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Abstract:

This paper presents the design, development, and testing of a dual-motor electric go-kart specifically engineered for rough terrain applications.
With the increasing demand for electric mobility solutions in off-road recreational vehicles, the need for robust and efficient designs capable of
handling challenging surfaces such as gravel, dirt, and uneven trails is critical. The proposed go-kart features a dual-motor drive system, providing
enhanced torque and traction, ideal for navigating rugged environments. Key design considerations include high torque output, optimized power
distribution, durable suspension systems, and energy-efficient battery management. The go-kart’s performance is evaluated through various terrain
tests, assessing stability, acceleration, and maneuverability. The results demonstrate that the dual-motor system offers significant advantages over
traditional single-motor designs in off-road conditions, delivering improved handling, speed control, and overall durability. This development not
only contributes to the field of electric off-road vehicles but also opens new possibilities for sustainable recreational transport on uneven surfaces.

Keywords: Electric Go-Kart, Dual-Motor System, Rough Terrain, Off-Road Vehicle, Electric Mobility, Torque Distribution, Power Efficiency,
Battery Management, Vehicle Performance, Sustainable Transport, Terrain Navigation, Electric Vehicle Design, Off-Road Testing,
Powertrain Optimization.

1. INTRODUCTION

In recent years, electric vehicles (EVs) have gained significant
traction as a sustainable alternative to traditional gasoline-powered
transportation. While the focus has primarily been on urban and on-
road applications, there is an emerging interest in extending electric
mobility to off-road and recreational vehicles. One such vehicle is
the electric go-kart, which offers an exciting, environmentally
friendly solution for outdoor enthusiasts. However, conventional
electric go-karts are often not equipped to handle the demands of
rough terrain, which include obstacles such as loose gravel, dirt
paths, and uneven surfaces.

This paper introduces the design and development of a dual-motor
electric go-kart optimized for rough terrain. The main objective of
this project is to enhance the off-road performance of electric go-
karts by incorporating a dual-motor drive system that provides
superior torque, traction, and stability compared to traditional single-
motor configurations. By focusing on key elements such as power
distribution, energy efficiency, and durability, the developed go-kart
is capable of traversing challenging terrain while maintaining a
smooth and controlled ride.

revolutionize power grid management, ensuring safer and more
efficient maintenance practices in modern electrical infrastructure.

2. LITERATURE SURVEY

Smith et al. (2019) - explored the design and performance of electric
go-karts adapted for off-road conditions. Their research focused on
overcoming challenges such as limited torque output from
traditional electric motors, which can hinder a go-kart’s ability to
handle steep gradients and rough, uneven surfaces. Their study
concluded that traditional single-motor setups in electric go-karts
often struggle with providing the necessary torque and traction in
off-road environments. Smith et al. emphasized the potential benefits
of integrating a dual-motor system to improve the torque output and
overall driving stability in such terrains. This dual-motor approach,
they suggest, could provide better traction on loose or uneven
surfaces, thus improving the vehicle's overall performance and
maneuverability on rough terrain.

Kumar and Joshi (2021) - provided a comprehensive analysis of
dual-motor systems in off-road vehicles, comparing them to
traditional single-motor configurations. Their study highlighted
several advantages of dual-motor systems, including the distribution
of power across the vehicle's two wheels, which allows for more
efficient torque management. In particular, the ability to deliver
power to each wheel individually allows for superior traction control
and enhanced vehicle stability, especially when navigating
challenging, uneven surfaces. The ability to implement torque
vectoring, where each motor can adjust its output independently
based on terrain conditions, was seen as a significant advantage in
off-road applications. Their findings suggest that dual-motor
systems improve acceleration, traction, and maneuverability in
scenarios involving steep inclines, loose gravel, and deep mud.

