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Unit-4 Suspension System 

Introduction 

 The suspension system is the system of springs, shock absorbers and connections that connects a car with 

wheels. It is basically a passenger cushion and protects the luggage or any load and also to itself damage and 

wear. 

 Sir William Brush is the father of the car suspension system. 

The main roles of the suspension system are as follows: 

- To support the weight of the vehicle. 

- Offers a slimmer driving for the driver and for the passengers, i.e. as a shock absorber. 

- Protect the vehicle against damage and wear. 

- play a key role in maintaining autonomous driving conditions. 

- To keep the wheels firmly pressed on the ground for traction. 

- Isolate the body from shocks and road vibrations that would otherwise be transferred to passengers and   

loads? 

 Principle: 

 When a tire strikes an obstruction, there is a reaction force. The amount of this reaction force depends on the 

mass not suspended in each wheel group. 

 In general, the greater the relationship between spring weight and un weighted weight, the less impact of the 

body and the vehicles hit by shots, sauces and other surface imperfections such as small bridges. A large, non-

suspended weight ratio can also affect vehicle control. 

 No path is perfectly flat, that is, without irregularities. Even recently paved roads have thin imperfections that 

can interact with vehicle wheels. These are the imperfections that apply force to the wheels. 

According to Newton's law of law, all forces have both magnitude and direction. A bump in the road causes 

the wheels to move down and vertically toward the road surface. The magnitude of the path depends on the 

fact that the wheel hits a giant protuberance or a small point Therefore, the wheel feels a vertical acceleration 

when it overcomes an irregularity. 

 Suspension of a car is actually part of the chassis, which includes all the important systems located under the 

body of the car. This system includes: 

- Table 

- Suspension system 

- Steering system 

- Wheels or wheels 
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Components of Suspension system; 

There are three basic components for any suspension system. 

 — Springs 

Coil spring 

Leaf springs 

Air springs 

— Dampers 

Shock Absorbers 

Struts 

Anti-sway Bars 

— Anti sway bars. 

 

 Types of Suspension system; 

 
Benefits- 

- Comfort for passengers 

- Good management 

- Protects the vehicle against damage 

- Increases vehicle life 

- Keeps the tires firmly pressed to the ground. 

Unbound mass (sometimes described as non-suspended weight) is usually the mass of suspension 

components, wheels and springs. However, only 50% of the spring mass and the mobile suspension arms are 

included. This is because they form part of the bond between suspended and non-suspended masses. It is 

useful to have the mass not suspended as small as possible with respect to the suspended mass (main vehicle 

mass). This is because when the vehicle strikes an obstacle, suspension movement will have a small effect on 

the main part of the vehicle. The overall result is therefore increased driving comfort. 

A vehicle needs a suspension system to dampen and dampen road impact, as shown in the following figure. 

The suspension system is the link between the body of the vehicle and the wheels. The purpose of suspension 

in cars is: 

 Position the wheels allowing them to move up and down and drive 

  Keep your wheels in contact with the road and minimize road noise 

  Transfer the load from the vehicle to the wheels 

 Reduce the weight of the vehicle as much as possible, especially the mass not suspended 

 Withstand steering, braking and acceleration effects 

  Work in combination with tires and springs for an acceptable ride 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 
This keeps the passengers comfortable and prevents damage to the vehicle's products and components. A 

spring between the wheel and the body of the vehicle allows the wheel to follow the road surface. The tire 

plays an important role in absorbing small impacts on the road. This is often referred to as the primary 

suspension type. The springs between the body and the wheel axis support the body of the vehicle. Along with 

the shock absorber (also described as shock absorber), these components are known as a suspension system. 

When a wheel strikes an obstacle on the road, it moves upwards with some force. An unstoppable wheel is 

only affected by gravity, which will try to bring the wheel back to the road surface. However, most of the 

energy will be transferred to the body. The spring used between the wheel and body stores most of the 

energy in the wheel that bounces and does not pass to the body of the vehicle. The body of the vehicle moves 

upwards only at a very short distance from the wheel movement. 

