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ABSTRACT: The VoltRanger serves as an electric off-road scooter built to operate on rough surfaces while providing 

outstanding efficiency as well as durable construction and improved performance. The project joins multiple 

subsystems including the frame alongside brakes and suspension elements and transmission components and wheel 

systems and electrical units. The project incorporates Arduino Uno as the primary microcontroller together with an 

innovative approach to unite motor and control systems. The development project prioritizes making an affordable 

electric vehicle that delivers both high durability and energy efficiency during off-road operations. 
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I. INTRODUCTION 

 

Current transportation systems undergo major changes because electric vehicles (EVs) now compete against 

conventional fossil fuel-based vehicles to become environmentally sustainable options. Electric mobility has gained 

speed because of expanding environmental worries and fossil fuel shortages and the urgent requirement to decrease 

carbon emissions. Off-road electric scooters represent an emerging segment of EV development since they provide 

efficient power consumption alongside sustainable off-roading capabilities. The paper introduces VoltRanger which 

represents a novel off-road electric scooter that combines enhanced safety components with smart power-management 

systems and delivers strong performance and endurance. 

 

The designers of VoltRanger dedicated its development to environmental sustainability and accessible pricing and 

technological improvements in electric transportation systems. The main elements of the vehicle consist of an electric 

powertrain together with a durable frame and an advanced suspension system and a control system running on Arduino 

Uno and microcontrollers. The design achieves efficiency and minimized power losses because the motor and 

controller combine as one compact unit. VoltRanger implements high-capacity lithium-ion battery packs in order to 

improve power efficiency and extend travel distance. Moreover the vehicle becomes more efficient regarding power 

utilization through its regenerative braking system. 

 

Smart features enabled by IoT technology allow users to monitor the device and track its position and get immediate 

performance data to improve their control while enhancing operational efficiency. The developers executed extensive 

testing alongside simulations to create a VoltRanger system that remains durable under challenging off-road 

environments while supplying riders with quality reliability and comfort during their usage. The vehicle design features 

both optimized transmissions and rugged wheel assemblies that enable users to move effortlessly across multiple 

ground conditions. 

 

The extensive investigation of electric mobility in the last decade has proven sustainable transportation methods to be 

vital according to researchers. Researchers have demonstrated that incorporating renewable energy into electric 

vehicles leads to environmental benefits and independent power supply separation from traditional sources [1]. Modern 

EVs benefit from substantial improvements brought by power electronics as well as battery management systems 

according to research in [2]. The VoltRanger project utilizes findings from these previous investigations to support 

current developments of innovative practical off-road electric mobility solutions as per market demands [3]. 

 

This paper examines the entire VoltRanger initiative starting from the design phase through development and ending 

with the implementation stages. The goal of this work is to deliver an applicable off-road electric scooter which 
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maintains performance quality alongside efficiency measures and environmentally friendly attributes to the field of 

electric mobility. The paper presents details about the technical specifications followed by a fabrication process 

description and experimental analysis then moves to the future scope evaluation of the project. 

 

II. LITERATURE 

 

2.1 Development of Advanced Electric Vehicle Prototypes by Organizations 

Modern transportation development depends heavily on the creation of electric vehicle (EV) prototype models.[1] 

Numerous organizations developed advanced EV prototypes. Modern EV designs benefit from the developments in 

battery systems along with powertrain efficiency and optimized materials as the authors explain. Through innovative 

engineering Tesla and Rivian have made outstanding advancements in extending the operational distance of their 

electric vehicles and increasing their energy efficiency. The main emphasis in [1] is on employing carbon fiber 

combined with aluminum alloys as materials for weight reduction to boost battery performance. EVs that implement 

artificial intelligence systems excel in energy optimization thus maximize battery life span and improve their 

operational performance. The combination of government incentives together with research funding speeds up the 

development process of EV prototypes by powering technological breakthroughs. A comparative study [3] highlights 

the increasing preference for EVs over internal combustion engine (ICE) vehicles among college students. The 

transition toward electric vehicles occurs because of minimal operational expenses and rising environmental concerns 

along with official backing through EV promotion regulations. Analysts working for the National Electric Mobility 