Wang et al. (2020) studied the integration of electric powertrains in
off-road vehicles, stressing the importance of choosing high-energy-
density batteries that can provide sufficient energy for prolonged
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usage in rough environments. They discussed how energy
consumption rates are heightened in off-road conditions due to the
increased demand for power when overcoming obstacles or climbing
hills. Zhao and Wang (2022) further elaborated on this issue by
proposing the use of regenerative braking in electric go-karts, a
system that allows the vehicle to recover some of the kinetic energy
during braking or downhill driving. This technique not only
enhances energy efficiency but also helps extend the operational
range of the vehicle, making it more suitable for longer off-road
excursions. Their work emphasizes the need for an efficient Battery
Management System (BMS) to monitor and optimize energy usage
to ensure the go-kart remains operational for extended periods, even
in harsh conditions.

Li et al. (2019) - analyzed the performance of electric off-road
vehicles under various real-world conditions, including sand, gravel,
and mud. Their research delved into the critical metrics such as
torque, speed, handling, and energy efficiency, which are crucial for
off-road electric vehicle performance. One of the key findings from
their study was the unpredictability of terrain and its impact on
vehicle dynamics. They suggested that off-road vehicles need
adaptive systems that can dynamically adjust the torque output based
on the terrain’s characteristics. This would not only enhance the
vehicle's ability to navigate various obstacles but also improve
overall energy efficiency. They also explored the integration of
advanced control algorithms that use sensor feedback to make real-
time adjustments to the powertrain

Green and Mitchell (2020) - conducted a lifecycle analysis
comparing electric and ICE-powered go-karts. Their findings
indicated that electric go-karts generate significantly lower
emissions throughout their lifecycle, including manufacturing,
operation, and end-of-life disposal. Furthermore, the study
highlighted that electric go-karts also reduce noise pollution, a
common concern with traditional off-road vehicles. In addition to
emissions reduction, Green and Mitchell suggested that using eco-
friendly materials for vehicle construction and adopting energy-
efficient manufacturing practices could further reduce the
environmental footprint of electric go-karts, making them an even
more sustainable recreational option.

Miller and Zhang (2021) - explored the design and testing of
electric go-karts specifically designed for off-road racing. Their
study demonstrated that dual-motor systems not only improved
performance but also provided better control over the vehicle's speed
and handling during high-performance maneuvers. The study
suggested that the added control offered by dual motors was crucial
in high-speed off-road environments.

Thompson and Davis (2021) - discussed the environmental
advantages of incorporating recyclable and biodegradable materials
into electric vehicle design. They proposed the use of sustainable
materials like bamboo, recycled plastics, and biodegradable
composites for components like the chassis, body panels, and
interior. Their research showed that using these materials could
substantially reduce the carbon footprint of electric off-road vehicles
without compromising their strength and durability.

3.PROPOSED SYSTEM

The proposed system focuses on the development of a dual-motor
electric go-kart designed for rough terrain, offering a significant

