ALOCHANA JOURNAL (ISSN N0O:2231-6329) VOLUME 13 ISSUE 10 2024

REVIEW PAPER ON REGENERATIVE MAGNETIC SUSPENSION SYSTEM

Asjad S. Baig!, Ganesh P. Gawade?, Kaif ]J.Quraishi3, Uzair A. Shaikh#, Aniket S.Pendse>

1234]).G. Students, Dept. Of Mechanical Engineering, S.5.P.M’s College of Engineering, Mumbai University,
Maharashtra, India
5Professor, Dept. of Mechanical Engineering, S.S.P.M's College of Engineering, Mumbai University, Maharashtra,
India

Abstract - This project focuses on the innovative development of a regenerative magnetic suspension system that
uses permanent magnets to capture enerqy from the vibrations and movements of vehicles, aiming to improve energy
efficiency and sustainability within the automotive sector. Unlike conventional suspension systems that dissipate
energy as heat, this design utilizes high-performance neodymium magnets and wound copper coils to convert
mechanical energy into electrical energy via electromagnetic induction as the vehicle moves across varying terrains.
The energy recovered through this process can potentially power auxiliary vehicle systems such as sensors, lights, and
infotainment units, thereby contributing to overall vehicle efficiency. Preliminary simulations and calculations
indicate a substantial potential for energy recovery, positioning the system as a cost-effective and practical solution
that can be integrated into existing vehicle architectures with minimal modifications. By leveraging readily available
materials, this project addresses the challenges of energy waste in conventional suspensions while promoting
sustainable practices. The research not only advances regenerative technologies within the automotive industry but
also paves the way for future innovations in vehicle design and broader engineering applications.
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1. INTRODUCTION

In recent years, the automotive industry has been undergoing a transformation driven by the need for
improved fuel efficiency and reduced environmental impact. As vehicles become more electrified, the integration
of energy recovery systems has emerged as a promising approach to enhance energy utilization. Traditional
suspension systems primarily serve to support vehicle weight and absorb shocks; however, they also generate
significant amounts of mechanical energy that are often wasted. This presents a unique opportunity to develop a
regenerative suspension system that can capture and convert this energy into electrical power.This project
investigates the feasibility of a regenerative magnetic suspension system that employs permanent magnets,
specifically neodymium magnets, to harvest energy from vehicle dynamics. By utilizing the principles of
electromagnetic induction, the proposed system generates electricity through the relative motion between magnets
and coils. This technology aligns with the growing trend towards sustainability in automotive engineering, where
every component of a vehicle is assessed for its energy efficiency potential.

The regenerative magnetic suspension system aims to address several key challenges associated with
traditional suspension designs. Firstly, it seeks to improve energy efficiency by converting mechanical vibrations
into usable electrical energy, thereby reducing the reliance on external power sources. Secondly, the project explores
cost-effective design solutions that utilize readily available materials, making the system viable for mass production
and widespread adoption.Through this investigation, the project aspires to contribute to the field of automotive
engineering by demonstrating a practical application of regenerative technologies. The findings of this research
could pave the way for future innovations in vehicle design, enhancing the sustainability and efficiency of modern
transportation systems.
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2. REVIEW

The concept of regenerative magnetic suspension systems, particularly those involving permanent magnets,
reflects a progressive shift in vehicle dynamics and energy management. As electric and hybrid vehicles gain
prominence, the need to harvest energy from various mechanical systems has become increasingly relevant. While
traditional suspension systems primarily focus on damping and comfort, regenerative suspensions aim to recover
the energy dissipated during suspension travel. This literature review compiles and analyzes relevant studies, with a
specific focus on regenerative magnetic suspension systems utilizing permanent magnets, and their potential to
increase efficiency, sustainability, and innovation in vehicle design.

1. Energy Harvesting in Vehicle Suspensions

Energy harvesting from suspension systems is an emerging area of research aimed at converting the kinetic
energy from suspension movements into usable electrical energy. The energy that is dissipated as heat through
conventional suspension systems can be recovered in regenerative systems, contributing to the vehicle’s
overall energy efficiency.

1.1. Electromagnetic Regenerative Suspension Systems.

Zuo and Zhang (2013) were among the first to propose a comprehensive study of electromagnetic regenerative
suspension systems, focusing on the potential to harvest kinetic energy from suspension travel [1]. They
demonstrated that an electromagnetic system could generate significant electrical power by using coils and
magnets to capture the energy lost to road-induced vibrations. The system, however, required an external
power source to generate the magnetic field, adding complexity and cost [1].

1.2. Comparisons of Piezoelectric and Electromagnetic Systems

Patel and Joshi (2018) compared piezoelectric and electromagnetic systems for energy harvesting [2]. While
piezoelectric systems convert mechanical stress into electricity, they found electromagnetic systems better
suited for continuous energy harvesting due to their higher energy density and efficiency. The conclusion was
that electromagnetic systems, especially when combined with permanent magnets, present a more viable
option for energy recovery in vehicle suspensions [2].