Mission Plan [4] developed research for improving battery technology which specifically focused on solid-state 

batteries. The alternative battery technology provides improved energy density in addition to superior charging speed 

and better safety performances than standard lithium-ion technology. EV performance receives additional 

improvements from modern motor technologies featuring high torque capabilities and low resistance so the next stage 

of energy storage development and aerodynamic progress and charging system advancement continues. Aerodynamic 

design optimization stands crucial due to its recognized ability to boost energy efficiency according to the research 

conducted by Prof. Mahesh S. Khande and colleagues in 2020 [6]. The technology of regenerative braking systems 

starts to prevail in contemporary EV models because it minimizes energy waste while boosting vehicle operational 

efficiency.  

 

2.2 High-Efficiency Bridgeless Battery Charger for Lightweight EVs 

Presented research into a high-efficiency bridgeless battery charger for light electric vehicles (LEVs) to solve power-

related and thermal inefficiencies in typical chargers [7]. PFC techniques and bridgeless topologies provide research 

evidence to demonstrate their ability to boost efficiency by decreasing conductive heat dissipation. The bridgeless 

charging design developed in [7] cuts down on power losses from rectifier diodes so it proves ideal for lightweight 

electric vehicles that need space-efficient and efficient charging systems. 

 

2.3 Solar-Powered EV Charging with Bidirectional Operation (G2V & V2G) 

EV charging powered by solar energy has become a developing substitute for electricity-based charging solutions. [8] 

Conducted research on bidirectional charging systems which allow G2V and V2G operations. The integration of PV 

panels alongside EV charging stations was classified in [8] as a program to decrease fossil fuel dependency and 

strengthen power networks. EVs equipped with V2G technology enable renewable energy users to feed solar-generated 

excess power into the grid which integrates these electric vehicles into the renewable energy infrastructure. Researchers 

[9] developed an upgraded AC/DC converter which enhances efficiency of power conversion between input sources at 

solar-powered charging stations. The converter provides superior efficiency in energy transfers together with quick 

charging capabilities by minimizing energy consumption throughout each charge cycle. The importance of energy 

storage for bidirectional charging systems stands strong according to the research [5]. The study demonstrates that 

vehicle batteries function as grid stabilization devices because they can both supply electricity during times of high 

demand and retrieve power from the grid at times of low demand thus decreasing the need for conventional power 

generation facilities. 

 

2.4 The Concept of ‘ePVScooter’ 
A portable photovoltaic charger system for electric scooters is introduced in the ePVScooter [2]. This innovative device 

provides sustainable transportation back-up when it collects solar power while the user moves about. The alternative 

design of ePVScooter allows travelers to maintain continuous charging through its body-installed flexible solar panels 
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which serve as mobile charging stations. The integration of maximum power point tracking technology enhances solar 

energy use which makes it suitable for urban commuters. This technology demonstrates its economic and 

environmental advantages according to the research presented in [2]. The ePVScooter reduces both electricity expenses 

and environmental pollution by decreasing its use of grid power. The book [12] introduces network-based management 

systems that improve energy distribution for electric mobility while making photovoltaic mobile charging solutions 

possible. 

 

2.5 Design and Development of Advanced Electric Vehicle Prototype 

Current EV prototype development requires the integration of futuristic technology advances to boost efficiency and 

performance. The study [4] outlines the importance of power electronics in modern EV architecture, enabling improved 

energy management and higher drivetrain efficiency. The article [6] explains how aerodynamics serves as an essential 

component in EV design to reduce drag and improve battery management. The research study strongly focuses on 

regenerative braking since it enables the conversion of kinetic energy into electricity which leads to better overall 

system efficiency. The paper [8] demonstrates how solar PV-battery hybrid systems can assist electric vehicle power 

needs by promoting sustainability through reduced fossil fuel consumption. Mendem Premchand and Satish Kumar 

Gudey (2020) [5] performed research on charging stations which allows efficient two-way energy flow between the 

electric vehicle network and electricity grid. The references in this paper demonstrate EV technological progress as 

well as efficient charging methods and sustainable transportation systems which will define the electric transportation 

landscape of the future. 