The springs used in the suspension system are responsible for movement or collision from the road. The 

energy of the movement is stored in spring. Actual spring can be in many different shapes, ranging from a 

steel coil to a nitrogen pressure chamber. Comfort is obtained with soft spring, but for high performance, rigid 

springs are better. Therefore, the springs and the suspension of the vehicle are made to provide a compromise 

between good maneuverability and comfort. 

Types of springs 

Depending on the material used to make the springs, there are three types of springs: steel spring, gas spring 

and rubber spring. 

1. Steel springs 

• Heli al spri g 

• la i ate spri g o  la i ate spri g 

• Torsion bars springs 

• Sta ilizers 

2. Springs full of gas (air or nitrogen) 

• Sour es of air 

• Hydro pneumatic suspension 

3. Rubber springs 

• atural ru er 

• Sy theti  ru er 

Coil (Helical)Spring 

The helical spring or helical spring used in the suspension of the car is made of steel bars. The heated bar is 

wrapped in a special mold and then heat treated to obtain the right elasticity (elasticity). The spiral spring can 

withstand any compression load, but not lateral thrust. The helical spring cannot withstand braking or driving 

thrust. Suspension arms are used to withstand these loads. Spiral springs are generally used with 

independent suspension systems; the springs are generally adjusted in each 
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The openings are made both in the assembly and in the body to keep the spring in the correct position. The 

spring is always compressed because of the weight of the vehicle and is therefore kept in place. 

LEAF SPRINGS 

 
The spring offers all the controls on the wheels during acceleration, braking, curves and overall movement 

caused by the road surface. Crossbows are used with fixed axles and, generally, in larger vehicles. The springs 

can be simple (monoleaf) or multi-leaf (laminated). 

The first multilane spring most commonly used on the back of cars and light vehicles, and still used in 

suspension systems for commercial vehicles. It consists of a series of steel strips or sheets arranged one above 

the other and then held together. Load conditions determine the length, cross section, and number of sheets. 

The figure shows the leaf spring. 
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The torsion bar suspension uses a metal bar, which provides the jumping effect while torching. It has the 

advantage that components do not take up too much space. The torsion bar can be round or square, can be 

empty or solid. 

The surface has to be finished with precision to eliminate pressure points, which can cause cracking and 

fatigue failure. They can be installed longitudinally or sideways. Torsion bars do not require maintenance, but 

can sometimes be adjusted. They transmit longitudinal and lateral forces and have low mass. However, they 

have a limited damping effect. 

AIR SPRINGS 

The pneumatic or air spring is a reinforced rubber bellows installed between the axis and the frame or 

 
 

The compressor is used to adjust the pressure according to the load on the vehicle. This is done automatically, 

but it is possible to maintain a manual control to adjust the vehicle height or the rigidity of the suspension. Air 

springs are similar to a soccer ball or a balloon on which the car rests. The system includes compressors and 

air tanks. 

Rubber is a very old suspension method. The material or suspension system is simply a piece of rubber with a 

particular shape. This technique was used in the first mini cars. Rubber does not require damping in most 
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cases. Today, they are used as a complement to other forms of springs. However, they are popular in caravans 

and trailers. 

Shock absorbers (Dampers) 

Also known as dampers are used with springs. The damper absorbs stored energy, which reduces the bounce 

rate. A spring without shock absorber would create a dangerous and uncomfortable bounce of the vehicle. 

Dampers that convert vibration energy into shock absorbers can be: 

  two-tube dampers 

  single tube dampers 

  Shock absorbers with supports and other spring assemblies such as air springs, hydro pneumatic 

springs, etc. 

 

 
 

 

The double tube telescopic cushion is the most commonly used telescopic pillow. It consists of two tubes. An 

outer tube acts as a tank space and collects the oil moved from an inner tube. The oil passes through a valve 

by the movement of a piston when the shutter moves up or down. 

The single-tube telescopic cushion is also known as a gas shock absorber. However, damping action is still 

achieved by forcing oil through a restriction. 

