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Abstract

Magnetic Levitation (Maglev) technology has transformed material handling by offering an efficient,
contactless method for object transport. This innovation relies on electromagnetic repulsion and stabilization,
eliminating the need for traditional mechanical systems. Through powerful magnetic fields and
superconducting materials, Maglev systems effortlessly suspend and propel objects with minimal friction and
energy consumption. This review delves into Maglev's advancements and applications in material handling,
exploring fundamental principles like electromagnetic repulsion and stability control. It emphasizes benefits
such as reduced maintenance, increased throughput, and enhanced safety. The article provides insights into
Maglev's applications, spanning warehouse automation, assembly line transportation, and high-speed
logistics. It highlights how Maglev systems elevate operational efficiency, optimize space, and deliver precise
control over object movement, resulting in faster and more reliable material handling processes.
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1. Introduction

Magnetic levitation or maglev, has been widely
used in transportation and energy storage
applications, but its potential in material handling
has also been increasingly recognized. Maglev
technology uses magnetic fields to levitate objects,
eliminating the need for wheels or tracks and
reducing friction. In material handling, this
technology offers numerous advantages, including
improved efficiency, reduced damage to materials,
and increased precision in transport and storage.
From conveyor systems and cranes to pallets and
storage systems, maglev technology is poised to
revolutionize the way materials are handled and
transported [1]. Here are some examples:

1.1 Maglev Conveyor Systems

Maglev technology can be used to create conveyor
systems that transport materials without contact.
This reduces wear and tear on the materials and
reduces the risk of damage during transport [2].

Maglev conveyor systems can also be used in
cleanroom environments where traditional
conveyor systems could introduce contamination.

1.2 Maglev Cranes
Another application of maglev can be used to lift
and transport heavy materials [3-5]. Maglev cranes
use magnetic levitation to reduce friction and
increase efficiency, allowing for faster and more
precise material handling.

1.3 Maglev Pallets
Maglev pallets that can be levitated and transported
without the need for wheels. Maglev pallets can be
used in warehouses and distribution centers to
reduce the time and effort required for material
handling [6-8].

1.4 Maglev Storage Systems
Maglev technology can be used to create storage
systems that use magnetic levitation to suspend
materials in mid-air. This reduces the need for
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shelving and makes it easier to access materials
when needed [9].

Overall, magnetic levitation technology has the
potential to revolutionize material handling by
reducing friction, improving efficiency, and
reducing the risk of damage to materials [10].

2. Magnetic Levitation Technology

Levitation

Figure 1 Principle of Maglev (Reprint from
Zakria Qadir 2021)

Magnetic levitation, commonly known as Maglev,
Is a ground-breaking technology that has garnered
significant attention and interest in various fields of
science and engineering. The concept of magnetic
levitation involves suspending and controlling
objects in a stable position using magnetic fields,
eliminating the need for physical contact or support
mechanisms such as wheels or tracks. This
revolutionary approach to transportation and
stability has opened up new possibilities in diverse
areas, ranging from transportation systems to
material handling. The principles behind magnetic
levitation are rooted in electromagnetism and the
interaction between magnetic fields and electric
currents. By utilizing the fundamental properties of
magnetism and electrical conductivity, Maglev
systems can achieve levitation, propulsion, and
precise control over objects without the limitations
and drawbacks of traditional mechanical systems
shown in Figure 1. This contactless and frictionless
method of support offers numerous advantages,
including reduced wear and tear, increased energy
efficiency, and enhanced maneuverability (Hamid
Yaghoubi 2012) [11-13]. The basic system
configuration with physical sub-system interfaces
is shown in Figure 2.
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Figure 2 Maglev System Interface (Hamid Yaghoubi 2012)
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2.1 Electromagnetic Suspension
Electromagnetic suspension is a form of levitation
technology that utilizes powerful electromagnets
to achieve levitation and stability [14]. This
technology relies on the principle of
electromagnetic repulsion, where magnetic poles
repel each other. By applying an electric current to
the electromagnets, a magnetic field is generated,
which interacts with a conducting surface or track,
causing repulsion and levitation. This allows
objects or vehicles to float above the surface,
eliminating physical contact and minimizing
friction shown in Figure 3 [15]. One significant

Lateral guidance
electromagnets

Reaction rail

Levitation
electromagnet

Arm

Long-stator pack

application of electromagnetic suspension is in
Maglev trains. In Maglev train systems,
electromagnets are installed along the track, while
the train itself is equipped with magnets that
interact with the track's magnetic field. This
enables the train to levitate and glide smoothly,
offering a frictionless and efficient mode of
transportation. Electromagnetic suspension in
Maglev trains allows for high speeds, reduced
noise, and improved ride comfort compared to
traditional wheel-on-track systems.