 

III. METHODOLOGY 

 

The manufacturing process of VoltRanger implements an organized approach that guarantees its off-road electric 

scooter operation achieves efficiency alongside reliability with sustainable performance. The development process 

includes four major phases: building initial designs followed by component planning then system combination and 

eventual testing. The electrical system architecture development builds robustness while the integration of auto fault 

detection systems aims to improve safety and reliability features. 

 

3.1 Electrical System Architecture 

 

 
 

Fig 3.1 Electrical System Architecture 

 

VoltRanger implements an electrical system that improves power performance while facilitating easy energy flow and 

bolstering the overall vehicle capability. The system includes powerful lithium-ion battery packs and motor-controller 

units connected with distribution circuits that use multiple sensors for monitoring functions. The system maintains 

power delivery balance through its design which reduces energy losses. 

 

The power management system includes a Battery Management System (BMS) which tracks battery condition while 

managing charging phases and stopping both overcharging and complete battery drainage. A combination of the 

Arduino Uno microcontroller embedded in the motor-controller unit delivers precise power to the motor which cuts 

down energy waste while enhancing performance in different terrain conditions. 

 

http://www.ijirset.com/


 

  |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                        Volume 14, Issue 4, April 2025 

                                     |DOI: 10.15680/IJIRSET.2025.1404348| 
 

IJIRSET©2025                                     |     An ISO 9001:2008 Certified Journal   |                                     8221 

 

Through incorporation of a regenerative braking system the energy utilization becomes better because the system 

captures usable energy during braking phases. The implemented system recaptures energy during braking phases to 

power the battery system thus boosting the overall system efficiency and increasing operational distance. 

 

3.2 Electrical System Circuit Diagram 

 

 
 

Fig 3.2 Electrical System Circuit Diagram 

 

The VoltRanger Electrical System Circuit Diagram depicts the network of fundamental electricity components which 

include battery pack and controller and sensors along with regenerative braking unit and the fault detection system. The 

design of this circuit pathway achieves signal efficiency along with minimum power resistance that optimizes vehicle 

performance. 

 

The Power Supply Unit functions as the system which distributes lithium-ion battery power to all components. 

• The Power Supply Unit functions as the system which distributes lithium-ion battery power to all components. 

• The Motor-Controller Circuit distributes power to the motor using a system allowing controlled torque delivery and 

motor speed management. 

• During vehicle breaking the Regenerative Braking Module retrieves kinetic energy to produce electricity, which 

recharges the battery. 

• The Auto Fault Detection System functions to detect wire breaks or malfunctions which activate built-in 

notification systems. 

 

IV. CONCLUSION 

 

 
 

Fig 4.1 VoltRanger 

 

Testing of the VoltRanger off-road electric vehicle involved thorough assessments in different terrains to determine its 

efficiency alongside performance and durability and safety aspects. The testing results proved the vehicle delivered 

high torque which produced smooth operation on steep hills as well as rocky terrain and mud paths. The power 

transmission functionality of the BLDC motor and sprocket chain drive system enabled efficient power transfer while 

simultaneously guaranteeing stability during operation. The 48V battery system showed stable power delivery which 
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allowed the vehicle to travel more distance before needing recharging. The implemented regenerative braking system 

allowed the conversion of kinetic energy into stored electrical energy while improving the operational effectiveness. 

The DC-DC converter operated auxiliary systems which included headlights, indicator system, display unit, USB 

charging port through its efficient operation thus minimizing effects on the primary battery's lifespan. Through the 

combination of helical springs and telescopic forks the suspension system minimized the impact of shocks for 

successful travel on uneven surfaces. Quick stops became possible through both front disc and rear drum brakes which 

demonstrated excellence in performance during rainy and slippery conditions. User awareness improved through the 

display system which showed the battery status combined with speed data alongside fault detection features. The stand 

sensor functioning as a safety measure prevented machine movement when parked and the rear camera and indicator 

system enhanced overall safety aspects. Energy use optimization occurred through an intelligent motor controller which 

modified power delivery according to operational terrain together with load specifications. The performance combined 

with efficiency and ruggedness makes VoltRanger establish itself as a dependable and energy-efficient electric off-road 

vehicle. VoltRanger appears as a progressive solution in off-road electric power via its advanced intelligence control 

system which combines durable construction with safety design functions. 
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