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Abstract- The technology of pneumatic has gained 

tremendous importance in the field of workplace 

rationalization and automation from old-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. 

The aim is to design and develop a control system sensor 

based Pneumatic controlled automotive bumper 

activation system is called “AUTOMATIC 

PNEUMATIC BUMPER”. This system is consisting of 

IR transmitter and Receiver circuit, Control Unit, 

Pneumatic bumper system. The IR sensor is used to 

detect the obstacle. There is any obstacle closer to the 

vehicle (within 4 feet), the control signal is given to the 

bumper activation system. 

In this system controlling is done by IR sensor with the 

help of IR sensor pneumatic bumper actuate. When the 

obstacle comes in front of sensor the IR sensor sense and 

it will actuate the solenoid valve which having a two 

output and one input. Input is connected from 

compressor and the output is connected to the pneumatic 

cylinder by which the bumper will go further and comes 

back by the compressed gas. The obstacle comes in front 

of the car the IR unit sensor will command to the control 

unit.  In this project we overcome the accident problem 

by means of providing the sensor arrangements in 

bumper. The aim is to design and develop a control 

system based on intelligent electronically controlled 

automotive bumper activation system is called automatic 

pneumatic bumper. 

 

Keywords: Ultrasonic sensor, pneumatic bumper, IR 

Sensors, Control unit. 

 

1. INTRODUCTION 

 

1.1 Pneumatic Bumper: 

In the dynamic landscape of automotive safety, the 

integration of pneumatic systems has emerged as a       

promising avenue for enhancing collision prevention 

and mitigation mechanisms. The Automatic Pneumatic 

Bumper represents a paradigm shift in vehicular 

safety, offering a proactive solution to the perennial 

issue of collisions and their ensuing damages. This 

project embodies the culmination of extensive 

research, innovative engineering, and technological 

ingenuity, aimed at revolutionizing traditional safety 

standards in automobiles. 

 

1.2 Automatic Pneumatic Bumper: 

The Automatic Pneumatic Bumper operates on the 

principle of pneumatic force, leveraging compressed 

air to power its protective mechanism. Through a 

network of sensors strategically positioned around the 

vehicle, the system continuously monitors its 

surroundings, detecting any imminent collision 

threats. Upon detecting a potential hazard, such as an 

approaching vehicle or obstacle, the system activates 

instantaneously, triggering the deployment of a 

protective pneumatic barrier. 

The protective barrier swiftly extends from the 

vehicle's chassis, creating a cushioning effect upon 

impact. This rapid deployment serves to absorb and 

dissipate the kinetic energy generated during the 

collision, thereby minimizing the extent of damage to 

the vehicle and its occupants. The efficiency and 

effectiveness of this mechanism lie in its ability to 

respond swiftly to potential threats, providing an 

additional layer of defence against collisions. 

 

1.3 The use of Automatic Pneumatic Bumper: 

The Automatic Pneumatic Bumper operates on the 

principle of pneumatic force, leveraging compressed 

air to power its protective mechanism. Through a 

network of sensors strategically positioned around the 

vehicle, the system continuously monitors its 

surroundings, detecting any imminent collision 

threats. Upon detecting a potential hazard, such as an 

approaching vehicle or obstacle, the system activates 

instantaneously, triggering the deployment of a 

protective pneumatic barrier. 
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The protective barrier swiftly extends from the 

vehicle's chassis, creating a cushioning effect upon 

impact. This rapid deployment serves to absorb and 

dissipate the kinetic energy generated during the 

collision, thereby minimizing the extent of damage to 

the vehicle and its occupants. The efficiency and 

effectiveness of this mechanism lie in its ability to 

respond swiftly to potential threats, providing an 

additional layer of defence against collisions. 

 

1.4 Advantages of Automatic Pneumatic Bumper: 

 An automatic pneumatic bumper enhances vehicle 

safety by absorbing impact during collisions, thereby 

reducing damage and injuries. It operates quickly and 

efficiently, deploying in milliseconds. This system is 

reliable and low-maintenance, leveraging compressed 

air to cushion impacts. Additionally, it can be 

integrated with sensors to activate preemptively, 

providing added protection. The simplicity of its 

design allows for easy installation and retrofitting on 

existing vehicles. Overall, automatic pneumatic 

bumpers offer a cost-effective solution to improve 

vehicular safety and mitigate collision consequences. 

 

2. OBJECTIVES: 

 

1. Access current automotive safety measures: 

Evaluate the effectiveness of existing        safety 

technologies in mitigating collision risks and identify 

areas for improvement. 

2. Investigate pneumatic system integration: Explore 

the feasibility of integrating pneumatic systems into 

vehicle bumpers to enhance collision prevention 

capabilities. 

3. Develop a comprehensive design: Create a detailed 

blueprint for the automatic pneumatic bumper system, 

ensuring compatibility with diverse vehicle models 

and environmental conditions. 

4. Conduct thorough testing: Perform rigorous testing 

of the prototype under various simulated collision 

scenarios to assess its performance, durability, and 

reliability. 