Propulsion

Figure 3 Electromagnetic Suspension (reprint from R. Ozbek 2021)

2.2 Electrodynamic Suspension
Electrodynamic suspension is another important
form of levitation technology that relies on the
principles of electromagnetic induction [16]. In
this method, electrical currents are induced in
conductive surfaces or coils, creating magnetic
fields that interact with external magnetic fields to
achieve levitation (Figure 4). The induced currents
create opposing magnetic fields, resulting in
levitation and stability [17-19]. One notable
application of electrodynamic suspension is in
magnetic bearings. Magnetic bearings use
electromagnetic fields to levitate and support
rotating machinery, such as turbines or motors,
without the need for traditional mechanical

bearings. The electrodynamic suspension enables
the rotor to float freely, reducing friction and
mechanical wear, and enabling high rotational
speeds and precision control. Magnetic bearings
offer numerous advantages, including reduced
maintenance requirements, increased efficiency,
and improved reliability. Both electromagnetic
suspension and electrodynamic  suspension
technologies have significantly impacted various
industries [20]. While electromagnetic suspension
finds its most prominent application in Maglev
trains, electrodynamic suspension is widely used in
magnetic bearings for rotational machinery.
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Figure 4 Electrodynamic Suspension (R. Ozbek 2021)

These forms of levitation technology offer
enhanced performance, increased efficiency, and
improved reliability compared to conventional
mechanical systems, driving innovation and
shaping the future of transportation and industrial
applications [21].

3. Environmental Benefits of Maglev Material

Handling Technology

Maglev material handling technology offers
several environmental benefits that contribute to
sustainable practices in industries. One significant
advantage is its energy efficiency, as it minimizes
energy consumption by reducing friction between
materials and the transportation surface. This
results in lower energy costs and decreased carbon
emissions, promoting a greener approach to
material handling. In addition, the contactless
nature of maglev technology reduces the risk of
material damage during transportation. This not
only minimizes waste but also reduces the
environmental impact associated with the
production and disposal of damaged materials.
Furthermore, maglev systems operate silently,
reducing noise pollution in industrial environments
and creating a more pleasant working atmosphere.

Another important aspect is the improved safety
provided by maglev material handling technology.
By eliminating the need for physical contact
between materials and the transportation surface,
the risk of accidents and injuries is significantly
reduced. This promotes a safer working
environment for employees and contributes to a
more sustainable approach to industrial operations.
Furthermore, the use of maglev technology in
material handling systems helps reduce carbon
emissions, making a positive impact on climate
change mitigation efforts. With lower carbon
footprints, industries can contribute to a cleaner
and more sustainable future. Moreover, maglev
technology requires less maintenance compared to
traditional material handling systems [22]. This
leads to reduced resource and energy consumption
associated with maintenance activities, resulting in
cost savings and a more efficient use of resources.
Overall, maglev material handling technology
offers compelling environmental benefits,
including energy efficiency, reduced material
damage, lower noise pollution, improved safety,
reduced carbon emissions, and lower maintenance
costs. Embracing this technology can contribute to
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more sustainable industrial practices and support
4. Related works

The provided journal entries cover a wide range of
topics related to magnetic levitation technology,
including its development, application, and
optimization. Some entries highlight the potential
benefits of maglev systems, such as their high
speeds, low energy consumption, and potential
cost reductions. Other entries discuss the technical
challenges associated with developing maglev
systems, including stability concerns and
interactions between magnetic forces. There is also
discussion about the differences between maglev
and other high-speed transportation options, such
as high-speed rail, and the potential for maglev to
be integrated into intermodal transportation
networks [23]. Overall, the entries suggest that
maglev technology is continuing to evolve and has
a range of potential applications in transportation,
energy, and other fields. Numerous magnetically
levitated tracked vehicles that offer contactless
support and guidance are the result of magnetic
levitation research. Electrodynamic levitation
(EDL) and electromagnetic levitation (EML) are
two common forms. Due to its low damping, EDL
has stability issues whereas EML shows potential
for high-speed applications [25-27]. To overcome
stability problems and ensure practicality, more
study is required. Transport systems might
undergo a revolution thanks to magnetic levitation
(S. Yamamura Elect 1976). Eddy currents,
dynamic interaction, non-linearities in magnetic
circuits, and the interaction of lift and attraction
forces must all be carefully examined to construct
magnetically suspended vehicles employing
regulated DC electromagnets. The examination of
these factors is now taking place to help with the
final system design (P.K. Sinha 1984). The
magnetic levitation control system is a useful
example of feedback control in control course
instruction. It may be integrated into control
laboratories for compensator design and used as a
live control system design example. This study
describes how to regulate a nonlinear unstable