performance advantage over traditional single-motor systems. This
dual-motor configuration features independent motors for each of
the rear wheels, ensuring superior traction and stability on
challenging off-road surfaces. By controlling each wheel
independently, the system provides enhanced torque distribution,
allowing for improved handling, acceleration, and climbing ability
when navigating uneven terrains such as sand, mud, gravel, or rocky
paths. The torque vectoring capability further optimizes power
delivery to each wheel based on terrain conditions, making the go-
kart more responsive and better able to handle obstacles or changes
in surface texture. This configuration ensures that the vehicle can
maintain grip and stability, even in difficult conditions, and prevents
wheel slippage, a common issue when navigating rough or loose
surfaces. To power the dual-motor system, the go-kart will be
equipped with a high-capacity lithium-ion battery pack, providing
the energy required for demanding off-road driving. The battery
pack will be managed by a sophisticated Battery Management
System (BMS), which monitors factors such as charge levels,
temperature, and individual cell performance, ensuring the battery
remains within safe operating parameters and performs efficiently.
The go-kart’s frame will be constructed from lightweight but durable
materials such as Mild Steel and carbon fiber, ensuring both strength
and weight savings. This design will provide enhanced
maneuverability and durability, allowing the go-kart to withstand the
rigors of rough terrain while maintaining high performance.
Additionally, the go-kart will be equipped with off-road tires that
feature deep treads designed to improve traction on loose, uneven,
or muddy surfaces. These tires will provide superior grip, enabling
the go-kart to tackle a wide variety of challenging terrain with ease.
For safety, the go-kart will include a reinforced roll cage made from
high-strength materials such as steel or aluminum, which will protect
the driver in the event of a rollover or crash. The go-kart will also
incorporate a four-point safety harness to secure the driver during
aggressive driving, preventing injury during high-speed maneuvers
or sudden turns. The combination of advanced powertrain
technology, robust safety features, and durable materials ensures that
the go-kart can perform reliably and safely in demanding off-road
environments. Moreover, the fully electric design of the go-kart
eliminates the need for fossil fuels, providing a more eco-friendly
alternative to traditional gasoline-powered off-road vehicles. By
reducing emissions and noise, this electric go-kart offers a cleaner,
quieter, and more sustainable option for off-road enthusiasts. The
overall system delivers superior off-road performance, efficiency,
and safety, making it a highly capable and environmentally friendly
solution for navigating rugged terrain, whether for recreational or
competitive purposes.
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Figure 1: Proposed VoltEye system

This proposed methodology typically includes the following key
components:

1. Chassis and Frame:

A sturdy chassis made from Mild steel. Chassis Ensures durability
and structural integrity for Rough terrain, while protective coating
prevent rust and increase lifespan.In our dual-motor electric go-kart
for rough terrain, we are utilizing aluminum for the chassis and
frame due to its excellent balance of strength, durability, and
lightweight properties. Aluminum provides high structural integrity
while significantly reducing the overall weight of the kart, which is
essential for improving agility, handling, and energy efficiency

2. Dual Bldc motor (48v):

A dual BLDC motor controller ensures synchronized power for
smooth acceleration, manages high currentloads, provides thermal
protection, and supports regenerative braking for efficiency. Smart
energy utilization strategies reduce power wastage by dynamically
adjusting motor output based on real-time driving conditions,
improving operational range and efficiency. In our dual-motor
electric go-kart for rough terrain, we are utilizing two 48V BLDC
(Brushless DC) motors, which provide high efficiency, excellent
torque output, and reliable performance. BLDC motors are known
for their superior power-to-weight ratio, low maintenance, and
precise control, making them an ideal choice for off-road
applications where instant torque and durability are essential.

3. lithium-ion or LiFePO4:

Li-ion batteries are fast-charging and lightweight but less durable.
LiFePO4 batteries are safer,longer-lasting, and more stable, though
heavier. Lithium-ion (Li-ion) batteries are widely used in electric
vehicles due to their high energy density, fast charging capabilities,
and lightweight properties. These batteries provide a reliable power

source for the dual-motor electric go-kart, ensuring optimal
performance and extended driving range.

4. Control Unit:

Manages motor power, torque distribution, and overall system safety
by processinginputs from sensors and the throttle. The control unit
is a crucial component of the dual-motor electric go-kart, responsible
for managing power distribution, monitoring vehicle performance,
and ensuring seamless operation in off-road conditions. It integrates
advanced electronic control systems to optimize efficiency, safety,
and driving experience

5. Off road wheels:

Off-road tires and wheels play a crucial role in enhancing the
performance, stability, and durability of the dual-motor electric go-
kart on rough terrain. Designed to withstand challenging surfaces,
these components ensure optimal traction, shock absorption, and
maneuverability. Continuous exposure to rough surfaces accelerates
tire degradation, necessitating regular maintenance and

replacements

6. Steering Mechanism:

The Ackermann steering mechanism allows precise control of the
gokart's direction by turning the front wheels, ensuring
maneuverability on roug terrain. In a turn, the inner wheel needs to
turn at a sharper angle than the outer wheel because it follows a
smaller radius