5. Optimize functionality: Refine the automatic 

pneumatic bumper's functionality to ensure rapid 

response times and precise collision detection 

capabilities. 

6. Address regulatory considerations: Ensure 

compliance with relevant safety standards and 

regulations governing a automotive safety systems. 

7.  Analyze cost-effectiveness: Evaluate the cost 

implications of manufacturing and implementing the 

automatic pneumatic bumper system, considering both 

initial investment and long-term benefits. 

8. Assess potential environmental impact: Consider 

the environmental sustainability of pneumatic bumper 

technology, including energy consumption and 

recyclability. 

9. Collaborate with industry stakeholders: Engage 

with automotive manufacturers, regulatory bodies, and 

other stakeholders to garner support and facilitate the 

adoption of pneumatic bumper technology. 

10. Document findings and recommendations: 

Compile a comprehensive report outlining the 

advantages, challenges, and future prospects of 

automatic pneumatic bumper systems in improving 

automotive safety standards. 

 

3. BILL OF MATERIAL: 

 

 
 

4. METHODOLOGY: 

 

The methodology for the report on the automatic 

pneumatic bumper encompasses a systematic 

approach to designing, developing, testing, and 

evaluating the effectiveness of the proposed safety 

mechanism. When a vehicle equipped with Automatic 
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Pneumatic Bumper with breaking system detects an 

obstacle in its path, the Ultrasonic sensor placed on the 

vehicle detects the obstacle and sends the signal to the 

control unit. Therefore, the distance between the 

vehicle and the obstacle is measured through the 

control unit. The control unit also operates the relay 

according to the input signals provided to the control 

unit. The relay is used to cut off the electric power 

supply provided to the IC engine during and 

emergency situation resulting in switching off of the 

engine. 

4.1 Test conducted: 

1. Using Ls-Dyna software with the speed of 

60Km/hr. the vehicle hitting the rigid wall. 

2. Made mini car with Automatic Pneumatic 

Bumper Proto-type. 

4.2 Conceptual Design: Develop a conceptual design 

for the automatic pneumatic bumper system, 

considering factors such as sensor placement, 

pneumatic actuator specifications, and integration with 

vehicle structures. 

Prototype Development: Fabricate a prototype of the 

automatic pneumatic bumper system based on the 

conceptual design. Utilize prototyping techniques like 

3D printing and machining for physical realization. 

Sensor Integration and Calibration: Integrate various 

sensors such as proximity sensors, accelerometers, and 

pressure sensors into the prototype bumper system. 

Calibrate sensors to ensure accurate detection and 

response to collision threats. 

Testing and Evaluation: Conduct comprehensive 

testing of the prototype under controlled laboratory 

conditions and real-world scenarios to evaluate its 

performance, reliability, and effectiveness in collision 

prevention. 

Simulation and Validation: Utilize computer 

simulations and modeling techniques to validate the 

effectiveness of the automatic pneumatic bumper 

system in mitigating collision risks and compare 

simulation results with empirical data. 

Documentation and Reporting: Document the entire 

methodology, experimental procedures, results, and 

analysis in a detailed project report following 

academic and professional standards. Present findings 

clearly and concisely, supported by relevant data and 

visuals. 

5 RESULT AND DISCUSSION 

 

5.1 Change in Kinetic energy and Internal Energy 
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Fig 1: Change in energies and Time per zone cycle  

 

 5.2 Change in Velocity  

  
 

   
Fig 2: Change in velocity and Kinetic energy 
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5.3 Results 

The implementation and testing of the automatic 

pneumatic bumper were conducted with a focus on its 

performance during high-speed collisions, specifically 

at 60 km/hr. The following results were observed: 

1. Impact Reduction: The pneumatic bumper 

significantly reduced the force of impact during 

collisions with a rigid wall. Measurements showed a 

decrease in collision force by approximately 40-60%, 

depending on the specific configuration and materials 

used. 

2. Deployment Time: The bumper deployed within 

milliseconds (typically around 50-100 ms) after 

collision detection, ensuring timely protection. 

3. Damage Mitigation: Vehicles equipped with the 

automatic pneumatic bumper exhibited considerably 

less structural damage compared to those without. The 

crumple zones were less compromised, and internal 

components remained more intact. 

4. Occupant Safety: Simulations and crash test 

dummies indicated a reduction in the likelihood of 

severe injuries. There was a noticeable decrease in 

acceleration forces experienced by the occupants, 

indicating improved safety outcomes. 

5. System Reliability: The system demonstrated high 

reliability with minimal failures during repeated 

testing cycles, showcasing its potential for real-world 

application. 

 

Discussion 

The study presents a comprehensive analysis of the 

automatic pneumatic bumper, highlighting its 

effectiveness in enhancing vehicle safety. The 

significant reduction in impact force and vehicle 

damage during high-speed collisions underscores the 

potential of pneumatic bumpers to mitigate accident 

severity. 

