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SUMMARY- The purpose of this systematic review is to offer a 

compilation of information about the technological advances of 

magnetic levitation applied in trains from the years 2018 to 2023. To 

collect information, used he seeker Scopus, where we first started with 

an unfiltered search for the topic to be investigated, thus obtaining a 

total of 2392documents; After applying a series of filters through the 

PRISMA selection process, a total of 114 documents that were used for 

the final development that of the systematic review. Finally, it is 

concluded that magnetic levitation applied to trains offers a series of 

advantages in terms of efficiency, speed, and sustainability. However, 

continued investment and development is still required to overcome 

challenges and achieve wider implementation in rail transport 

globally. 
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I. INTRODUCTION 

Rail transport has advanced rapidly, reducing temporal and 

spatial distances between people, improving their travel 

experiences and contributing significantly to economic and 

social progress. In the constant search for efficient and 

sustainable changes for modern transportation, magnetic 

levitation emerges as a revolutionary innovation that redefines 

the possibilities of railway systems. Magnetic levitation 

technology, known as maglev, has been the subject of academic 

interest since the 1960s. Countries such as Germany, Japan, the 

United States, China, Brazil and South Korea have investigated 

this technology, but Germany and Japan stand out for its 

advances, thanks to its early investments in research and 

development. China has also been actively involved in the 

development of maglev technology in recent years, using 

approaches including introduction, absorption, assimilation and 

reinvention [1]. 

Magnetic levitation is an engineering principle that uses 

magnetic fields to suspend and maintain objects in the air 

without physical contact with any solid surface. It is achieved 

through the use of superconducting magnets that generate 

extremely powerful and stable magnetic fields. This technology 

is used in applications such as magnetic levitation (maglev) 

trains, in which trains float on a magnetic track and travel at 

high speeds with very little friction, making them efficient and 

fast. It is also used in scientific experiments and industrial 

applications where precise control of the position of objects 

without physical contact is required.[2]. 

Magnetic levitation in superconductors represents a 

fascinating manifestation of fundamental physical phenomena 

that defy conventional laws of gravity and magnetic interaction.  

Superconductors, materials that exhibit perfect electrical 

conductivity at extremely low temperatures, have opened the 

door to revolutionary possibilities in various fields of science 

and technology. Among these possibilities, magnetic levitation 

stands out as an impressive and promising phenomenon that has 

captured the attention of researchers, engineers and science 

enthusiasts. Magnetic levitation in superconductors is based on 

the unique ability of these materials to completely expel the 

magnetic fields from their interior when they reach critical 

temperatures. This phenomenon, known as the Meissner effect, 

lays the foundations for the development of levitation systems 

that defy gravity in an apparently magical way. By eliminating 

the electrical resistance and energy loss associated with 

conventional materials, superconductors enable the creation of 

stable magnetic fields that hold objects in suspension without 

apparent physical contact.[3]. 

The application of magnetic levitation to trains represents 

a significant milestone in the evolution of land transportation, 

overcoming the traditional limitations of friction and resistance, 

and opening the door to a new era of speed, energy efficiency 

and passenger comfort. By eliminating the need for physical 

contact with rails, this technology eliminates friction and 

dramatically reduces resistance to movement, enabling 

exceptional speeds and unprecedented energy efficiency. This 

cutting-edge approach not only challenges the traditional 

limitations of rail systems, but also promises a smoother, 

quieter travel experience, transforming the perception of rail 

transportation [4]. 

Magnetic levitation technology continues to be developed 

and researched, so in recent years research has been presented 

explaining the failures that Maglev trains could have in 

different contexts and the possible solutions to these failures 

based on numerical methods and models. To explain these 

failures, some study contributions presented are briefly shown: 

It is known that the unstable aerodynamic performance of 

a maglev train is due to the ground conditions, where numerical 
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tests were done analyzing how different ground conditions 

affect the behavior of the airflow around the maglev train. 

These changes can influence the stability of the train and 

simultaneously affect the performance and efficiency, due to 

which the energy consumption of the train increases and 

reduces the comfort of users, for these reasons we want to make 

certain parameters of the train known. Maglev [5] also proposed 

the method of improving feedback linearization control in 

suspension systems that counteract the variation of inductance. 