1.3. Hybrid Energy Harvesting Systems

Wang et al. (2017) explored a hybrid system that combined both electromagnetic and piezoelectric components
for energy harvesting from vehicle suspensions [3]. The electromagnetic components were more efficient
during larger suspension displacements, while the piezoelectric elements provided energy recovery during
smaller vibrations. This approach underscores the possibility of combining various energy-harvesting
mechanisms for enhanced efficiency [3].

1.4. Mechanical Design of Electromagnetic Suspensions

Liu et al. (2019) focused on the mechanical design and optimization of electromagnetic regenerative
suspension systems [4]. They identified that the arrangement and number of turns in the coil, along with
magnet configuration, play a critical role in maximizing the induced current. Their research emphasized the
importance of careful design optimization for energy harvesting, making the system both efficient and practical
for real-world applications [4].
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2. Regenerative Suspension Systems Using Permanent Magnets

The use of permanent magnets in regenerative suspension systems represents a newer approach that can
eliminate the need for external power sources while providing a more cost-effective and energy-efficient
solution. While electromagnetic systems using coils powered by external fields have been studied extensively,
permanent magnets offer a way to simplify these systems by providing a constant magnetic field.

2.1. Permanent Magnet-Based Energy Harvesting Systems

Rao and Reddy (2020) developed a prototype that incorporated neodymium magnets into a motorcycle
suspension system to capture vertical suspension motion and convert it into electrical energy [5]. Their
findings demonstrated that the use of neodymium magnets in suspension systems offers significant energy
recovery potential while keeping the design relatively simple and cost-effective [5].

2.2, Magnetic Levitation and Suspension

Bose and Banerjee (2015) investigated the application of magnetic levitation (maglev) principles for energy-
efficient transportation systems, including vehicle suspensions [6]. Maglev technology, typically used in trains,
applies strong permanent magnets for both levitation and energy harvesting. Their research found that the
forces generated by permanent magnets could not only support the vehicle’s weight but also harvest energy
during suspension movement. While primarily focused on levitation, their findings are relevant for
understanding how permanent magnets could be used in energy-harvesting suspensions [6].

2.3. Neodymium Magnets in Regenerative Systems

Neodymium magnets, specifically, are widely known for their high magnetic field strength, making them ideal
for use in regenerative suspension systems. Nandan et al. (2021) the effectiveness of neodymium magnets in
low-cost energy harvesting applications. They found that neodymium magnets, due to their high energy
density, allow for efficient energy conversion in systems with limited space, such as vehicle suspensions [7].

2.4. Energy Harvesting in Vibrational Systems

A study by Gupta et al. (2017) focused on using neodymium magnets for energy recovery in vibrational systems
[8]. While their focus was on vibrational energy harvesting in industrial applications, the principles of using
strong magnets to capture kinetic energy from small motions can be directly applied to regenerative
suspension systems [8].

3. Recent Advances and Industrial Applications

While regenerative suspension systems are still an emerging area of research, there have been several
advancements in both academia and industry aimed at refining these systems and making them more suitable
for practical use.

3.1. Automotive Industry Applications

Tian et al. (2020) reviewed various energy recovery systems in the automotive industry, focusing on
regenerative braking, regenerative suspension, and hybrid vehicle technologies [9]. Their findings indicate a
growing interest among automakers in regenerative systems that can harvest energy from vehicle operations,
including suspension systems. They also noted that permanent magnet-based systems have a promising future
due to their low maintenance and durability [9].
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3.2. Energy Efficiency in Vehicle Suspensions

Alkhatib et al. (2016) analyzed the energy efficiency of various regenerative suspension systems [10]. They
found that permanent magnet-based systems can achieve higher energy efficiency due to their simplicity and
reduced need for external power. Their study highlighted that these systems, when optimized, can provide a
consistent source of electrical energy without significantly impacting vehicle performance [10].

3.3.Mechanical Design Considerations

Ghosh and Singh (2018) explored the mechanical design challenges associated with integrating permanent
magnet-based regenerative suspension systems into existing vehicle designs [11]. Their work suggested that
achieving an optimal balance between magnetic field strength, coil arrangement, and suspension travel is
critical for maximizing energy recovery while maintaining ride comfort [11].
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3. SUMMARY

This project focuses on the development of a regenerative magnetic suspension system that utilizes
permanent magnets to harness vibrational energy from vehicle movements. The system is designed to convert
kinetic energy from road-induced vibrations into electrical energy, enhancing the overall efficiency of vehicles.

The construction of the system involves a set of neodymium disc magnets arranged within a hollow PVC
pipe, where one magnet is fixed, and the other is movable. Copper coils wound around the inner surface of the
pipe capture the changing magnetic flux generated by the motion of the moving magnet, inducing an
electromotive force (EMF) and generating electrical power.

The generated energy can be rectified and stored for various applications, including powering auxiliary
systems within the vehicle. This innovative approach not only aims to improve energy efficiency but also
contributes to sustainability in automotive design by converting mechanical energy that would otherwise be
wasted.

This project will explore the design optimization of the suspension system, including coil configurations and
magnet arrangements, to maximize energy output while ensuring vehicle stability and ride comfort. Through
practical implementation and testing, the project seeks to demonstrate the viability of regenerative magnetic
suspension systems in real-world applications, paving the way for advancements in energy-efficient vehicle

technologies.
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