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LEARNING OUTCOMES 

 

Knowledge and Understanding 

Having successfully completed the module, students should be able to:  

 

 Classify steering systems into various categories. 

 Demonstrate knowledge and understanding the Construction of various systems parts. 

 Identify engine wheel suspension. 

 State the functions of all suspension parts  

 Identify components of wheel and tires 

 State components of brakes. 

 State operating principle of braking system 

 

Cognitive/Intellectual skills/Application of Knowledge 

 

Having successfully completed the module, students should be able to:  

 

 Explain basic operating principle of steering system 

 Explain the operating principle of different steering system 

 Compare the different steering system and explaining advantages and   

Disadvantages. 

 Explain the basic principle of suspension 

 Compare the different types of suspension 

 Describe the basic principle of braking system 

 Differentiate all braking systems 
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CHAP I: GENERAL INTRODUCTION TO VEHICLE CHASSIS FRAME AND BODY 

 

Objectives 

At the end of this chapter students should be able to:  

 List the basic systems that make up an automobile chassis and name their major 

components and functions 

 Explain the vehicle body repair technology 

The automotive chassis provides the strength necessary to support a vehicle’s components and 

the payload placed upon it. The suspension system contains the springs, shock absorbers, and 

other components that allow the vehicle to pass over uneven surface without an excessive 

amount of shock reaching the passengers or cargo. 

The steering mechanism is an integral portion of the chassis, as it provides the operator with a 

means of controlling the direction of travel. The Braking system provides a means of using 

friction to either slow, stop, or hold the wheels of vehicle.  

Working in conjunction with the suspension, the tires absorb most of the shocks caused by road 

irregularities. The body of the vehicle encloses the mechanical components and passenger 

compartment. It is made of relatively light sheet metal or composite plastics. The components 

which make up the chassis are held together in proper relation to each other by the frame.  

 

I.1. DRIVING DYNAMICS  

Dynamics deal with the action of the force affecting the vehicle while it is being driven and the 

resulting movements of the vehicle. 

The movements occur about the longitudinal axis, transversal axis and vertical axis (Fig. 1).  
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 Forces and axes on vehicle 

 

A distinction can be made between: 

Force acting along the longitudinal axis: motive force, braking force, friction force, 

Force acting along the transversal axis: centrifugal force, wind force, lateral force, 

Force acting along the vertical axis (YAW Axis): wheel load, force created by the jolt from 

rough road surface. 

The movement resulting from all forces acting together express themselves in drivability of 

vehicle. 

Factors which influence the drivability 

1. The location of the centre of the gravity: roll centre, roll axis… 

2. The type of drive and the mounting location of power plant. 

3. The wheel suspension and the wheel position. 

4. The suspension and the oscillation damping. 

5. The wheel control system such as:  A.B.S, T.C.S, E.S.P. 
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A.B.S: Antilock Brake System, 

T.C.S :Traction Control System, 

E.S.P: Electronic Stability Program. 

Some definitions related to drivability of vehicles 

Roll centre 

This is the point on an imaginary perpendicular to the centre of the axle, about which the vehicle 

body rotates due to the action of lateral forces. 

The roll centre of a vehicle axle is located in the centre of the vehicle when viewed from the 

front. Its height depends on the wheel suspension. 

Roll axis 

This is formed by connecting the roll centre of the front axles and the rear axle. It usually slopes 

down towards the front of the vehicle, since the roll centre is lower at the front wheel suspension 

than at the rear. 

The closer the centre of gravity lies to the roll axis the less the vehicle tilts when cornering. 

 

Axis of symmetry 

This runs in vehicle longitudinal direction through the centre of the front and rear axles. 

Wheel slip angle 

This the angle between the wheel plane and the actual direction of wheel motion. 
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Understeer 

Wheel slip angles of the front wheels are greater than those of the rear wheels. The vehicle wants 

to steer a larger radius of bend than that corresponding to the lock on the front wheels and drifts 

outwards over the front wheels. 

Oversteer  

Wheel slip angles of the rea wheels are greater than those of the front wheels. The vehicle wants 

to steer a small radius of bend than that corresponding to the lock on the front wheels and the 

vehicle starts to break away at the rear. 

Neutral drivability 

The wheel-slip angle of the front and rear wheels is the same. The vehicle drifts evenly on all the 

wheels. 

Notes that: The vehicles with front wheel drive tend to understeer, Rear wheel drive vehicles 

tend to oversteer and all-wheel drive vehicle tend towards neutral drivability. 

Yawing  

This is the rotational motion of the vehicle about its vertical axis. 

Rolling 

This is the tipping movement about the roll axis. 

Pitching 

This is the rotational motion of a vehicle about its transversal axis. 