environmental conservation efforts.

magnetic levitation system using linear control
theory (T. H. Wong 1986). Improvements and the
creation of fresh ideas are implemented alongside
the development and testing of the TRANSRAPID
system in Ems land and are validated through
prototype testing. The development of
electromagnetic levitation reduces costs by
Allowing for simpler designs and less material use.
To verify system properties, the TR06 11 prototype
IS now being materialized. The outcomes thus far
illustrate the commercial viability, acceptability,
safety, and availability of Maglev transportation
systems (J. Meins 1988). A technique for
calculating the interaction between a hard
superconductor and a permanent magnet is shown
in this work. Its applicability to a variety of high-
temperature  superconductor  systems s
demonstrated by exact solutions for point magnetic
dipoles across flat superconductors, which enable
the estimation of energy losses based on the
magnetic field distribution (Alexander A. Kordyuk
1997). By accelerating huge rockets on a sloped
maglev track to speeds around Mach 0.8, NASA
hopes to investigate the viability of rocket
launches. This strategy may enable single-stage-to
orbit missions and significantly lower launch costs
by saving up to 40% of the fuel used by rockets
(Richard F 2000). For magnetic levitation systems,
the author suggests a nonlinear model and a control
rule based on differential geometry are created and
used in real-time. Experimental findings are
presented to illustrate how well the control law
works (Ahmed EI Hajjaji 2001). On December 31,
2000, the first man-loading high-temperature
superconducting Maglev test vehicle was put to the
test. With a net levitation gap of more than 20mm,
it functions properly and has transported more than
17,000 passengers (Jiasu Wang 2002). The author
talks about the technological choices made for
MAGLEYV projects across the world, including the
German Trans Rapid, the Japanese MLX, the
United States Inductrack, and the Swiss metro (A.
Cassat 2002). After 40 years of continuous growth,
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maglev technology has reached a new stage in its
evolution as a transportation technology. China has
a solid basis for practical transportation use, and
shortly, efforts will be concentrated on boosting
maglev for long-distance, intercity, and urban
transit (Yan Luguang 2006). Maglev trains are
appropriate for both intracity and intercity travel.
For low-to-medium speed operation, EMS
technology and LIM are chosen, but EDS
technology and LSM are suited for high-speed
operation. The technique can potentially be applied
to launch systems for aviation and spacecraft
(Hyung-Woo Lee 2006). With a promising future,
maglev offers several benefits for quick passenger
transit and has moved into a new stage of
transportation development (Luguang Yan 2008).
Maglev technology is extremely advanced and has
a variety of applications, including toys, stationery,
renewable energy, nuclear engineering, and civil
engineering. It provides a remedy for the world's
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foreseeable  engineering  demands (Hamid
Yaghoubi 2013). Maglev has limited benefits over
high-speed rail, according to the analysis, with
HSR having more advantages in terms of system
network, interoperability, and investment cost.
Maglev is difficult to integrate into intermodal
systems because of its networking restrictions and
incompatibility with other transportation systems
(Natdanai Wianglek 2015). Maglev trains are
initially expensive but have the potential for cost
reduction because they use less energy, go quicker
because there is no ground friction, and require
separate rails for levitation (Sujay Jaiaraman
2015). This study, which offers helpful guidance
for upcoming engineering applications, examines
the design and optimization of the positioning and
speed monitoring system for medium-low speed
maglev trains using experimental data (Wei Nai
2016).
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Figure 5 Levitation and Guidance Forces According to Levitation and Guidance Currents Analyzed
Using FEM (Jae-Hoon Jeong 2017)