HYDRAULIC DAMPERS 

These are the most common types of shock absorbers used in the suspension system of modern passenger 

cars. In a hydraulic shock absorber, spring energy is converted into heat. This is because the fluid (a type of oil) 

is quickly forced through small holes (holes). The oil temperature in a shock absorber can reach 150 ° C during 

normal operation. The hydraulic dampers used in a typical front suspension are shown in the following figure. 
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The functions of the shock absorbers can be summarized in the following points. 

  Ensure directional stability 

  Ensure good contact between the tires and the road 

  Reduce the oscillations 

  Avoid accumulation of vertical movements 

  Reduce tire wear and chassis components. 
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Torsion bar 

Introduction 

A torsion bar is a type of suspension system that is commonly used in vehicles such as cars, trucks and vans. A 

suspension system is a significant and acute element of vehicle design. Regardless of design, all suspension 

systems have the same functions. They keep the tires in contact with the road surface, keep the weight of a 

vehicle and absorb the forces generated by movement and movement of the vehicle. 

Construction of a torsion bar 

Torsion bars are basically metal bars that meet spring function. At one end, the bar is rigidly fixed to the seat 

of a vehicle frame. The last end of the bar can be fastened to the shaft, suspension arm, or axle, depending on 

the vehicle design. For example, a vehicle travels along the road, the forces created by the vehicle movement 

produce a pair in the bar, which makes it rotate along its axis. 

The contract pair is the fact that the torsion bar obviously wants to withstand torque and return to its normal 

state. In this way, the suspension provides a level of resistance to the forces generated by the movement of 

the vehicle. This resistance is the fundamental principle of a torsion bar suspension system. 

 

 

 
Working of torsion bar 

Torsion bars use the torsional properties of a steel bar to provide similar functions to the helical springs. One 

end of a bar is rigidly attached to the chassis of the vehicle. The other end is attached to a fork, which acts as a 

lever that moves perpendicular to the torsion bar. When the wheel hits a stone or the projections, the vertical 

motion moves to the fork and then, by lever action, to the torsion bar the torsion bar then rotates to the sides 

of its axis to provide spring force. European car manufacturers have used this system extensively, as did 

Packard and Chrysler in the United States in the 1950s and 1960s. 
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Advantages 

There are several key benefits in this system. The design of the twist bar suspension occupies less space than 

other suspension systems. This makes vehicle designers creating a more spacious passenger compartment. 

Lifting the bars can also be changed more readily than other suspension systems. They are also extremely 

durable and usually have a long life span. 

Disadvantages 

There are also several disadvantages of twist bars. The main disadvantage is that these bars generally do not 

offer what is known as a progressive spring rate. Generally in suspensions with a progressive spring, the spring 

coils are spaced apart at different distances. This allows the suspension system to help keep braking, steering 

and steady maneuverability, ensuring a smooth and comfortable ride. Vehicles with twist bars are repeatedly 

adjusted to provide a solid handling experience at the expense of driving accuracy or easier driving at the 

expense of vehicle handling quality. 

Shackle 

A cricket is a U-shaped metal piece fixed with a pin or pin through the opening, or a zip fastener fastened with 

a quick-release clamp mechanism. The term also applies to handcuffs and other retention devices conceived in 

a similar manner. Sockets are the main connecting link in all types of rigging systems, from boats and boats to 

industrial crane cranes, since they allow you to quickly connect or disconnect different sub frames. 

A leaf spring can be attached directly to the frame at either end or can be attached directly to one end, usually 

at the front, with the other end attached by an arm, a short swing arm. The hook adopts the tendency of the 

leaf spring to stretch when it compresses and therefore provides a softer elasticity. Some sources ended in a 

concave end, called "fine spoon" (rarely used now), to bring a rotating member. 

Resistance to motion 

This is the strength that a vehicle faces when trying to pass from a loss condition or when it speeds up. This 

resistance must be overcome by the engine's power plant to keep the movement. When the power output is 

less than the resistance to movement, the vehicle will gradually decrease the speed. We should have hoped to 

slow the bikes if we stopped pedaling. The bicycle slows even if it rises or the wind blows from the front. A 

badly inflated tire also causes the vehicle to rotate more and slow down. These are the resistances that force 

the vehicle to slow down under its effect. 