I.2. CHASSIS FRAME  

The Automotive chassis has two main goals: 

1. Hold the weight of the components 

2. To rigidly fix the suspension components together when moving 

It is the back bone of the vehicle. A vehicle without body is called Chassis. The components of 

the vehicle like Power plant, Transmission System, Axles, Wheels and Tires, Suspension, 
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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. 

 

FUNCTIONS OF THE CHASSIS FRAME  

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

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

3. To withstand the forces caused due to the sudden braking or acceleration 

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

5. To withstand centrifugal force while cornering   

 

TYPES OF CHASSIS FRAMES 

There are three types of frames 

1. Conventional frame  

2. Integral frame  

3. Semi-integral frame  

Conventional frame: It has two long side members and 4 to 6 cross members joined together 

with the help of rivets and bolts.   

 The frame sections generally used are: 

1. Channel Section - Good resistance to bending 

2. Tabular Section - Good resistance to Torsion 

3. Box Section - Good resistance to both bending and torsion  
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Integral Frame:  This frame is used now 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 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.  

I.3. VEHICLE BODY 

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

1. The body should be light. 

2. It should have minimum number of components. 

3. It should provide sufficient space for passengers and luggage. 

4. It should withstand vibrations while in motion. 

5. It should offer minimum resistance to air. 

6. It should be cheap and easy in manufacturing. 

7. It should be attractive in shape and color. 

8. It should have uniformly distributed load. 

9. It should have long fatigue life 

10. It should provide good vision and ventilation.  

 

I.3.1: Vehicle body construction 

 

Vehicles have different construction methods according to how they can attach to the frame. 

The different most construction methods used are: Separate construction, Partially self -

supporting construction and Self- supporting construction. 

  

Separate construction 
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In this construction, the vehicle body, axles, steering etc are mounted on the frame. Because of 

its flexibility, this construction is used almost exclusively in the manufacture of commercial 

vehicles, off-road vehicles and trailers. 

The main body shape used here is The ladder-type frame, where two side members are riveted, 

bolted or welded to several cross-members. 

 

 

Partially self-supporting construction 

 

It is generally used a front and rear frame bolted into the self-supporting body in the center 

section. When compared with the self-supporting construction, it is possible to implement 

different body framing variants more easily. 

 

 

Self-supporting construction 
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This is used in passenger cars and buses/coaches. In passenger cars the frame is replaced by a 

floor assembly, which in addition to the supporting components such as engine bearings, side 

members and cross-members also contains the luggage compartment floor and wheel houses. 

 

 

 

I.4.INTRODUCTION TO PANEL BEATING 

 

Panel beating is the art of shaping the metal/vehicle panel back to where it is smooth and level 

again. Learning how to be a panel beater is essential. It is the area in auto body work that 

requires the most skills and techniques. 

  

I.4.1: TOOLS USED IN PANEL BEATING 

 

Hammers: Auto body hammers are essential part of any auto tool kit where metal sheet work is 

required. They may look like simple tools but require a certain measure of skill if they are to be 

used in the proper way. You may find it easy to drive nails into a wall or wood with your regular 

hammer, however, this is not the case when it comes to lumpy metal.  

With an auto body hammer, it is possible to deliver accurate blows to the sheet metal. To begin 

with, it is necessary to become familiar with the various types of auto body hammers in order to 

learn how to use them properly. 
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Spoons: Spoons are used for fender spring hammering, finishing and shaping.  

 

Anvils: This is a hand tool that is used in Auto Car Body Collision Repair Shop. It could also be 

a Blacksmithing tool used in a Blacksmith or Tinsmith shop for forming or shaping metal. 

 

 

Dollies: A 'dolly' is the name given to a category of tools used in shaping sheet metal. In general, 

a dolly is a solid piece of metal, small enough to hold in one hand, with a curved or shaped face. 

Generally a dolly will have more than one surface, each with its own radius of curvature (much 

like a three-dimensional French curve), allowing the craftsman more flexibility in using the tool. 
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Planishing hammer:  

Planishing (from the Latin planus, "flat") is a metal working technique that involves finishing 

the surface by finely shaping and smoothing sheet metal. This is done by hammering with a 

planishing panel hammer or slapper file against a shaped surface called a planishing stake that is 

held in a vice or a mounting hole in a blacksmith's beak anvil, or against hand-held, shaped, 

metal tools that are known as Dollies or Anvils. The shape of the stake or dolly has to match the 

desired work piece contour, and so they come in a variety of complex shapes.  
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I.4.2: REPAIR AUTOMOTIVE DENT 

Damaged areas that require metal work, repainting or even panel replacement are usually 

described as “Dents". 

This sub topic shows you how to properly use body filler to repair a dent. 

