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Abstract— Nowadays vehicle accidents is the major problem. 

This system is based on the automatic bumper activation 

system is known as “Automatic pneumatic bumper with 

safety control system”. This system is assembled on four 

wheeler vehicle. This provide safety for vehicle as well as 

victims after accident. When vehicle meets with an accident 

the major possible damage is due to the burning of engine. 

The burning of engine happens due to the leakage of fuel after 

the accident. Basically engine runs on three flows, which are 

fuel flow, carburetor flow, and battery flow. If we cut any one 

of these three flows engine stops working. This burning of 

engine after accident can be avoided by blocking the engine. 

In this system pneumatic cylinders are mounted inside the 

bumper. When obstacle hits the car pneumatic circuit 

completes and gives feedback to the control unit. Then the 

control unit cuts any one of three flows. This total cycle 

completes within the fraction of second. In this way the safety 

of driver and other victims is improved to very large scale by 

decreasing possibility of burning of engine. 
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I. INTRODUCTION 

India is the largest country in the use of various type of 

vehicles. As the available resources to run these vehicles like 

quality of roads, and unavailability of new technologies in 

vehicles is cause for accidents. The number of people who 

falls prey to death during the vehicle accidents is also very 

large as compared to the other causes of death. After 

accidents the most important death factor is due to engine 

burning which often causes chances of explosion of vehicle. 

No such technologies are present in today’s automobile 

sectors. After accidents the first impact is on bumper, no 

measures are taken to protect or prevent the damage that 

happens to bumper and then to engine, safety measures for 

only passengers are used in cars such as seat belts and air bags 

are present. No technology has been implemented which will 

avoid damage to engines which on its part will somehow 

protects the passengers life. As a result installing a pneumatic 

bumper with safety control system is now a necessary. An 

electronically controlled bumper system is an automatic 

pneumatic bumper. It is equipped with a number of control 

circuits and sensors. This concept is specifically developed to 

control the impact force of four-wheeled vehicles. If an issue 

is discovered, a bumper activation mechanism prevents it 

from happening. Automobile and mechatronics technology 

has grown in relevance in the automotive industry. The goal 

is to create and build a control system that is based on an 

intelligent electronically controlled car bumper activation 

system. This system consists of transmitter and receiver 

circuit, Control Unit, Pneumatic bumper system. The impact 

sensor is used to detect the obstacle. The bumper activation 

system receives a control signal when an obstacle gets closer 

to the vehicle. The pneumatic bumper system protects both 

the driver and the vehicle. When the vehicle speed exceeds 

40-50 km/h, the bumper activation mechanism is triggered. 

Automatic pneumatic bumper with safety control system is 

fully equipped by IR sensors circuit and pneumatic bumper 

activation circuit. It is a project which is fully equipped and 

designed for automobile vehicles. This forms an integral part 

of best quality. This product underwent strenuous test in our 

automobile vehicles and it is good. 

II. LITERATURE REVIEW 

Jadhav N. D, Gulmire S.M, Ghutukade R.S, Gaikwad A.S, 

Prof.Fegade S.G. [1] proposed that in conventional vehicles 

there are different mechanism operated for braking system 

like hydraulic, pneumatic, air, mechanical, etc. But all these 

braking mechanisms receive the signal or input power 

directly from the driver so it is totally manually operated. 

When the driver see the obstacle or any vehicle in front of his 

driving vehicle, he gets irritated. Due to this the driver fails 

to give the proper input to braking system and proper working 

does not occur. Also the driver may not able to pay full 

attention during night travelling so there are many chances of 

accidents. The majority of bumpers used in today's vehicles 

are stiff. These bumpers have a specific capacity, and if the 

range of the unintentional force is too great, the bumpers will 

fail, transferring the forces to the passengers. As a result, this 

strategy never reduces the amount of damage caused to the 

vehicle and its occupants. To counteract these undesirable 

effects, the Automatic Braking System with Pneumatic 

Bumpers must be designed. 