In general, resistances can be classified into the following categories: 

 

 Aerodynamic drag 
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 Gradient resistance 

 Rolling resistance 

 Inertia 

All of the above produces a restrictive force that works against traction force. The traction force must be 

greater or equal to the resistance forces to maintain a sustainable movement. We can balance how 

 

F = F req = FA + FG + FR + FI 

Where 

FA= Force due to air resistance 

FG = Force due to gradient of a slope 

FG = Force due to rolling resistance 

FI = Force due to moving or static inertia 

The latest FI is only on the scene when the vehicle accelerates or decelerates, while the first three always offer 

resistance even when the vehicle moves at a constant speed. 

 

Air resistance/ Aerodynamic drag: 

When a body travels within a dense medium, the molecules of the medium clash with the moving object and 

then absorbs part of the energy. This feels like a resistance to the moving object. If the medium is denser then 

resistance is more. Also, when the object moves at a faster speed, the resistance increases proportionally 

mathematically, it can be expressed as: 

 

FA = −½ × Cd × P × V² 

Where 

Cd = Co−efficient of discharge 

P = Pressure 

V = Velocity of the vehicle 

 

Gradient resistance: 

When the vehicle travels uphill, a component of its weight runs in the opposite direction to the movement if 

no power is supplied to overcome this backward force then the vehicle slows down, stops and retires. If the 

ehi le o es uphill ith a slope of θ, then the weight of the vehicle, W has two components: one 

perpe di ular to the road surfa e ith a alue WCos θ  a d the other alo g the road surfa e ith a alue 
Wsi  θ . The o po e t alo g the road surfa e is the o e that seeks to li it the o e e t. 
 

The gradient resistance is given by: FG = W·Si  θ 

 

 
 

Rolling resistance 
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When a vehicle is rolled, wheel with tires in contact with the road surface Relative movement of two hard 

surfaces causes friction. In addition, neither the road nor the tires are perfectly rigid. So both of them are 

slightly under load Since there is a gradual deformation in the contact between the road and the tire, the 

largest at the lowest and smaller point at the inlet and outlet points, the tire sliding w.r.t. the road produces 

another type of energy loss that causes resistance. 

 

Rolling resistance is comprised of the following elements: 

 Tire Rolling resistance: FR,T 

 Road rolling resistance: FR,Tr 

 Resistance due to tire slip angle: FR,α 

 Resistance due to bearing friction and residual braking: FR,fr 

Hence the rolling resistance offered may be written as: 

FR = FR,T + FR,Tr + FR,α + FR,fr 

The tire rolling resistance FR,T is a result of the resistance due to flexure of the tire, air resistance on the tire and 

friction of tire with the road. These three can be summed up and written as: 

FR,T = FR.T.flex + FR.T.A + FR.T.fr. 

In a simplified manner the total rolling resistance can be related to the vertical load on the wheels and can be 

written as: 

Co−effi ie t of rolli g fri tio , kR = FR/FZ.w 

 

Power & Torque curve 

Power and torque are the figures that reveal the car's heart's ability in terms of the car's work and the rotation 

force that will be available for its wheels. Just going through the list of specifications and then getting to the 

conclusion after doing some simple subtraction operations can sometimes mislead you and make you buy a 

new car that cannot meet your expectations. The figures of power and the pair are important, but 

understanding beyond the numbers would be a great help. All this, to give birth to the need to underestimate 

the P / T curves 

POWER & TORQUE 

Power in simple terms can be defined as work rate, i.e. power = work / time. 

In units, it is usually expressed in PS or bhp. Power essentially means the car's heart's ability to do an efficient 

job (in this case, its ability to move a car) over the time it takes to complete it. This means more work done by 

the power plant, more powerful than it is; For example, the engine running 100 units of work in one minute is 

better than its counterpart, which has an output of 80 work units in the same time constraint. 

On the other hand, the torque or rotation force is calculated by multiplying the force and the distance. Torque 

= Force X Distance. 

