ANSWER: 

(i)The Ackermann Principle 

 To achieve true rolling for a four wheeled vehicle moving on a curved track, the lines 

drawn through each of the four wheel axes must intersect at the instantaneous centre. 

 The actual position the instantaneous centre constantly changes due to the alternation 

of the front wheel angular positions to correct the steered vehicle’s path. Since both 

rear wheels are fixed on the same axis but the front wheel axles are independent of 

each other , the instantaneous centres lies somewhere along an imaginary extended 

line drawn through the axis of the rear axle. 

The Ackermann principle is based on the two front steered wheels being pivoted at 

the ends of an axle-beam. The original Ackermann linkage has parallel set track-rod-

arms, so that both steered wheels swivel at equal angles. Consequently, the 

intersecting projection lines do not meet at one point. 

 If both front wheels are free to follow their own natural paths, they would converge 

and eventually cross each other. Since the vehicle moves along a single mean path, 

both wheel tracks conflict continuously with each other causing tyre slip and tread 

scrub. Subsequent modified linkage uses inclined track-rod arms so that the inner 

wheel swivels about its king-pin slightly more than the outer wheel. Hence the lines 

drawn through the stub-axles converge at a single point somewhere along the rear-

axle projection (Fig). 

  



Torsion bar:  

The torsion bar is basically a length of metal rod anchored at one end to the car body and at the 

other end to the suspension lower link. As the wheel passes over a bump the bar twists. It returns to 

its original position when the bump is passed and restores the car to its normal drive height.  

 
 

6. (i) Explain the working of rear independent suspension system with neat sketch. (8) 

(ii) Explain the working of front independent suspension system with neat sketch. (8) 

ANSWER: 

Independent Rear Suspension 

Almost all the advantages of independent front suspension apply to independent rear 

suspension, but the most important among them is the reduction of unsprung weight. The 

final-drive unit and the brakes contribute maximum to the unsprung weight. Therefore, 

installation of’inboard’ brakes on a frame-mounted final drive provides a reduction in 

unsprung weight of around 50 percent. Following are the brief description of independent 

rear suspension systems. 

Parallel Link System. 

In this layout two wishbone-shaped links, which connect the wheels to a backbone-

type frame (Fig), are mounted transversely. Torsion bars are fitted longitudinally and are con-

nected with the lower wishbone. Wide-angle’ universal joints are used to transmit drive from 

the final drive. 

Swinging Arm System. 

The trailing arm system (Fig) provides an alternative method of mounting the wheels. 

Either a spring, shown in the figure or a torsion bar, acting at the pivot is incorporated. One 

popular lighter design uses a rubber spring; otherwise metal spring shown in the figure is 

commonly used. 



 

Parallel link systems.  

 

Swinging arm system.  

 

(ii)Independent Front Suspension System 

Double-transverse Wishbone Suspension. 

Figure jllustrates the main details of this suspension. In this system, two links, usually 

parallel in the normal ride position, are constructed in a wishbone shape to provide fore-and-

aft stiffness and to resist braking torque. Each wishbone uses three bearings, two inner 

bearings connecting with the frame and an outer one attaching to the stub wishbone, and the 

upper end to a point on the frame just above the upper wishbone. The vehicle weight and the 

payload is transferred from the sprung body and cross-member to the top of the coil spring. A 

damper is intalled inside the coil spring and is attached by rubber bushes to the underside of 

the fixed cross-member and to the lower wishbone member. Side thrust, if any, is resisted by 

stiffness of the wishbone members and the swivel-joints and pivots. 

file:///C:/Documents and Settings/joshi/Local Settings/Temp/WindowsLiveWriter586806914/supfiles2204EC/clip_image1603.jpg
file:///C:/Documents and Settings/joshi/Local Settings/Temp/WindowsLiveWriter586806914/supfiles2204EC/clip_image1623.jpg
file:///C:/Documents and Settings/joshi/Local Settings/Temp/WindowsLiveWriter586806914/supfiles2204EC/clip_image1603.jpg
file:///C:/Documents and Settings/joshi/Local Settings/Temp/WindowsLiveWriter586806914/supfiles2204EC/clip_image1623.jpg


 
Wishbone Suspension 

 

MacPherson Suspension. 

