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Abstract: 

The technology of pneumatics has gained maximum importance in the field of automation from o ld-fashioned timber works and coal 

mines to modern machine shops and space robots. It is therefore important that technicians and engineers should have a good 

knowledge of pneumatic system, air operated valves and accessories. Our aim is to design and manufacture a control system based on 

smart electrically controlled auto matic bumper act ivation system called "Smart Braking system with Pneumatic Bumper". This system 

consists of Infrared transmitter and Receiver circuit , Control Unit, Pneumatic bumper system and braking unit. The IR sensors are 

used to detect the obstacle coming in front of vehicle. If there is any obstacle closer to the vehicle, the control signal is given to the 

bumper activation system braking unit. The pneumatic bumper system is used to provide safety to the man and vehicle. Now a day’s 

vehicle accidents are the major problem. This smart breaking system is an innovative project for the purpose of preventing accidents 

or reduce the impact of frontal accident happens in the restricted roadways. The purpose of this system is based on smart electrically  

control automatic bumper and brake activation system known as “Smart braking  system with pneumatic bumper”. As well as this 

system improve the response time of vehicle braking to keep safe distance between two vehicles. 
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I. INTRODUCTION 

 

Today India is the most important under developed country in 

the world. India is the largest country in the use of various types 

of vehicles. As the available resources to run these vehicles like 

quality of roads, and unavailability of new technologies in 

vehicles are causes for accidents. The number of peoples which 

are dead during the vehicle accidents is also very large as 

compared to the other causes of death. Though there are various 

causes of the accidents but proper technology of braking system 

and technology to reduce the damage during accident are main ly 

effects on the accident rates. So today implementation of proper 

braking system to prevent the accidents and pneumatic bumper 

system to reduce the damage is must for vehicles. To get this 

system implementation goal, we design this Smart breaking 

system with pneumatic bumper. It is the project which has been 

fully equipped and designed for auto vehicles. 

 

In regular vehicles there are verious mechanism operated for the 

braking system like use of hydraulic, pneumatic, or mechanical 

system. But all these braking mechanis ms receive the input 

signal directly from the driver by application of force on brake 

pedal. Thus, braking of vehicles is totally manual operated. So, if 

the driver fails to see the obstacle in front of his driving vehicle 

or fails to apply proper braking force on the brake pedal, he may 

lose the control of his vehicle, leading to accident.  

 

Also the driver may not able to pay complete attention when 

driving at night. So there are many chances of accidents. Urgent 

application of brakes can result in veering of the vehicles due to 

skidding of tyre. Moreover, due to sudden application of brakes 

there are chances of other vehicles dashing from back. Hence, 

there is no provision to minimize the damage of vehicles. Thus, 

the current designed system only fairly reduces the damage of 

vehicle and/or passengers. 

II. LITERATURE S URVEY 

 

SrinivasaChari.V1, Dr.venk atesh P.R2, Dr.PrasannaRao 

N.S3, Adil  Ahmed S4[1] 

 

The author observed that the technology of pneumatics plays a 

major ro le in the field of automation and modern machine shops 

and space robots.. The aim is to design and develop a control 

system based smart electronically controlled automotive bumper 

activation and automatic braking system is called AUTOMATIC 

PNEUMATIC BUMPER AND BREAK ACTUATION 

BEFORE COLLISION. This project consists  of IR transmitter 

and Receiver circuit, Control Unit, Pneumat ic bumper system 

and pneumatic braking system. The IR sensor are used to senses 

the obstacle. If there is any obstacle closer to the vehicle (within 

2-3 feet) the control signal is transferred to the bumper activation 

system and also pneumatic braking system simultaneously. The 

pneumatic bumper and braking system is used to product the 

man and vehicle. This bumper and braking system is only 

operate if the vehicle speed above 30-40 km per hour. This speed 

of vehicle is sensed by the sensor and this signal is transferred to 

the control unit and pneumatic bumper and braking activation 

system. 

 

Dr. P. Poongodi PPG Institute of Technology, Coimbatore, 

Tamil Nadu, INDIA – 641012. Mr. P. Dineshkumar, 

Karpagam University, Coimbatore, Tamil Nadu, INDIA – 

641021.[2] 

 

In this paper, the need for safety of vehicles by reducing the 

impact of crash by applying a smooth or partial braking with the 

help PIC 16F877a micro controller is proposed. The driver’s risk 

of sensing the object from a particular distance and not able to 

notice within the certain  limit such conditions are occures while 

designing this work. Once the similar situation will faced to 
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acceleration of the vehicle will be direct ly controlled without 

any disturbing the safe throttle (actuation mechanism) of the 

vehicle, the designed machine itself takes the control of 

acceleration pedal if the brake is not applied within the 

predetermined distance. 