 Mohit Tomar, Abhishek Chakraborty [2] proposed 

that in a vehicle, bumper is the front most or rears most part 

and designed to allow car to sustain an impact without 

damage to the vehicle’s safety systems. It is increasingly 

being designed to minimize the flow of collision energy 

struck by cars. According to accident research, the poor 

bumper design is responsible for a number of fatalities and 

significant injuries. A bumper is designed or manufactured to 

absorb impact energy during a collision. However, the 

aesthetics of the bumper have surpassed the structural design 

of the bumper in recent years. Nonetheless, the bumper's 

design requirements and rules should not be jeopardised 

under any circumstances. In this paper bumper has been 

redesigned with an energy absorber to protect occupants and 

reduce vehicle damage in the event of a collision 

 Mr. Nitin S. Motgi, Prof. S. B. Naik, and Prof. P.R. 

Kulkarni [3] all agree that the automotive business is vast and 

that research is still ongoing. From this perspective, 

passenger automobile safety and comfort are critical. As a 

result, the researchers must concentrate on safety and 

discomfort. It is critical to keep up with this advancement in 

bumper design. This will improve the bumper's performance, 

improve the absorbing capacity during impact loads, and 

strengthen the front automobile component's protection. This 
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study intends to improve the design of a passenger car's front 

bumper and provides a cost-effective option for the front 

bumper material by focusing the cost-cutting element. The 

approach used involves a review of the front bumper system, 

as well as the design and analysis of a new front bumper 

utilizing CAD/CAE software. 

 Pradeep Kumar Uddandapu Assistant Professor, 

Dept. of Mechanical Engineering, K.S.R.M College of 

Engineering, Kadapa, and Andhra Pradesh, India [4] 

proposed that bumper is one of the main parts which are used 

as protection for passengers from front and rear collision The 

purpose of this research was to examine and investigate the 

structure and materials used in one of the vehicle 

manufacturers' bumpers. The most essential variables, such 

as material, structures, forms, and impact conditions, are 

investigated in this study for bumper beam analysis in order 

to improve crashworthiness during a collision. 

III. OBJECTIVE 

To design, analyze and manufacture a purely automatic 

pneumatic bumper with safety control system, with the least 

possible initial and maintenance cost. This project focuses on 

satisfying the safety needs of automobile industry. 

IV. WORKING 

When car is travelling at the speed of 100 km per hour or 

more and incase it collides with any obstacle or vehicle, 

impact will be on bumper which then passes to the engine and 

further to the passengers. In the major accidents like this, the 

large amount of impact forces are induced in structure of 

vehicle and engine. Because of this large amount of force, 

leakage in engine occurs, due to this leakage mixing of fuel 

and spark takes place resulting in explosion of vehicle, 

causing death of passengers. Mixing of fuel and spark at this 

instant can be avoided by blocking of engine. Basically 

engine runs on three flows which are fuel flow, battery flow 

and carburetor flow. If we cut any of these three flows then 

engine stops running. 

 To avoid all above there is a need to develop new 

safety system. For this purpose, I am designing a pneumatic 

system which consist two pneumatic cylinders, sensors and 

control unit. In pneumatic cylinder high pressure compressed 

air is working material and this cylinder can sustain high 

forces also. Pneumatic cylinders are mounted right behind the 

bumper. When obstacle hits bumper then large amount of 

impact force is absorbed by pneumatic cylinders. After 

collision the actuation of pneumatic circuit takes place. Shock 

sensor mounted on the cylinder, as first impact will be at the 

cylinder, these sensors will sense the shock or the jerk and 

will pass on the feedback to the control unit. Now the control 

unit does its work of cutting the battery flow. As the battery 

flow is stopped by the control unit the blocking of engine is 

achieved. Thus the mixing of spark and fuel is prevented. 

 
Fig. 1: System Flow diagram 

V. DESIGN     

GIVEN-  

For car 1 

 Mass of car(𝑚1)   = 1500 kg 

    Speed of car(𝑣1)  = 120 kmph 

For car 2 

 Mass of car(𝑚2) = 1500 kg 

 Speed of car(𝑣2) = 70 kmph 

A. CASE –I 

VEHICLES TRAVELLING IN SAME DIRECTION 

As both cars are travelling in same direction so relative 

velocity of car 1 with respect to car 2 is 

 = (speed of car 1)-(speed of car 2) 