This method is based on the levitation excitation of the hybrid 

excitation magnet, the different operating conditions and the 

sensitivity of the system model to the error of the inductance 

parameter [6], a speed tracking system based on the algorithm 

was also proposed APSO-NLADRC control system to solve the 

instability and uncertainty interference problems in the speed 

tracking system of maglev trains.[26] 

There was also an analysis of traction motor noise and 

suspension frame vibration. The reasons for the noise were 

analyzed from the distribution of the high-frequency vibration 

of the suspension frame in the frequency domain and one of the 

answers to this problem is that as the train accelerates, the sound 

pressure increases [7]. 

It was also sought that by means of a hybrid configuration it 

allows to strongly increase the levitation force of 

superconducting magnetic levitation systems, for this it is 

demonstrated that levitation forces can be obtained more than 

three times greater than those obtained with a conventional 

configuration [8]. 

 

A fault tolerant control of the magnetic levitation system based 

on a state observer was also proposed. An investigation was 

carried out and it reveals that the overall performance is 

unpleasant, and the electromagnet suffers from severe fevers 

and it was given as one of the results that the state observer of 

the fault-tolerant control system is successfully configured and 

the gap measurement is estimated effectively [9]. 

Next, three types of typical levitation control methods, namely 

linear state feedback methods, nonlinear control methods, and 

intelligent control methods, are reviewed according to their 

improvements and applications. Finally, we summarize and 

evaluate the advantages and disadvantages of the three 

methods, and future developments of levitation control are 

suggested. The purpose of this systematic review is to offer a 

study on the use of the advances that superconductors offer us 

in favor of magnetic levitation applied in trains. 

 

II. METHODOLOGY 

To collect and select information for the systematic review, 

the PRISMA selection process was used, of which the question 

formulation is: What are the most recent advances in magnetic 

levitation technology? This selection will be divided into 2 

stages, following the strategy of [36], in which each one will 

offer a reduction in the number of sources initially taken, 

eventually reaching a defined number of sources that will be 

used for this systematic review. 

 

To collect the information, used the search engine Scopus. 

 

Stage 1 

At this stage, we first started with an unfiltered search for 

the topic to be investigated, thus obtaining 2,392 results. 

 

Scopus 

"Magnetic levitation” AND “train" 

 

Then a filtering was done in the search engine considering 

the type of document, the age of the documents, region, 

language, area and type of access. Of which the document type 

was article, the age was approximately 5 years (2018-2023), the 

supported regions were all possible, all regions, the main 

language of articles was English, the area was engineering and 

finally the type of access was free. 

 

Stage 2 

At this stage we started with a total of 114 documents 

which were analyzed and values (0, 1 and 2) were assigned. 

Documents that are not aligned with the objectives of this 

research received a rating of 0. Documents that are moderately 

aligned with the objectives were rated 1. Documents that are 

focused on the objectives were assigned a rating of 2. Only The 

documents that were assigned a score of 2 remained, those with 

a score of 1 were reviewed by the rest of the group members to 

have a consensus decision and the documents with zero points 

were excluded, leaving 37 relevant documents. 

 

 
Fig. 1 Selection flowchart 
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Finally, he carried out an in-depth analysis of the full text 

of the accepted documents with the purpose of highlighting the 

most relevant information of each of them. 

 

 

III. RESULTS 

37 documents were obtained for Scopus. There is a growth 

trend in research focused on magnetic levitation applied to 

trains, given that 3 documents were obtained in 2018, 4 in 2019, 

9 in 2020, 3 in 2021, 9 in 2022 and 9 in 2023. 

 

 
Fig. 2 Documents by years 

 

 

The documents can also be divided by geographical 

location of the continents, considering that some documents 

were collaborations from 7 countries, of which 1 was from 

Africa, 31 were from Asia, 5 were from Europe. From where 

we can see that the continent and the year with the most 

documents are Asia and 2023 respectively. 

 

 
Fig. 3 Documents by country 

 

It can be seen that there is greater emphasis on topics that 

deal with failures, dynamics, optimization and model. In the 

topics that talk about failures, the weak points of the system 

were identified and solutions were created to ensure better 

service, as well as improving the design to reduce these failures 

and optimize its operation. In the topics that talk about 

dynamics, you can understand the behavior of the train in 

different situations and how parameters such as speed, 

acceleration and stability in curves vary. In the topics that talk 

about optimization, they focus on seeking constant 

improvement, improving efficiency, reducing travel times and 

in the topics that talk about models, they help simulate the 

behavior of trains for certain conditions. With these simulations 

we can analyze the performance of trains and be able to design 

more effective operation and maintenance strategies. 