 

The torque unit is Newton-meter (Nm) or Kgm. In the case of a car engine, the torque is calculated by 

multiplying the force applied by the piston rod to the crank for the length of the maneuvering arm. This clearly 

highlights the role of the crankshaft length in the generation of torque digits. The longer the link rod arm, the 

greater the amount of torque generated. 
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Torque & mechanical efficiency at different vehicle speeds: 

 

 

 
 

Braking System 

  A brake is a mechanical device that inhibits movement, slows or stops an object moving or hindering 

its movement. 

  Types of braking system in Automobile; 

 By applications – 

 1.     Foot Brake, 

 2.     Hand brake. 

 By Method of power – 

 1.     Mechanical brake, 

 2.     Hydraulic brake. 

 3.     Vacuum brake, 

 4.     Electrical brake and 
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 5.     Air brake. 

 By method of operations – 

 1.     Manual brake, 

 2.     Servo brake. 

 3.     Power operation. 

 By construction – 

 1.     Drum type brake,  

 2.     Disc type brake. 

Anti-lock braking system (ABS) 

  This is a car security system that allows a vehicle's wheels to maintain contact with the road traction 

surface according to driver input during braking, preventing wheel locking (spinning down) and slipping 

without uncontrolled. It is based on the principles of threshold braking and braking cadence used by 

experienced drivers with braking systems of the previous generation. The ABS makes it faster and with good 

control of a driver capable of handling. 

ABS generally offers better vehicle control and reduces braking distances on dry and slippery surfaces for 

many drivers; however, as loose gravel or snow-covered flooring surfaces may have significantly more braking 

space, although vehicle control has improved. 

Since their widespread initial use in production cars, anti-lock braking systems have evolved remarkably. 

Modern ABS not only prevents wheel locking during braking, but also electronically controls the front and rear 

braking inclinations. This feature is known as Electronic Brake Force Distribution (EBD), Traction Control 

System, Emergency Brake Assist or Electronic Stability Control (ESC). 

 

 Operation 

   Typically, an ABS includes an electronic control unit (ECU), four speed wheel sensors, at least two 

hydraulic braking hydraulic valves. The ECU continuously monitors the rotation speed of each wheel; If a 

wheel rotates significantly more slowly than others, an indicative state of impending locking of the wheels, 

drives the valves to reduce the hydraulic braking pressure on the wheel concerned, thereby reducing the 

braking force on that wheel; the wheel then runs faster. 

 Conversely, if the control unit detects a significantly faster rotating wheel than the other, the hydraulic 

braking pressure at the wheel increases, then braking force is re-applied, reducing the speed of the wheel. 

This process is repeated repeatedly and the driver can find out by pressing the brake pedal. Some anti-lock 

systems can either apply or release braking pressure 15 times per second, and therefore, ABS-equipped coach 

wheels are virtually impossible to lock even during emergency braking under extreme conditions. 

The ECU is instructed to ignore the variations of the wheel rotation speed under a critical threshold, because 

when the car turns, the two wheels toward the center of the curve rotate more slowly than the two outer 

ones. For this same reason, a differential is used on all road vehicles. If you notice an error in any part of the 

ABS, a light will light on the vehicle dashboard, and the ABS will be disabled until you diagnose and eliminate 

the anomaly. 

ABS modern single brake lever used for the four wheels through a bucket-mounted sensor control system and 

a dedicated microcontroller ABS has become standard on most road vehicles currently produced and is the 

basis of electronic stability control systems, which are rapidly increasing in popularity due to lower electronic 

component prices over the years. 

 

Self-energizing brake 

A self-braking brake is the one that uses the effective braking drag force to increase the force with which the 

brake is applied. Before the advent of power brakes, many cars, especially the heaviest ones, have been 

equipped with various self-energizing brake shapes to reduce the required brake pedal force. A simple type is 

the brake front clutch performance bumper drum, where the brake shoe carries its pivot point. That is, the 

hub point is at the rear end of the brake shoe, considered by the direction of the movement of the brake 
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drum. In this design, the brake application causes dragging the brake shoe on the brake drum, which attracts 

the force and then forces the shoe against the drum, thus achieving more braking of the initial application 

force by multiplying it by some factor. 