              = 𝑣1 - 𝑣2 

 =120-70 

 =50 kmph 

Distance travelled by car after collision(x) =1m 

Fraction coefficient between tire of car and road (µ) = 0.5 

We know that, 

Energy lost by the car = work done by the external forces 

  
1

2
𝑚1(𝑣1 − 𝑣2)2   = (𝐹𝑥 −  𝜇𝑚1𝑔) 

 
1

2
×1500×(33.33 − 19.44)2 = (𝐹 + 0.5 × 1500 × 9.81) 

F = 138 KN 

For one cylinder force (F) = 69 KN 

B. CASE- II 

IF CAR COLLOIDES WITH STATIONERY BODY 

Energy lost by the car = work done by the external forces 
1

2
𝑚1𝑣1

2 = (𝐹𝑥 +  𝜇𝑚1𝑔) 
1

2
× 1500 × 33.3332 = (𝐹 + 0.5 × 1500 × 9.81) 

F = 825959.1668 N 

For one cylinder 

F = 412979.5834 N 

C. CASE-III 

IF COLLISON IS HEAD ON COLLISON 

Force due to car approaching to our car 
1

2
𝑚2𝑣2

2 = (𝐹𝑥 +  𝜇𝑚2𝑔) 
1

2
× 1500 × 19.442 = (𝐹 + 0.5 × 1500 × 9.81) 

 F = 276077.7 N 

For one cylinder 

F = 138038.85 N 

Force due to our car for one cylinder F = 412979.5834 N 

Total impact force on bumper =412979.5834 +138038.85 

= 551018.4334 N  
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As we are designing the bumper for absorbing 70% of impact 

force 

So designing force = 551018.4334×0.7 

     = 385712.9034 N 

In case III impact force on bumper is maximum therefore 

designing pneumatic cylinder for this case. 

Designing of pneumatic cylinder 

Given- 

  Mass of car     =   1500 

 ‘A’ is area of of piston =  
𝜋

4
𝑑2 

            = 
𝜋

4
× 2002  

            = 31415.9265 mm 

Pressure inside cylinder =  
𝐹

A
 

                                       = 9.97 MPa 

                                       = 10 MPa 

 Distance traveled by car after collision(x)   = 1m 

Material used = plain carbon steel (15C8)  

Factor of safety (FOS) = 2 

Inner diameter of cylinder = 𝑑𝑖 = 20 cm 

𝑠𝑢𝑡 = 440 N/mm2 

𝑠𝑦𝑡 = 240 N/mm2 

𝜎𝑎𝑙𝑙l = 240/2 =120N/mm2 

As material is ductile so by maximum principle strain theory 

(Clavarino’s Equation)  

Thickness of cylinder (t) =  
𝒅𝒊

𝟐
[√

𝝈𝒂𝒍𝑙+ 𝒑𝒊(𝟏−𝟐𝝑)

𝝈𝒂𝒍𝒍− 𝒑𝒊(𝟏+ 𝝑)
− 𝟏] 

   = 
𝟐𝟎𝟎

𝟐
[√

𝟏𝟐𝟎+𝟏𝟎 ( 𝟏−𝟐×𝟎.𝟐𝟗)

𝟏𝟐𝟎−𝟏𝟎( 𝟏+𝟎.𝟐𝟗 )
− 𝟏] 

                              = 7.69 mm 

Outer diameter of cylinder (do) = di+2t 

                         = 215.375 mm 

 

VI. PROPOSED WORK 

The project is designed and manufactured in such a way that 

it will satisfy all the needs of safety system of vehicles. As 

this system is to be mounted right behind bumper so there is 

issue of available space. Therefore, I did a survey of available 

space in different vehicles of different class and concluded 

that available space is different for different vehicles and 

manufacturers. Hence project setup should be such that it can 

fit in any vehicle. 

Sr no. Vehicle name Available space 

1 Mahindra Boloro 30cm 

2 Maruti Suzuki swift 24cm 

3 Tata Indica 25cm 

4 Hyundai i20 23cm 

5 Toyota fortuner 28cm 

6 Maruti 800 20cm 

Table 1: Available space in vehicles 

A. Pneumatic Cylinder: 

There is only one compressed air connection on these 

cylinders. The piston is moved in one direction by the 

incoming compressed air, and the cylinder force is built up in 

that direction. The air is simply evacuated from the cylinder 

if the piston needs to return to its original position. The piston 

is pushed back to its original position by the mechanical 

spring. The piston action generates no excess or low pressure, 

hence this portion features a ventilation/exhaust hole. 