OPEN aAccsss IRIAEM

591


about:blank

International Research Journal on Advanced Engineering
and Management
https://goldncloudpublications.com

e ISSN: 2584-2854
Volume: 02

Issue: 04 April 2024
Page No: 586-597

— ——
\RJAEM

il S -1

https://doi.org/10.47392/IRIAEM.2024.0082

In this study, magnetic fields in semi-high-speed
maglev train systems are analyzed. Two different
types of systems are compared, and the findings of
the FEM analysis are presented. Errors are
identified, and it is shown (Fig 5) that a new force
equation that takes the magnetic flux of fringing
into account is necessary for further research (Jae-
Hoon Jeong 2017). This essay examines the
planning and Fast passenger examination of the
levitation and guiding systems for a semi-high-
speed maglev train in Korea, including the building
and testing of prototypes to confirm the design's
viability, which has shown that maglev offers
several benefits (Min Kim 2017). For semi-high-
speed maglev trains using single-sided linear
induction motors (SLIMs), which have improved
low noise and dynamic properties, this research
suggests a novel slip-control technique. The
methodology is based on a study of SLIM thrust and
normal force using the finite element method
(FEM), and it has undergone full-scale testing to
prove its validity (Hyunuk Seo 2018). In this study,
load-carrying tests on a Changsha maglev express
train is used to evaluate the findings of theoretical
calculations and finite element numerical analysis
used to analyze the load performance of a magnetic
levitation system. The numerical computation
based on FEM is proven to be accurate and efficient
(Mingda Zhai 2019). In addition to introducing an
electromagnetic damping structure into the vehicle
suspension frame, this study makes a novel form of
maglev rail transit system proposal that takes into
account the linear drive and train suspension
guidance principles. A hybrid suspension control
system is constructed using a linearized state
feedback control technique for electromagnetic
levitation, and feasibility is investigated using finite
element modeling. The technology offers adjustable
observability and realizes 'zero' power suspension
(Tao Gao 2019). To choose the optimal levitation
controller for maglev trains using actual
experimental data, this research suggests an
artificially intelligent assessment technique based

on a 3-grade fuzzy method and analytic hierarchy
process. With some tweaks, the approach may be
used with other decision-making systems and
potentially offer information consultancy services
to maglev railway companies (Yougang Sun 2017).
The goal of this study is to develop a nonlinear
control method for the suspension system of a
maglev train while also recognizing the nonlinear
factors. Control performance and system robustness
are enhanced by the proposed Hopfield neural
network and radial basis function (RBF) network
adaptive control (Chen Chena 2020). This study
examines the viability of a High-Temperature
Superconducting (HTS) maglev system employing
an electromagnetic guideway (EMG). An E-shaped
electromagnet was created and put to the test for its
performance in levitation with various thrilling
modes and dimensions (Wei Hong 2020). The
MAGLEV train system described in this study
employs a hybrid system of permanent magnets and
electromagnets for levitation and propulsion and
also suggests a unique control method for it. The
suggested technology outperforms traditional
MAGLEV train designs in terms of energy
consumption and offers dynamic stability,
according to experimental data (Zakria Qadir
2021). Maglev has benefits including ease of design
and usage, being electricity-free, economical, and
compatible with delicate and rare samples. Maglev
designs' effectiveness is influenced by things like
magnet size and strength, paramagnetic medium,
and imaging technique. Maglev has several
biomedical uses, including as cell separation,
cancer diagnosis, and blood analysis. Maglev
systems can be improved even more using machine
learning methods. Maglev may be used in future
research to model and track the effects of extended
weightlessness on the human body (Sajjad Rahmani
Dabbagh 2022). In conclusion, magnetically
levitated precision motion systems have advanced
significantly and provide several benefits for
applications in precision engineering. These
systems have the potential to attain even higher
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levels of performance and be used in a wider range
of applications with continuing research and
technical breakthroughs (Lei Zhou 2022). To
regulate the position of a magnetic levitation ball,
this research suggests a neural network
compensation control approach based on fuzzy
inference.  Results from  simulations and
experiments show that the suggested approach is
successful in monitoring rapid reference signals like
step and square waves and considerably enhances
the transient quality of the control system without
degrading steady-state accuracy (JiaweiTang,
Zhiwen Huang 2022). In this study, a magnetic
levitation method for  density-based cell
characterization without a pump is presented. The
technology allows for the evaluation of treatment
efficacy at the level of the individual cell and
provides sensitive and efficient determination of
cellular density on tiny sample volumes (Qiu-Hua
Gao 2022). Using a multi-case study methodology,
this study assesses the transportation efficiency of
material handling systems for the logistics of sterile
instruments in hospitals. The purpose is to offer
direction on which system to use and when based
on a strategic fit framework that takes hospital