Problems with self-energizing brakes are just as well known. They are very sensitive to changes in the friction 

coefficient, which naturally changes the multiplication factor. If the brake heats on a drop that reduces the 

friction coefficient, the multiplication factor is reduced and the brakes can just stop the car, a condition known 

as heat fading. On the other hand, if the friction coefficient increases, like the dispersion lubricant, it increases 

the friction coefficient and the brakes are locked with minimal application. These principles also apply to 

bicycle brakes that can be designed with self-energizing action and for inadvertently self-energizing brakes. 

 

Pneumatic Brakes 

The basic brakes are the most common braking systems on lorries and buses and work the same way as 

railway wagons. Using the principle of the triple valve, the air is collected inside the braking lines or air lines, 

releasing the brakes. Virtually all road vehicles with air brakes have a gradual release system in which a partial 

increase in pressure requires a proportional release in the brakes. 

 

 
 

The following components are unique to an air brake system in a truck or bus: 

 Air Compressor: Pumps the air to the storage tanks for use in the braking system 

 Air Compressor Controller: Controls the inlet and outlet of the air compressor to maintain a quantity of 

air set in the tank or tanks. 

 Air storage tanks: Keep compressed or pressurized air for use by the braking system 

 Exhaust Valves: Release the valves in the air tanks used to drain the air when the vehicle is not in use 

 Foot valve (brake pedal): pressed, air is released from the storage tanks 

 Brake chambers: cylindrical vessel housing a slack regulator that moves a membrane mechanism or 

gearbox 

 Push Bracket: A steel rod similar to a piston that connects the brake chamber to the slack adjuster. 

When pressed, the brakes are released. If it extends, the brakes are applied. 

 Slack regulators: an arm connects the brake camshaft to adjust the distance between the brake shoes 

 Camshaft: a s-cam that separates the brake shoes and the brake drum 

 Brake shoe: steel mechanism with a lining that causes friction against the brake drum 

 Return spring: a rigid spring attached to each of the brake shoes that returns the shoes in the open 

position when they are not separated from the cam or diaphragm. 
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At the minimum (with the feet on the brake and the air system of the vehicle loaded) the air pressure exceeds 

the diaphragm or the cam to s is in the closed position, resulting in a braking system released. As soon as the 

brake pedal is pressed, the air pressure decreases, rotating the s-cam and extending the brake shoes to the 

drum. The compressor fills the reserve tanks and when the pedal is allowed to retreat, the air pressure returns 

to its original state. 

Emergency air brakes integrate standard braking systems and can be activated by pushing a button on the 

dashboard (close to the one with the light we saw in the introduction). Before you can drive a vehicle with air 

brakes, you must press the emergency brake button to fill the air system. As the emergency system is 

pressurized, the emergency brake will remain free. If the system has a leak, the pressure may decrease 

sufficiently to activate the emergency brake. In addition, heavy vehicles are often equipped with an exhaust 

brake that helps the braking process, but this depends on the engine, not the air braking system. 

 

Power Brakes 

Power brakes are a hydraulic system used to brake or stop most motor vehicles. It uses a combination of 

mechanical components to multiply the force applied to the brake pedal by the driver in sufficient force to 

drive the brakes and stop a vehicle that can weigh more than tons. The brake pedal is connected to the 

vacuum amplifier that is the first step in multiplying the force. The amplifier passes the force to the main 

cylinder that compresses a fluid and strength through the brake lines to the brakes themselves. The fluid that 

is pushed to the brakes activates the brake calipers, which in the case of disc brakes push against the brake 

rotor causing a friction that slows down and finally stops the wheels of the vehicles. In the drum brakes the 

pistons push two pads against the brake drum and get the same effect. 

 

Principle of Air brake system: 

The air brake can be better understood by the layout diagram as shown in the figure. This system consists 

mainly of a compressor, an air filter, a tank, valves and brake pads. The compressor recalls air from the 

atmosphere through a filter and compresses it. This compressed air is sent to a tank through the bin valve, 

raised or opens at a preset pressure in the tank. This supply of air to the braking chambers is also called 

diaphragm unit arranged on each wheel, through the brake valve. 

