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ABSTRACT 
Hybrid Electric Vehicles (HEVs) represent a transformative advancement in automotive technology aimed at reducing fuel 

consumption and minimizing environmental impact. The study conducts a comprehensive analysis of various HEV 

architectures—including series, parallel, and seriesparallel configurations—to identify the most suitable system for optimal 

performance and effective energy management. Critical components such as electric motors, battery packs, regenerative braking 

systems, and power electronics are carefully selected and integrated to achieve an optimal balance between efficiency, 

performance, and cost. Additionally, special emphasis is placed on wheel alignment optimization to improve vehicle stability and 

reduce rolling resistance. The resulting prototype exhibits a significant improvement in both fuel economy and emission 

reduction compared to conventional vehicles, underscoring the potential of hybrid technologies in advancing sustainable 

transportation. 
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 INTRODUCTION 

HEVs save fuel, reduce pollution, and are cheaper to run than regular petrol or diesel cars. HEVs typically operate using either or 

both power sources depending on driving conditions, thereby optimizing energy usage.  
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They can switch between electric-only mode, engine-only mode, or a combination of both, thanks to an onboard control system and 

energy management strategy. 

 

The development of HEVs is a crucial step toward sustainable mobility. This project aims to design and develop a basic HEV 

system, study its working principles, analyze its performance through simulations, and evaluate its benefits over conventional 

vehicles. The proposed HEV will serve as a platform to understand hybrid powertrain architecture, energy flow, and the potential 

for integrating renewable energy solutions in future transportation systems. 

 

This project aims to design and develop an HEV prototype that incorporates a suitable hybrid configuration, integrates key 

subsystems such as batteries, electric motors, and control units, and explores optimization techniques for vehicle dynamics, 

particularly in wheel alignment and energy management. The goal is to contribute toward sustainable mobility by demonstrating 

the practical viability of hybrid technology in improving vehicle efficiency and reducing environmental impact. 

 

 

PROBLEM STATEMENT 

The growing global demand for energy, particularly from the transportation sector, has led to increased consumption of fossil fuels, 

resulting in higher greenhouse gas emissions, environmental pollution, and depletion of natural resources. Traditional internal 

combustion engine (ICE) vehicles are a major contributor to these problems due to their reliance on gasoline or diesel fuel and their 

relatively low energy efficiency. 

"There is an urgent need for sustainable and environmentally friendly transportation solutions that reduce fuel use, lower emissions, 

and improve energy efficiency, without affecting vehicle performance. 

 

OBJECTIVES 

Technical Objectives: 

Improve Fuel Efficiency: 

Reduce fuel consumption by utilizing electric power during low-load or idle conditions. 

Reduce Emissions: 

Minimize harmful exhaust emissions (like CO₂, NOₓ, and particulate matter) compared to conventional IC engine 

vehicles. 

Enhance Vehicle Performance: 

Improve acceleration, torque, and responsiveness using electric motors alongside internal combustion engines. 

Energy Recovery: 

"Use regenerative braking to save energy that’s usually lost as heat when a vehicle slows down and reuse it to improve 

efficiency." 

Optimize Power Management: 

Develop control strategies to efficiently switch between or combine power sources (engine and motor). 
 

Environmental Objectives: 

Lower Carbon Footprint: 

Reduce overall greenhouse gas emissions to combat climate change. 

Promote Sustainable Mobility: 

Encourage the use of cleaner, more sustainable transportation technologies. 

 

Economic Objectives: 

Reduce Operating Costs: 

Lower fuel and maintenance costs over the vehicle’s lifetime. 

Market Competitiveness: 

Provide a cost-effective alternative to traditional vehicles, making HEVs more attractive to consumers. 

SCOPE 

Hybrid Electric Vehicles (HEVs) offer a promising solution for cleaner and more fuel-efficient transportation. Their scope spans 

technological innovation, environmental sustainability, and market expansion. HEVs reduce emissions and fuel consumption by 

combining internal combustion engines with electric power. They serve as a vital transitional technology toward full electrification, 

especially in regions lacking EV infrastructure. With growing consumer demand, government support, and advancements in hybrid 

systems, the future of HEVs holds significant potential in automotive research, industrial development, and sustainable mobility. 