 Advantages: 

1) Defined position in the event of a power failure. 

2) Reduced air consumption. 

3) Easy actuation via 2-way valve. 

 Disadvantages: 

1) Cylinder has a longer construction length. 

2) Spring-dependent stroke length limits the maximum 

stroke length. 

3) Force is only built up in one direction. 

4) Force is reduced by the spring force. 

5) No constant force (stroke-dependent) 

 
Fig. 2: Schematic diagram of pneumatic cylinder 

 
Fig. 3: Pneumatic cylinder 

B. Material: 

The material may be chosen based on the task specifications. 

Nickel-plated brass, aluminium, steel, stainless steel, and cast 

iron are among the materials used. The right material may be 

chosen based on the amount of loads, humidity, temperature, 

stroke lengths required, and economic considerations. For 

superior impact damping, high strength, and low cost, I have 

chosen plain carbon steel (15C8) in this system. 

C. Sensor: 

Impact sensors, often known as shock sensors, detect the 

force of an impact or a shock. Impact sensor detects impact 

and provides feedback to control unit in a fraction of a second 

for future actions. In this model, I implemented a light 

sensing circuit as an impact sensor due to cost constraints. 

One light emitting source and one LDR are used in this 

circuit. In this design, the light emitting source shines directly 

on the LDR, lowering its resistance and allowing the relay 

circuit to keep the battery power flowing to the motor. If the 

position of the light source changes as a result of the collision, 

the LDR does not receive light and resistance increases, 

causing the battery to cut off and the motor to stop running. 
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Fig. 4: Circuit diagram 

VII. MODEL 

As actual engine was not economical for experimental 

purpose therefore to explain this concept, I have constructed 

small scale model of vehicle with automatic pneumatic safety 

system on it. In that model small pneumatic cylinder and 

impact sensor is used to explain actual working of safety 

system. To run the model electric motors are used which are 

powered by battery and have constructed cast iron frame for 

mounting of all the components which consists of two parts 

out of these two parts front one acts as bumper and other one 

acts as a chassis. 

 
Fig. 5: Front view of model 

 
Fig. 6: Side view of model 

VIII. TESTING 

After manufacturing the small scale model I tested the model. 

Circuits were mounted which consist of impact sensor which 

was connected to the gear motor. Connections were further 

made with the battery. Now starting the battery flow model 

moved with certain speed and hit the obstacle on its way. 

Thus the impact was sensed by the sensor which consists of 

LDR and light source, aligned with each other. Therefore the 

LDR receives the light continuously. As the alignment breaks 

due to impact to the bumper the resistance in LDR increases 

and the battery flow stops.  

 These operations after impact are carried within 

fraction of seconds. Thus the response of impact sensor is 

very high, due to which the model stops moving as the battery 

flow is turned off immediately after impact. In this way 

testing was conducted successfully, results were plotted and 

conclusion was made. 

Test no. Hitting time Battery flow cut off time 

1 10 sec 0.55 sec 

2 7 sec 0.54 sec 

3 5 sec 0.56 sec 

Table 2: Test Results 

 From the above test and test results it can be 

concluded that automatic pneumatic bumper with safety 

control system can be used as another safety systems in cars, 

as it can stop the fuel flow given to the automobile 

successfully and thus assuring the safety of man and machine. 

IX. CONCLUSION 

Behind the designing of this system, main aim is to improve 

the prevention technique of accidents and also reducing the 

hazard from accidents like damage of vehicle, injury of 

humans, etc. I observed that my work is able to achieve all 

the objectives which are necessary.   

X. FUTURE SCOPE 

The Automatic pneumatic bumper system can be 

implemented in automobile sector. By installing this modern 

safety feature in four wheel vehicles the safety of passengers 

as well as vehicle engine can be improved. Cost of this safety 

system is low in comparison of other safety system so this 

safety system can be installed in front as well as in backside 

bumper. 
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