 

Takahiro Wada “A Deceleration control method of 

automobile for collision avoidance based on driver 

perceptual risk” IEEE international Conference on Smart 

Robots and Systems, Oct 4881-4886 [3] 

 

The author observed that the to reduce rear-end crash of 

automobiles, it is important to judge necessity of deceleration 

assistance as earlier as possible and initiate the assistance 

naturally. On the other hand, we have derived a mathematical 

model of driver's perceptual risk of proximity in car following 

situation and successfully derived driver decelerat ion model to 

describe deceleration patterns and break initiat ion timing of 

expert driver. In this paper, an smart braking system for accident 

avoidance will be proposed based on the formulated brake 

profile model and brake in itiation model of expert driver to 

realize smooth, secure brake assistance naturally. In addit ion, 

experimental results using a driving simulator will show validity 

of the proposed system based on subjective evaluation. 

 

Matthew L. Brumbelow David S. ZUBY Institute of 

Highway S afety United States Paper No. 09-0257 “IMPACT 

AND INJURY PATTERNS IN FRONTAL CRASHES OF 

VEHICLES WITH GOOD RATINGS FOR FRONTAL 

CRAS H PROTECTION”[4] 

 

There are two consumer evaluation programs of vehicle frontal 

crashworthiness in the United States. The National Highway of 

Traffic Safety Admin istration (NHTSA) gives occupant 

protection ratings of 1 to 5 stars for the drivers based on vehicle 

performance in  a fu ll-width test into a rig id wall at 35 mi/h (56 

km/h). The Insurance Institute for Highway Safety (IIHS) 

assigns vehicle ratings of good, acceptable, marginal, or poor 

based on performance in a 40 mi/h (64 km/h) test in which 40% 

of the vehicle front impacts a deformable barrier. These 

programs were introduced, structural and restraint system 

designs have very good improved substantially, and high test 

performance now is treated as a de facto standard. Among 

vehicles rated in the IIHS frontal offset test between January 

2005 and May 2008, 85% received good ratings, with  the rest 

receiving the second highest rating of acceptable. In this 

NHTSA’s frontal Car Assessment Program (NCAP), 95% of 

model year 2008 vehicles achieved a 4- or 5-star rat ing for both 

the driver and right front passenger. 

 

III. OBJECTIVES  

 

1) To increase the sureness of braking Applicat ion.  

 

2) To increase the response time of braking system.  

 

3)  To improve the pre-crash safety.  

 

4) To avoid the percentage of passenger injury by using  

external vehicle safety.  
 

5) To reduce the requirement of internal safety devices          

like air bags. 

IV. METHODOLOGY 

 

 
 

V. CONCEPTS 

 

The project is combination of the mechanical and Electronics, 

which is fairly known as the Mechatronics. Mechatronics is a 

combination of field of engineering that includes relations of 

systems engineering, mechanical engineering, electrical 

engineering, telecommunication engineering, control 

engineering and computer engineering. The upcoming world is 

full of Automat ion so we need to develop a system which is fully 

automatic. 

 

 
Figure.1. Concept of Mechatronics 

 

IR transmitter and Receiver 

The IR TRANSMITTER circuit is to transmit the Infra-Red rays. 

If any obstacle is there in a path, the Infra-Red rays reflected. 

The reflected Infra-Red rays from the obstacle are received by 

the receiver circuit is called “IR RECEIVER”. The IR 

TRANSMITTER circu it is to transmit the Infra-Red rays. If any 

obstacle is there in a path, the Infra-Red rays are reflected. This 

reflected Infra-Red rays are received by the receiver circu it 

which is called as called “IR RECEIVER”. The Infrared receiver 

circuit  receives the reflected IR rays  from the obstacle and 

giving the control signal to the control circu it. The control circu it 

is used to activate the solenoid valve. This system works when 

driver does not apply brake manually In this case the chances of 

accident are very high. When any obstacle is detected by IR 

sensor the signals are sending to both braking and bumper 

system. Thus the brakes are applied and bumper is activated. 

This system can help to save the people sitting inside the vehicle 

and also will save the external body of vehicle from getting 

damaged. 

1. 
• Problem Statement 

2. 
• Feasibility & Literature Review 

3. 
• Preliminary Design 

4. 
• Design Calculations 

5. 
• CAD Modeling  

6. 
• Final Design 

7. 
• Manufacturing 
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Double Acting Cylinder: 

Pneumatic cy linders (actuators) are mechanical devices which 

use the power of compressed air to produce a force in a 

reciprocating linear motion. Like hydraulic cylinders , something 

forces a piston to move in the desired direction. The piston is a 

disc or cylinder, and the piston rod transfers the force it develops 

to the object to be moved. Engineers sometimes prefer to use 

pneumatics because they are quieter, cleaner, and do not require 

large amounts of space for fluid storage. 

 

Forces in a Double-Acting Cylinder  

We know that the double-acting pneumatic cylinder can be more 

useful to us in pneumatics because of both the outstroke and 

instrokes are controlled by compressed air. Th is allows us to 

make use of both the outstroke and the instroke force. What we 

learn from the pneumatic cylinder, however, is that the outstroke 

force is greater than the instroke force.  