features and contingency theory into account. The
use of autonomous mobile robots is suggested as a
potentially effective way to cut costs and manpower
in the transportation of instruments (Giuseppe
Fragapane 2023). A technique for creating control
systems that can optimize the transient response of
intricate mechanical systems is presented in this
work. The method may be used for pre-production
since it is flexible and resistant to the effects of local
minimum trapping. The algorithm's effectiveness in
lowering overshoot was demonstrated during
testing on a magnetic levitation device. The
technique may also be used to solve multi-objective
problems including ideal coil proportions and
diameters, as well as to optimize critical
components of any magnetic levitation system (Igor
Reznichenko 2023). In this study, a magnetic
levitation techniqgue for non-contact cell
manipulation and measurement is presented [28-
30]. This technique successfully forms cell clusters
and distinguishes between living and dead cells.
Potential uses for the technique include tissue
culture, disease detection, and bio-fabrication
(Chenxin Lyu 2023).
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The three types of levitation control algorithms for
maglev trains—Ilinear, nonlinear, and intelligent
control—are covered in this article (Fig 6). It
provides advice for choosing them by outlining
their benefits, drawbacks, and relevant engineering
conditions (Fengxing Li 2023). For applications
involving material handling, a technique based on
collision-risk stochasticity and global trajectory
design has been put forth to enhance navigational
smoothness and prevent navigational failure. With
a 10% reduction in execution time, tests in
simulation and real-world trials showed a
considerable improvement in safety and energy
economy (Massinissa Graba 2023). Exorbitant
speed, solar energy consumption, and weather
resilience are all benefits of the Hyperloop, but its
exorbitant cost may prevent it from being widely
used [31]. Before adopting  passenger
transportation, cargo transportation could be a
more practical way to increase and demonstrate the
dependability of the technology (R. Ozbek 2021).
5. Findings & Discussions
eHigher Speed: Maglev material handling
systems can travel at higher speeds than
traditional conveyor belt systems, allowing for
quicker transportation of goods and materials.
eGreater Precision: Magnetic levitation
technology allows for precise control over the
movement of materials, reducing the
likelihood of damage or errors during
transportation.
eLower Maintenance: Maglev systems
require less maintenance than other material
handling technologies since they have fewer
moving parts that can wear out or break down.
e Quieter Operation: Magnetic levitation
technology produces less noise than
traditional conveyor belt systems, creating a
quieter and more pleasant work environment.
e Better Energy Efficiency: Maglev systems
are more energy-efficient than traditional
conveyor belt systems because they use less
power to move materials.
e Flexible Design: Maglev systems can be

designed to fit into a variety of spaces,
including small or irregularly shaped areas,
making them more adaptable to different
manufacturing or warehouse environments.

e Increased Safety: Maglev systems eliminate
the need for workers to be near moving
machinery, reducing the risk of accidents and
injuries.

Overall, maglev material handling systems offer
numerous advantages over traditional conveyor
belt systems and other material handling
technologies, making them an attractive option for
many manufacturing and warehousing operations
[32-35].

Conclusion

This review article explores the advancements and
applications of magnetic levitation technology in
material handling. Magnetic levitation, or Maglev,
technology utilizes powerful magnets and
electromagnetic principles to levitate and control
objects without the need for physical contact or
support mechanisms. Maglev technology offers
numerous advantages in material handling,
including reduced friction, increased efficiency,
and reduced risk of damage to materials.
Applications of Maglev technology in material
handling include conveyor systems, cranes, pallets,
and storage systems. Both electromagnetic
suspension and electrodynamic  suspension
technologies are used in various industries to
achieve stable levitation and propulsion.

Future Work

In the future, further development of the prototype
material handling system that uses maglev
technology could involve optimizing the system
for specific industries and applications, such as
warehouse automation or transportation of fragile
or sensitive materials. This could involve
enhancing the control algorithms and sensors used
to ensure the safe and efficient handling of the
materials [36]. Additionally, scaling up the system
to handle larger volumes of materials and
integrating it with other automated systems could
also be a potential area for future work. Further
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research could also focus on reducing the costs of
implementing the maglev technology and
exploring its potential for sustainability and energy
efficiency.
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