  

 
The brake valve is controlled by the driver which can control the braking intensity according to the 

requirement. When the driver pushes the brake lever, the pressure in the tank decreases, pushing the brake 

towards the types and applying the brakes 
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Advantage of air brake: 

1. Air braking systems are much more powerful than conventional mechanical or hydraulic brakes and are 

therefore only used in heavy vehicles. 

2. They are easy to install in the chassis because they are interconnected by tubes. Compressor aerators can 

also be used to inflate tires, wipers, horns and many other accessories. 

 

Tyre Material 

Natural and Synthetic Rubbers 

Synthetic rubbers have been developed as natural rubber substitutes. There are several synthetic gums used 

for the construction of tires, in addition to natural rubber, as shown below. 

 

Natural Rubber (NR) 

        Natural rubber guarantees good wear resistance and excellent breaking strength. It also offers good adhesion 

to dry roads but provides moderate grip on wet surfaces. In addition, it has little build up of heat, but this 

merit is in contrast to the high gas permeability. In addition, the resistance this material offers to aging and 

deteriorating ozone is right. The sides and treads have been made with natural rubber, but today they are 

normally mixed with other synthetic rubbers to exploit their desirable properties minimizing their defects. 

 

Chloroprene (Neoprene) Rubber (CR) 

This synthetic rubber was one of the first to compete with natural rubber and is made of acetylene and 

hydrochloric acid. This rubber compound has good wear and tear resistance with a reasonable grip on the 

surface of the road. An important limitation is its inability to bind with the casing for which there is a natural 

rubber film between the strings and the neoprene coating. Neoprene rubber provides a moderately low gas 

permeability and does not indicate any signs of weathering or aging during the life of the tire. When mixed 

with natural rubber, it is suitable for side wall coverings. 

 

Styrene-butadiene Rubber (SBR) 

It is probably the most used synthetic rubber for the manufacture of the tire. These rubber compounds are 

made of styrene (a liquid) and butadiene (a gas). Styrene-butadiene rubber (SBR) forms a very strong bond to 

the fabrics and provides a very good wear resistance, but exhibits a poor breaking strength compared to the 

natural rubber. A notable feature of this rubber is its high degree of energy absorption or high hysteresis and 

low resilience, which allow an exceptional gripping characteristic, especially on wet surfaces. Due to the high 

heat buildup, this rubber is used only for the tread of the tire, while the sidewalls are usually made of low 

hysteresis compounds, which provide a higher rebound response and function colder. The combination of SBR 

and NR provides the best synthetic and natural rubber properties to be used so that only one rubber 

compound is used for some types of automobile tires. The high hysteresis characteristic of SBR is achieved 

partly by adding an extra high styrene content and a large proportion of oil, the general effects being the 

increase of the plastic rubber properties and decrease their resilience (ie, reduce their rebound response) . 

 

Polyisoprene Rubber (IR) 

This rubber has very similar characteristics to natural rubber, but it provides better wear and resistance to 

breakage. It has the additional advantage of extremely low heat buildup with normal rubber bending. This 

rubber material is mixed with natural rubber and styrene-butadiene rubber to produce tread bands with high 

abrasion resistance. This material is suitable for heavy applications such as chain tires, where high 

temperatures and difficult ground handling are a problem. 

 

Ethylene Propylene Rubber (EPR) 

This rubber offers the great advantage of mixing it with large amounts of carbon black and cheap oil without 

losing its rubber properties. Depending on the composition of the compound, it provides excellent abrasive 
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aging and ozone resistance with different qualities of road behavior in humid climates. It also has a variable 

resistance to slip on ice. An important disadvantage with this rubber compound is that it adheres badly to the 

fabric of the cable. Therefore, rubber compounds containing EPR have not proved to be successful as 

pneumatic material to date. 

 

Polybutadiene Rubber (BR). 