Preparing the surface 

Before you can fill your dent, you’ll need to remove the paint. Body filler doesn’t stick well to 

paint, so you need to sand it down to bare metal. For this job, you can use a heavier grit 

sandpaper like a 150-grit. 

Mixing the body-filler 

Body filler is a two-part epoxy that you have to mix yourself. You add a creme hardener (comes 

in the can) to the base filler. The filler will harden pretty quickly, allowing for less than 5 

minutes of working time. 

Follow the directions on the filler can to mix the proper amount of hardener with filler. Mix the 

two using a rigid plastic spreader. Don’t forget you have a limited working time once you mix it! 

Applying the body-filler 

Remember, once you’ve mixed the filler, you have less than 5 minutes to get it on the damaged 

area. Using a flexible plastic spreader while applying the filler on the vehicle body and follow 

the direction. 

Sanding the filler 

Once the filler has completely hardened — the time will vary by temperature, humidity and 

brand of filler used, you’re ready to start sanding. With your sandpaper wrapped around a 

sanding block (rubber sanding blocks are best and can be purchased in automotive or home 

repair stores), start sanding the filler using 150-grit sandpaper. 

When the filler is pretty close to smooth, switch to the 220-grit paper and continue until it 

becomes smooth and smart. 
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I.4.3: MIXING OF PAINT  

The paint should be mixed according to the recommended mixture ratio from factory/ 

manufacturers. 

 

 

I.4.4: PAINT PANEL 

Paint is any liquid, liquefiable, or mastic composition that, after application to a substrate in a 

thin layer, converts to a solid film. The following are the main painting tips: 

Sanding 

Sand the area to be painted until it becomes the original finish. 

Cleaning 

Wash the area to be painted thoroughly with water and a clean rag. Rinse it thoroughly and wipe 

the surface dry until you are sure its completely free of dirt, dust, fingerprints, wax, detergent or 

other foreign matter. 

Masking 

Protect any areas you do not want to overspray by covering them with masking tape and 

newspaper. Be careful not get fingerprints on the area to be painted. 

Priming and painting 

All exposed metal should be primed before painting. Primer protects the metal and provides an 

excellent surface for paint adhesion. 

I.4.5: POLISH PAINT  

When painting vehicles, contaminants (dust particles) can compromise the visual appearance of 

the finished paintwork. Exactly how much this happens and in what way depends on a number of 

different factors, such as insufficient cleaning of the existing surface before painting, lint from 

clothing, the spray booth not being clean enough, and the air supplied to the gun. These dust 

particles create defects on the surface, which result in customer complaints later on. 
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Polishing your automobile will help to extend the life and beauty of the paint and exterior. 

The following are techniques to be used when polishing the paint of the car: 

Park your car in a shaded area and wash it with automotive soap 

The first step to polishing your car is to wash it, and you should always wash a vehicle in a 

shaded area. Direct sunlight could cause the soap you use to dry onto the paint, which will dull 

the finish. Find a place that keeps the entire vehicle out of direct sunlight and park it there. 

Apply rubbing compound one body panel at a time 

Put a moderate amount of polishing compound on the pad, then turn on the polishing wheel and 

press it into the paint of the vehicle. You may also apply the compound directly onto the body of 

the car, then bring the polisher to it. 

Read the instructions on the specific polishing compound you purchased, as some may have 

specific steps you’ll need to take for the best result. 

Once you finish one body panel, then move on to the next one. 

 

 

Allow the car to dry, wash and rinse the car again 
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Once you have polished every panel on the body of the car, clean the polishing pad thoroughly 

and set it and the polishing wheel aside. Spray the entire vehicle down with a hose and wash the 

entire car again. 

Be sure to wash away any polishing compound that remains on the vehicle. 

Rinse the car thoroughly after you’re done washing it 
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Allow the car to dry 

The paint on your car will need to be dry before you can wax it. You may dry the vehicle using 

microfiber towels if you’d like to expedite the process. 

Ensure the paint is completely dry before moving on to waxing. 

 

Apply a coat of wax to the car’s paint 

Use a good quality automotive wax to protect the newly polished paint and ensure it has a bright, 

shiny finish. Put some wax on the pad that comes with it and apply it to your car in a circular 

motion. Wax the entire vehicle, as the polishing process can leave the paint unprotected from the 

sun.  

Apply the wax one body panel at a time as well 

 Make sure the vehicle is not in direct sunlight while waxing 
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Polish the wax off with a microfiber towel 

 

Once the wax has dried, buff it off of the paint using microfiber towels. You can tell the wax has 

dried sufficiently by touching it with a bare finger. If the wax wipes off easily beneath your 

finger, it is dry and can be buffed off the vehicle. 

Once you have buffed off all of the wax, the paint will have a brilliant shine and finish. 

 



18 
 

CHAP.II: VEHICLE STEERING SYSTEM 