 

 
Figure2. Forces in double acting cylinder 

 

During the outstroke, the compressed air pushes against the 

surface area of the piston in the same way as in the single-acting 

cylinder. However, during the instroke of pneumatic cylinder the 

surface area is reduced because of the piston rod. This means 

that the compressed air does not have as big an area to push 

against and so it does not produce as big a force.  

 

5/2 Solenoid Valve  

Directional control valves  (DCV) are one of the most 

fundamental parts in hydraulic machinery as well and pneumatic 

machinery. They allow fluid flow into different paths from one 

or more sources. Solenoid usually consist of a spool inside the 

cylinder which is mechanically or electrically controlled. The 

movement of the spool restricts or permits the flow, thus it 

controls the fluid flow. 

 
 Figure. 3. 5/2 DCV Block Diagram 

 

A 5/2 solenoid valve or direct ion control valve from the name 

itself has 5 ports equally spaced and 2 flow positions. It can be 

used to isolate and simultaneously bypass a passage way for the 

flu id which for example should retract or extend a double acting 

cylinder. There are varieties of ways to have this valve actuated. 

A solenoid valve is commonly used, a lever can be manually 

twist or punch to actuate the valve, an internal or external 

hydraulic or pneumatic pilot to move the shaft inside, sometimes 

with a spring return on the other end so it will go back to its 

original position when pressure is gone, or a combination of any 

of the mentioned above. 

 

VI. DES IGN CALCULATIONS 

 

Frame design 

Material used –mild steel, square pipe 

Area=1*1inch=25.4*25.4=645.6mm2 

Length of link=30 inch=762 mm 

Weight of project=15 kg= 15*9.81 =147.15 N 

 

Solution 
Effective length 

Effective length, when both end fixed,  

Le=
 

 
=
   

 
=381 mm 

Internal Area  

Internal width and depth, which have 3 mm thickness, 

d=b=25.4-2*3 =19.41 mm 

19.41*19.41=376.36mm
2  

Moment of inertia  

I=
       

  
=
                    

  
 =22882.048mm4 

Crippling load by Euler’s formula  

To find the maximum load capacity of the material (Ultimate 

load) 

Pc=
    

   
=
                    

    
= 

=326.711kN 

Pneumatic cylinder  
For Bumper, 

Assumption:- 

Maximum force acting on bumper =100 N 

Factor of Safety =1.25 

Pressure= 4bar 

Total force acting on bumper= 

100*1.25 = 125 N 

For outstroke 

F = P*A 

          125   = 0.4 *A  

                A = 312.5mm
2  

We know that 

             A = 
 

 
 2 

Consider standard diameter is equal to 20mm 

Instroke force = Outstroke force  

Effective area =  
  

 
  2

-d
2
) 

         Where d= Piston rod area 

https://en.wikipedia.org/wiki/Mechanical_device
https://en.wikipedia.org/wiki/Hydraulic_cylinder
https://en.wikipedia.org/wiki/Piston
https://en.wikipedia.org/wiki/Hydraulic_machinery
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    F = P* A  

125 = 0.4 *
  

 
  2

-d
2
) 

     d =1.47 mm 

Select standard diameter= 7mm 

To increase the crashing distance in case of accident, we 

increase the stroke length of cylinder to extend the bumper. 

So Stroke length is equal to 100 mm. 

Outstroke force (Fo) = Pressure *Area of cylinder 

                 = 0.4*312.5 

                 = 125 N         

Instroke force (Fi)   = P*A 

                 = 0.4*275.66 

                                =110.26 N 

Stopping distance calculation 

Breaking distance= v
2
/2*μ*g 

                          μ = coefficient of dry friction 

                             = 0.7 

Consider model velocity =2 m/s  

                      Dbreaking = v
2
/2*μ*g 

                                   = 2
2
/(2*0.7*9.81) 

                                   = 0.29m 

Vehicle stopping distance after applying the brake 

                                   = 290mm 

Total stopping distance  

                       = Breaking distance +Bumper stroke 

                      = 290+100 

                      = 390 mm 

Total stopping distance = 390 mm  

Impact force calculation 

Consider Velocity of our model = 2m/s  

By equation of motion 

2as =  v
2
-u

2
 

                         Where 

                             s = Breaking distance, 

                             v = Final velocity, 

                             u =Initial velocity, 

2*a*0.39 =0
2
-2

2  

A= ± 5.128m/s
2 

We know that  

Force = mass* accl
n 

          = 15* 5.128 

Impact force =76.92 N 

VII. CONCLUS ION 

 

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

the prevention technique of accidents and also reducing the 

hazard from accidents like damage of vehicle, in jury of humans, 

etc. We observed that our work is able to achieve all the 

objectives which are necessary. Initial cost of cars with air bags 

is always high. Usually air bags are given to high end cars. By 

implementing this project we can reduce cost of high end cars by 

giving similar kind of safety. Air bags are helpful to provide 

internal safety to people sitting in vehicle, whereas in our project 

we will be giving internal plus external safety to car from 

damage. Thus we will reduce in itial cost of cars and also provide 

better safety 
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