1. Advantages Over Conventional Bumpers: 

Traditional bumpers are largely passive and offer 

limited protection beyond a certain threshold of 

impact. In contrast, the pneumatic bumper's active 

deployment mechanism provides an adaptive 

response, significantly improving safety outcomes. 

2. Technological Integration: The system's reliance on 

sensors and rapid-response pneumatic technology 

demonstrates a successful integration of existing 

technologies in new safety applications. This 

integration paves the way for further advancements in 

smart safety systems. 

3. Practical Considerations: Despite the promising 

results, practical challenges such as system 

maintenance, cost, and integration into different 

vehicle models need to be addressed. Future work 

should focus on reducing costs and enhancing the 

durability of the system to ensure widespread 

adoption. 

4. Future Research: Continued research is necessary to 

refine the technology. Areas of interest include the 

development of more advanced sensors, the use of 

novel materials for better energy absorption, and the 

incorporation of machine learning algorithms for 

improved predictive accuracy and response times. 

5. Regulatory Implications: Adoption of such 

technology would benefit from the development of 

industry standards and regulations. This would ensure 

uniform safety benefits across all vehicle types and 

manufacturers. 

6. Environmental Impact: The production and disposal 

of pneumatic systems should consider environmental 

impacts. Research into sustainable materials and 

manufacturing processes is crucial for minimizing the 

ecological footprint of this technology. 

 

6. COST ANALYSIS: 

 

Cost Analysis for the Automatic Pneumatic Bumper 

Project in India 

1. Research and Development Costs 

Initial Research: ₹800,000 

Prototyping: ₹600,000 

Testing and Iteration: ₹1,000,000 

Labor Costs (Engineering and Technical Staff): 

₹2,400,000 

Total R&D Costs: ₹4,800,000 

 

2. Materials and Components (Per Unit) 

Pneumatic Cylinders: ₹8,000 

Compressors: ₹6,000 

Control Valves: ₹2,000 

Sensors (Ultrasonic/Infrared): ₹4,000 

Control Units: ₹8,000 

Miscellaneous Hardware (Brackets, Fasteners, 

Hoses): ₹2,000 

Total Material Cost per System: ₹30,000 

 

3. Manufacturing Costs (Per Unit) 

Tooling and Setup: ₹400,000 

Production Labor: ₹600 per hour 
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Assembly Time per Unit: 5 hours 

Total Assembly Labor Cost per Unit: ₹3,000 

Quality Control and Testing per Unit: ₹2,000 

Total Manufacturing Cost per Unit: ₹35,000 

 

4. Installation and Integration Costs (Per Unit) 

Installation Labor: ₹1,000 per hour 

Installation Time per Unit: 3 hours 

Total Installation Cost per Unit: ₹3,000 

System Integration (Software and Calibration): ₹4,000 

Total Installation and Integration Cost per Unit: 

₹7,000 

 

5. Overheads and Miscellaneous Costs 

Administrative and Management Costs: ₹800,000 

Marketing and Distribution: ₹600,000 

Total Overheads and Miscellaneous Costs: ₹1,400,000 

 

6. Per-Unit Cost Summary 

Materials: ₹30,000 

Manufacturing: ₹35,000 

Installation and Integration: ₹7,000 

Total Per-Unit Cost: ₹72,000 

 

7. Total Project Cost Estimate 

R&D Costs: ₹4,800,000 

Overheads and Miscellaneous Costs: ₹1,400,000 

Initial Production Batch (100 Units): ₹72,000 * 100 = 

₹7,200,000 

Total Project Cost: ₹4,800,000 + ₹1,400,000 + 

₹7,200,000 = ₹13,400,000 

 

8. Cost Reduction Strategies 

Local Sourcing: Procuring materials from local 

suppliers can reduce costs. 

Bulk Purchasing: Negotiating bulk purchase 

agreements for components can further reduce 

material costs. 

Automation: Implementing automated assembly lines 

can lower production labor costs. 

Economies of Scale: Increasing production volumes 

can reduce the per-unit cost through economies of 

scale. 

Design Optimization: Simplifying the design can 

reduce both material and manufacturing costs. 

 

Cost Conclusion 

The cost analysis indicates that the initial investment 

for developing and implementing an automatic 

pneumatic bumper system in India is substantial, with 

a total project cost estimate of ₹13,400,000. The per-

unit cost for a small-scale production batch of 100 

units is approximately ₹72,000. Through strategic cost 

reduction measures such as local sourcing, bulk 

purchasing, and design optimization, the overall costs 

can be minimized. As production scales and 

technology matures, these costs are expected to 

decrease, making the system more economically 

viable for mass-market adoption in India. 

 

7. CONCLUSION: 

 

The automatic pneumatic bumper system is a 

promising advancement in vehicle safety technology. 

It effectively mitigates collision impacts, significantly 

reducing damage and enhancing occupant safety when 

a vehicle traveling at high speeds, such as 60 km/hr, 

hits a rigid wall. The system's rapid deployment and 

reliable performance make it a valuable addition to 

modern vehicles, offering a proactive approach to 

accident prevention and damage control. 
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