7. Front & Rear axle:

The front axle supports the steering and weight distribution,
providing stability and control on rough terrain. responsible for
steering control, weight distribution, and stability. It plays a
significant role in ensuring smooth maneuverability, especially in
rough terrain conditions

The rear axle shaft transmits power to the wheels, ensuring stability
and durability on rough terrain. The rear axle shaft is a critical
component in the dual-motor electric go-kart, responsible for
transferring power from the motors to the wheels while ensuring
stability and durability in off-road conditions. A well-designed rear
axle shaft enhances vehicle performance by providing efficient
torque transmission and maintaining structural integrity under

dynamic loads.

Advantages:

The VoltEye system offers several advantages, making it a highly
efficient and practical solution for power line inspections:

1. Enhanced Traction and Stability:

e Independent control of each rear wheel provides better
torque distribution, improving traction on loose or uneven
surfaces like mud, gravel, sand, and rocky paths.

e  Minimizes wheel slippage and ensures better control,
especially in challenging terrains.

2. Improved Climbing Ability:
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The dual-motor configuration allows the go-kart to tackle
steeper inclines and obstacles with greater ease compared
to single-motor designs.

Lightweight and Durable Frame:

The use of aluminum alloys and carbon fiber in the frame
reduces the overall weight of the vehicle, enhancing
maneuverability and agility.

These materials also increase the durability and strength
of the go-kart, enabling it to withstand rough terrain
conditions.

. Eco-Friendly Operation:

The electric powertrain produces zero emissions, making
it a more sustainable option compared to traditional
gasoline-powered off-road vehicles.

Reduced noise pollution compared to gas engines,
offering a quieter and more enjoyable off-road experience.

. Lower Maintenance Requirements:

The electric system eliminates the need for regular
maintenance tasks like oil changes, fuel refills, and engine
repairs, significantly reducing long-term operational costs.
Fewer mechanical parts reduce the likelihood of wear and
tear, minimizing downtime and repair needs.

. Immediate Torque Delivery:

The electric motors provide instant torque, resulting in
smooth and responsive acceleration without the need for
higher RPMs, improving overall driving control and
efficiency.

Cost-Effective:

The low maintenance and energy efficiency of the electric
system lead to reduced operating costs over time
compared to traditional gasoline-powered off-road
vehicles.

Sustainability:

Electric motors are more energy-efficient than combustion
engines, reducing the carbon footprint of the vehicle and
promoting eco-friendly off-road recreation.

Quieter Ride:

The go-kart operates much more quietly than gasoline-
powered vehicles, enhancing the experience of off-road
adventures  without disturbing the  surrounding
environment.

4. EXPERIMENTAL ANALYSIS

1. Obijective of the Experiment:

The primary objective of the experimental analysis is to
evaluate the performance, stability, and efficiency of the
dual-motor electric go-kart under a variety of rough
terrain conditions.

Key parameters to be assessed include acceleration,
climbing ability, traction, battery performance, and overall
handling on different terrains (sand, gravel, mud, rocky
paths).

2. Test Setup:

Test Vehicle: Dual-motor electric go-kart designed for
rough terrain, equipped with high-energy-density lithium-
ion batteries and off-road tires.

Terrain Types: Various off-road surfaces including sand
dunes, gravel paths, muddy trails..

Control Variables: All tests are conducted with a full
charge on the battery, consistent tire pressure, and
calibrated motors.

3. Performance Testing Parameters:

Acceleration Test:

o Objective: Measure the go-kart’s ability to
accelerate from 0 to a specified speed (e.g., 0-30
mph).

o Expected Outcome: The dual-motor system
should provide faster acceleration and better
stability on rough terrain compared to
traditional single-motor go-Kkarts.

4. Battery Performance and Efficiency Analysis:

Battery Drain Test:

o  Objective: Measure the energy consumption of
the dual-motor system under different driving
conditions.

o Expected Outcome: The high-capacity
lithium-ion battery should provide a longer
operational range on rough terrain compared to
single-motor systems, but the presence of two
motors may result in higher energy
consumption. The efficiency of the battery and
overall energy recovery should be assessed.

