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Abstract—The rapid growth in energy demand and the 

depletion of fossil fuel resources have encouraged 

researchers to develop alternative energy generation 

techniques. One of the promising methods is the 

generation of electricity from road traffic using speed 

breakers. This research paper presents the design, 

fabrication, and performance analysis of a speed 

breaker-based power generation system using a rack 

and pinion mechanism coupled with a DC generator. 

The system converts the kinetic energy of moving 

vehicles into electrical energy. Experimental analysis 

was carried out under different loading conditions and 

traffic scenarios. The results show that the developed 

prototype can generate sufficient electrical power for 

low-power applications such as LED street lighting, 

traffic signals, and battery charging. The proposed 

system is economical, eco-friendly, and suitable for 

urban smart road applications. 

 

Index Terms—Speed Breaker Power Generation, 

Renewable Energy, Kinetic Energy Harvesting, Rack 

and Pinion Mechanism, DC Generator, Smart Road 

System, Sustainable Energy, Traffic Energy Conversion  

 

I. INTRODUCTION 

 

Energy is an essential requirement for industrial 

growth and modern infrastructure. Conventional 

energy resources are continuously depleting and 

causing environmental pollution. Therefore, 

researchers are focusing on renewable and non-

conventional energy resources. 

Road transportation systems contain a large amount 

of wasted kinetic energy. Vehicles passing over 

speed breakers produce mechanical pressure and 

displacement that can be converted into useful 

electrical energy. The speed breaker power 

generation system captures this wasted energy and 

converts it into electricity using mechanical and 

electrical components. 

The proposed research focuses on designing a 

practical and cost-effective system capable of 

generating electricity from vehicular motion on roads 

with high traffic density. 

 

II. OBJECTIVES OF THE RESEARCH 

 

The major objectives of this research work are: 

1. To design a speed breaker-based power 

generation mechanism.  

2. To convert mechanical energy into electrical 

energy efficiently.  

3. To analyze generated power under different 

vehicle loads.  

4. To reduce wastage of kinetic energy on roads.  

5. To develop an eco-friendly and low-cost 

renewable energy system.  

 

III. OBJECTIVES OF THE RESEARCH 

 

Several researchers have proposed different 

techniques for road power generation. 

• Rack and pinion mechanisms are widely used 

due to their simplicity and low cost.  

• Hydraulic systems provide smooth operation but 

require high maintenance.  

• Piezoelectric systems generate electricity using 

pressure-sensitive materials.  

• Roller mechanisms provide continuous rotation 

and higher efficiency.  

Most previous systems faced issues such as: 

• Low efficiency  

• Mechanical losses  

• High maintenance cost  

• Limited power generation  
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This research attempts to improve efficiency using 

optimized gear arrangements and energy storage 

systems. 

 

IV. METHODOLOGY 

 

Working Principle 

When a vehicle passes over the movable speed 

breaker, vertical displacement occurs. This 

displacement moves the rack mechanism connected 

to a pinion gear. The rotational motion produced by 

the pinion rotates the shaft of a DC generator, 

producing electricity. The generated power is stored 

in a rechargeable battery and used for electrical loads. 

 

V. SYSTEM COMPONENTS 

 

Mechanical Components 

• Speed breaker platform  

• Rack and pinion gear  

• Springs  

• Shaft and bearings  

• Flywheel  

 

Electrical Components 

• DC generator  

• Rectifier circuit  

• Rechargeable battery  

• LED indicators  

• Voltage regulator  

 

VI. MATHEMATICAL ANALYSIS 

 

The kinetic energy of a moving vehicle is: 

𝐾𝐸 =2
1 𝑚𝑣2 

Where: 

• KE = Kinetic Energy  

• m = Mass of vehicle 

• v= Velocity of vehicle Where: 

Electrical power generated is: 

                   P = VI 

Where: 

• P = Power (W)  

• V = Voltage (V)  

• I = Current (A)  

 

VII. EXPERIMENTAL SETUP 

 

The prototype model was fabricated using: 

• Mild steel frame  

• Rack and pinion mechanism  

• 12V DC generator  

• Battery storage unit  

Different vehicle loads were simulated using applied 

weights on the speed breaker platform. 

 

 
 

VIII. RESULTS AND DISCUSSION 

 

Experimental Observations 

Load 

Applied 

(kg) 

Output 

Voltage (V) 

Output 

Current (A) 

Power 

Generated 

(W) 

20 4.2 0.18 0.75 

40 6.8 0.30 2.04 

60 8.5 0.42 3.57 

80 10.4 0.55 5.72 

100 12.1 0.68 8.22 
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Result Analysis 

• Power generation increases with vehicle load.  

• Heavy vehicles produce higher displacement and 

more rotational speed.  

• The rack and pinion mechanism showed good 

mechanical efficiency.  

• Battery charging was successfully achieved.  

• LED loads operated continuously using stored 

power.  

The system demonstrated reliable operation in 

repeated testing conditions. 

 

IX. ADVANTAGES 

 

• Renewable and pollution-free energy source  

• Utilizes wasted road energy  

• Low operating cost  

• Easy maintenance  

• Suitable for smart cities and highways  

 

X. LIMITATIONS 

 

• Power generation depends on traffic density  

• Mechanical wear and tear  

• Limited power output for small vehicles  

• Initial fabrication cost  

 

XI. APPLICATIONS 

 

• Street lighting systems  

• Traffic signal operation  

• Highway monitoring systems  

• Battery charging stations  

• Smart transportation infrastructure  

 

XII. FUTURE SCOPE 

 

Future developments may include: 

• IoT-based monitoring systems  

• Smart battery management  

• Piezoelectric hybrid systems  

• High-efficiency generators  

• Large-scale highway implementation  

Integration with smart city infrastructure can improve 

the practical implementation of this technology. 

 

XIII. CONCLUSION 

 

This research work successfully demonstrated the 

design and development of a speed breaker-based 

power generation system capable of converting 

vehicular kinetic energy into electrical energy. The 

fabricated prototype produced measurable electrical 

output under different loading conditions. 

Experimental results confirmed that generated power 

increases with vehicle load and displacement. The 

proposed system offers a sustainable, economical, 

and eco-friendly solution for small-scale electricity 

generation in urban and highway environments. With 

further improvements in efficiency and energy 

storage, this technology can contribute significantly 

to renewable energy applications and smart 

transportation systems. 
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