This compound provides a very high wear resistance and high resistance, i.e. a low level of hysteresis. It is 

exceptionally stable with temperature changes. When blended with SBR in the correct proportions, its wet 

handling reduces slightly but significantly improves its wear ability. Due to its high resistance (high rebound 

response), wet weather is relatively poor. For tire application, it is normally mixed with SBR in the proportion 

of 15 to 50%. However, it is costly to produce. 

 

Isobutene-isoprene (butyl) Rubber (IIR) 

This type of rubber has exceptionally low gas permeability. In practice, it keeps the air in the tubes ten times 

more than natural rubber, and has been widely used for internal tube tubes and for tubeless tire inner linings. 

Unfortunately, it is not combined with SBR and NR unless it is chlorinated. Its wear resistance is good and has 

a high level of hysteresis, so it becomes more plastic than the rubber in distortion. It provides a good grip on 

the dry and wet road. Its desirable properties are generally improved when mixed with carbon black. Because 

of its high hysteresis, it does not provide energy to the surroundings so that the beatings made of this 

material do not cause chirping noise. 

  

Merits and Limitations of Natural and Synthetic Rubbers Some cross tires are manufactured entirely using 

only a rubber compound from the tread to the heel. The severity of flexion of the casing with radial tires 

requires the use of various rubber compositions for various parts of the tire that have properties to the 

functional requirement of the workpiece (eg tread, hips, lining, lace, etc.) side walls are generally made of 

natural rubber alone or mixed with polybutadiene (BR) or styrene-butadiene rubber (SBR) or less neoprene or 

butyl rubber. The properties required for lateral wall material include ozone resistance and oxygen 

attachment, high fatigue resistance to prevent flex cracking and good compatibility with tissues and other 

rubber compounds when printed together. The wear life of tread wear and tear on the road depends heavily 

on the surrounding temperature, atmospheric conditions, including dry, wet, snowy or frozen conditions, and 

the type of rubber used. For clarity, a comparison with natural rubber and styrene-butadiene (SBR), possibly 

the most important synthetic rubber is performed. At low temperatures, styrene-butadiene (SBR) uses more 

than natural rubber, but at higher temperatures using less natural rubber. Since the severity of the tire 

operating condition increases, SBR tends to outgrow more than NR. The fatigue duration of all tires is reduced 

by increasing the degree of cyclic distortion. For the deflection of small tires, SBR offers better fatigue life, but 

for larger NR deviations it provides longer durability. The NR offers better resistance to ice and snow sliding. 

But when temperatures rise above the freezing point, SBR offers better traction resistance. 

 

Cross ply or Bias ply Construction: 

 In this type, alternative strings of strings are executed in opposite diagonal directions. 

  Also known as diagonal tire construction. 

  This type of tire has better wear characteristics and behaviors on the road. 

 The main tire layers work at 45 degrees from one bead to the other. 
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Tyre Construction 

The different parts of the tire are shown in the figure. A tire is made of fabric poles printed on a rubber lining 

and the edges of the poles are wrapped around a metal string that holds the rubber to the rim. The fabric 

poles are covered with a rubber tread and a different rubber compound for the side walls. The tire is cured in 

a mold to vulcanize the parts in a single unit and form the tread design. 

 

Major Components 

The carcass, beads, side walls, and tread are the major components of a tyre cover.  

Carcass It is a horseshoe-shaped inner lining and is made up of several layers of lace made of textile cord. The 

casing is the backbone of the tire construction and the tread, heel, and walls are molded into these rope poles. 

Bead This forms the inner rim of the rim and locates and centers the tire on the rim of the wheel. It has the 

rigidity and strength needed to support the corpse. To obtain this infinite wire core is printed circumferentially 

through the cable. 

Side Wall This constitutes the outer rubber cover of the carcass between the heel and the tread of the tire. 

The amount of protection provided to the casing and the rigidity of the tire during deflection depends on the 

thickness of the side wall. 

 

 

 
 

Fig Sectional view of a tyre Tread. 

 

This forms the part of the tire that comes into contact with the road surface when rolling the wheel. It is a 

rubber compound and its pattern design greatly influences the tire grip, handling on the road and useful life. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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