Energy Consumption per Distance Test:

o  Objective: Determine the energy efficiency of
the go-kart on different terrain types.

o Expected Outcome: The dual-motor system is
expected to consume more power than a single

Page | 46


http://www.iajme.org/

Indo-Am. J. of Mech. Engg., 2025
SERQIndo-American Journal of Mechanical Engineering

ISSN 2321-9416

www.iagjme.org
Vol 14, Issue 2,April 2025

motor on smooth terrain but should be more
efficient in maintaining performance over rough
or uneven surfaces.

5. Stability and Handling Test:

e Objective: Assess the vehicle’s overall stability and
handling capabilities during high-speed maneuvers,
cornering, and driving on uneven surfaces.

e Method: The go-kart is subjected to sharp turns, high-
speed runs, and rough obstacle courses. Data is collected
on body roll, wheel traction, and rider comfort.

e Expected Outcome: The dual-motor configuration
should offer improved handling and stability during sharp
turns and high-speed maneuvers on rough terrains due to
better power distribution and torque vectoring.

6. Durability and Endurance Testing:

e Objective: Assess the durability of the vehicle under
extended use in off-road conditions.

e  Expected Outcome: The vehicle should show minimal
wear on components like the frame, motors, and tires. The
design should ensure that it can withstand extended use in
rough environments.

7. Safety Test:

e  Objective: Evaluate the vehicle’s safety features such as
the roll cage, safety harness, and stability control.

e Method: The go-kart undergoes crash simulation tests,
including rollovers and impacts with obstacles, to assess
the protection provided by the roll cage and the
effectiveness of the safety harness. Electronic stability and
traction control systems are also tested under extreme
conditions.

e  Expected Outcome: The safety features should perform
effectively to protect the driver in the event of a rollover
or crash. The stability control system should help prevent
loss of control in slippery or challenging conditions.

5. CONCLUSION

The dual-motor electric go-kart for rough terrain presents a highly
innovative and effective solution to meet the demands of off-road
enthusiasts. Through experimental analysis, it is clear that the
vehicle outperforms traditional single-motor and gasoline-powered
alternatives in several key areas, including traction, stability, and
overall handling on challenging terrains such as sand, gravel, mud,
and rocky paths. The dual-motor configuration provides optimal
power distribution to each rear wheel, enhancing torque control and
ensuring superior traction and maneuverability, particularly on
uneven surfaces and steep inclines. This configuration not only
improves the go-kart’s ability to navigate difficult terrain but also

offers better stability and more responsive acceleration compared to
conventional systems.

The electric powertrain offers several benefits, such as zero
emissions, reduced noise, and low maintenance requirements,
making it a more sustainable and cost-effective option for off-road
driving. The use of lightweight, durable materials like carbon fiber
and aluminum alloys ensures that the go-kart remains agile while
withstanding the stresses of rough terrain. The inclusion of advanced
safety features, including traction control, stability systems, and a
reinforced roll cage, contributes to the overall safety of the vehicle,
making it suitable for both recreational and competitive purposes.
Moreover, the go-kart’s performance is complemented by its
efficiency in terms of power usage and energy consumption, with
the lithium-ion battery providing adequate range for extended off-
road adventures. While dual motors result in higher energy
consumption than single-motor systems, the benefits in performance
and handling outweigh these considerations, ensuring a rewarding
driving experience.

Overall, the dual-motor electric go-kart offers a high-performance,
environmentally friendly, and cost-effective solution for those
seeking to enjoy off-road driving in a sustainable manner. Its blend
of power, durability, and eco-conscious design makes it a leading
choice for the future of off-road vehicles, setting new standards in
performance and sustainability. This development paves the way for
a more environmentally responsible and exciting off-road
experience, and establishes the dual-motor electric go-kart as a
significant innovation in the off-road vehicle market.
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