In this type of suspension (Fig. 22.60), a long telescopic tube, incorporating the 

damper, is pivoted at the upper end and rigidly connected to the stub axle at the lower end. A 

single transverse link, attached to the frame by rubber bushes and connected to the stub-axle 

by a ball joint, provides track control. The coil spring is installed between the fixed and 

floating suspension members. A stabilizer bar interconnects both front suspension lower links 

and also provides the required fore-and-aft stiffness.  

 
MacPherson Suspension 

  



 

7.(i) Explain the working of shock absorber with neat sketch. (8)  

(ii) What are the objectives and components of suspension system. (8) 

ANSWER: 

(i)     A shock absorber is basically an oil pump placed between the frame of the car and the 

wheels. The upper mount of the shock connects to the frame (i.e., the sprung weight), while 

the lower mount connects to the axle, near the wheel (i.e., the unsprung weight). In a twin-

tube design, one of the most common types of shock absorbers, the upper mount is 

connected to a piston rod, which in turn is connected to a piston, which in turn sits in a tube 

filled with hydraulic fluid. The inner tube is known as the pressure tube, and the outer tube is 

known as the reserve tube. The reserve tube stores excess hydraulic fluid. 

When the car wheel encounters a bump in the road and causes the spring to coil and uncoil, 

the energy of the spring is transferred to the shock absorber through the upper mount, down 

through the piston rod and into the piston. Orifices perforate the piston and allow fluid to leak 

through as the piston moves up and down in the pressure tube. Because the orifices are 

relatively tiny, only a small amount of fluid, under great pressure, passes through. This slows 

down the piston, which in turn slows down the spring. 

 
shock absorber 

 

(ii) Objective 

 The main objective of ground vehicle suspension systems is to isolate the vehicle 

body from road irregularities in order to maximize passenger ride comfort and to 

produce continuous road-wheel contact, improving the vehicle handling quality. 



The main components of today's suspension system are the springs, shock absorbers 

and struts. 

 The main components of today's suspension system are the springs, shock 

absorbers and struts. 

 Springs. 

 Shocks. 

 Struts. 

8. Explain the mechanical brakes with neat sketch. 

ANSWER: 

Mechanical brakes arrest the energy of a machine or object via force, most 

commonly friction. Most individuals are familiar with automotive brakes, but 

mechanical brakes are also essential in material handling, manufacturing, and other 

power transmission applications. 

Types 

The following brakes are types of friction brakes. 

 drum brakes  

 Cone brakes  

 Disc brakes  

 Engagement 

 Friction Brakes 

Significant force is required to decelerate components from friction. Brakes that rely solely 

on manual power supplied by the operator are the purest form of mechanical brake and many 

need to be self-energizing to be effective. 

Dual-function brakes are those that utilize two sources for actuator power, such as pne 

Wrap-Spring Brakes 

In order to accurately start and stop a load, the shaft needs enough torque to engage 

the clutch spring, as well as enough inertia to engage the brake spring. Calculate the inertia 

(WR²) of all rotating components, including shafts, drums and pulley. A reference table will 



contain data on the inertia of steel shafting per inch of length of thickness, as well as 

conversion data for non-steel materials.  

Disengagement 

Complete release of mechanical brakes results in brake drag that shortens braking 

components service life and also wastes energy. For many friction brakes, a spring holds the 

brake in the disengaged position until a force overcomes the spring preload. Brakes can also 

be supplied as fail-safe brakes, or brakes where the spring keeps the brake engaged and 

power is needed to remove the spring's braking force. 

 
 

Mechanical brakes 