 

METHODOLOGY 

Problem Formation: 

The growing demand for transportation has resulted in increased fossil fuel consumption and the release of harmful emissions. 

Conventional internal combustion engines (ICE) vehicles are major contributors to environmental pollution. 
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Therefore, the problem addressed in this project is: “How to design and develop a cost-effective Hybrid Electric Vehicle (HEV) 

system that reduces fuel consumption and emissions while maintaining acceptable performance levels?” 

Literature Review: 

To understand the current state of hybrid vehicle technologies, an extensive literature survey was conducted. The key insights 

include: 

Hybrid Architecture Types: 

Series HEV: Engine powers generator → charges battery → runs motor. 

Parallel HEV: Engine and motor both drive the wheels. 

Series-Parallel: Combines both types for flexibility. 

Battery Technologies: 

Lead-acid: Cost-effective but heavy. 

NiMH: Good energy density, commonly used in older HEVs. 

Li-ion: High energy density and efficiency, most widely used in modern HEVs. 

Energy Management Systems: 

Intelligent control systems are used to optimize the power split between engine and motor for efficiency. 

1) Design Consideration:     

Key design aspects considered during the development  of the HEV prototype: 

Powertrain Configuration: 

A parallel hybrid system was selected for its balance between efficiency and simplicity. 

Battery Pack: 

Lithium-ion battery selected for high energy density and lower weight. 

Engine Integration: 

A small-displacement internal combustion engine (ICE) was selected for compatibility with the motor. 

Chassis Design: 

A lightweight frame was considered to improve power-to-weight ratio. 

Control System: 

Designed to manage power distribution between the ICE and electric motor using sensors and a microcontroller-based 

ECU. 
 

2) Fabrication: 

The fabrication of the HEV prototype involved the following stages: 

1. Chassis Preparation: 

A custom or modified lightweight chassis was selected and prepared to accommodate both ICE and electric components. 

2. Component Mounting: 

Mounted the electric motor, ICE, battery pack, controllers, and wiring. 

Ensured proper alignment of powertrain and drivetrain. 

3. Electrical Integration: 

Connected the battery to motor controller and control circuits. 

Installed safety devices such as fuses, relays, and disconnects. 

4. Control Unit Programming: 

Programmed the controller to manage the switching between electric and engine modes based on speed/load 

conditions. 

5. Testing and Troubleshooting: 

Performed initial bench tests, followed by on-road testing. 

Adjusted parameters for smooth transition between modes and optimized regenerative braking. 

 

http://www.ijariit.com/


Vrushali Shankar Rupnawar et. al., International Journal of Advance Research, Ideas and Innovations in 

Technology (ISSN: 2454-132X) 

© 2025, IJARIIT - All rights reserved.  Website: www.ijariit.com        Talk to Counselor: 9056222273      Page: 40  

 

 

CONCLUSION 
The development of the Hybrid Electric Vehicle (HEV) prototype presented in this project successfully demonstrates the potential 

of hybrid technology in addressing modern transportation challenges such as fuel efficiency, emission reduction, and sustainable 

mobility. By integrating an internal combustion engine with an electric motor and optimizing energy management through 

appropriate control strategies, the prototype achieved improved performance and reduced environmental impact compared to 

conventional vehicles. 

 

The project also highlighted the importance of subsystem integration, such as battery selection, regenerative braking, and wheel 

alignment optimization, in enhancing overall vehicle efficiency and stability. Simulation and testing results validated the hybrid 

configuration's effectiveness under various driving conditions. 

 

This work lays the groundwork for further research and development in the field of HEVs, including advancements in battery 

technology, power electronics, and control algorithms. It supports the growing shift toward eco-friendly automotive solutions 

and contributes to the long-term goal of achieving cleaner and smarter transportation systems. 
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