 

 
Fig. 4 Categorization of documents 

 

Finally, we can divide the articles by the scope they cover, 

of which 8 articles were about failures, 7 were about dynamics, 

10 were about optimization, and 12 were about mathematical 

modeling. 

 
IV. DISCUSSIONS 

In the present investigation, four categories were obtained 

in which there were many documents where there is a lot of 

information on the topic. 

 

Research for mathematical modeling found that, the maglev 

train is the candidate to be the best railway system, since it 

travels at ultra speed and has self-stability in its movement [10]; 

models of as reduce the 3 types of resistance that every type of 

train presents in its movement[eleven]. On the other hand, a 

model was found for the dynamic state of the train based on the 

hypothesis that in the levitation suspension there is an 

electromagnetic hole [12]. Furthermore, it came what is due to 

provide a force for when the train goes through curves, 

sometimes there is friction between the track and the guide 

electromagnet, this affects the operation of this[13]. 

In [14] a mathematical model was proposed which can detect 

faults in a timely manner and has a low false alarm rate and 

could be used in fault diagnosis in this system, also presented a 

modeling where The use of current feedback and magnetic flux 

density feedback as control methods is discussed, and the 

importance of accurate magnetic density measurement is 

noted.[fifteen]; Another study focused on achieve a stable 

suspension for non-contact operation of maglev trains, the 
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simulation results indicate that the deflection and deformation 

direction of the same LM in the front transition curve is 

opposite to that in the rear transition curve. Furthermore, the 

deflection and deformation direction of a left LM in the 

transition curve is opposite to that of the corresponding right 

LM. It is observed that the deformation amplitudes in the center 

of the vehicle are small, but the deformation at the ends of the 

vehicle is considerably large, generating perturbations in the 

nominal levitation space.[16].  

 

As for the failures that the Maglev can suffer, it would be 

the electromagnet levitation system, since apart from being the 

smallest, it is also the most important, it can completely reflect 

the properties of the Electromagnetism Suspension (EMS) 

system, such as the characteristic of inherent instability and 

dynamic performance under adjustment from control [17]. In 

addition, they may also suffer from single-phase disconnection 

faults of the long stator linear synchronous motor model, which 

explains that the amplitude of the grid current rises and falls for 

a short time, indicating that the side, the grid is subject to a 

shock caused by this, or also short circuit fault between phases 

of LLSM, indicates that the three-phase current changes, which 

means that the three phases are not balanced and there are 

harmonic components in the current [18]. The track beams and 

other functional parts tend to have irregularities, which is why 

they must be considered periodic, the deformations of the 

beams refer to the deflection, caused by the increase in the load 

when the train passes over them [19]. On the other hand, there 

is also mechanical fatigue of rubber materials, the reduction of 

the mechanical properties of rubber with the gradual 

propagation of cracks under dynamic stress, thanks to studies it 

was learned that these suffer fatigue damage in areas of high 

stress, these areas are prone to crack initiation under cyclic 

loading, rubber failures are mostly due to abnormal cracks, glue 

failures and surface wrinkles [20]. 

 

Maglev vehicles present a peculiar work dynamic, since it 

uses the suspended electromagnet that occurs in two directions, 

the angle of rotation and the other the vertical vibration, but the 

dynamic model of the train means that it has three degrees of 

freedom of the body. , the secondary equivalent model based on 

the hollow spring and the suspension motion equation, being 

characteristics of the low or medium speed Maglev train [21], 

although the body structure of the medium speed maglev train 

is basically the same as that of the low-speed maglev train. The 

main difference lies in the mode of levitation and linear traction. 

, while [22] focuses on between the cars; It also considers the 

special working conditions of slopes, curves and tunnels, which 

describe the actual operation of maglev trains more accurately 

than the single mass point model of maglev trains.[23]. Phase 

space recurrence analysis is a typical the sensor position, since 

low-speed Maglev trains (0 – 120 km/h), it is beneficial to 

reduce the deflection amplitude of the levitation gaps of the 

low-speed Maglev train. On the other hand, the multi-point 

kinematic and dynamic model of the maglev train takes into 

account the electromagnetic resistance and operating resistance 

of the linear generator of the maglev train, as well as the 

coupling forces method used to understand nonlinear dynamic 

systems, such as rotating combustion chambers. In such 

combustion chambers, physical processes include 

hydrodynamics, acoustics, and chemical combustion, which are 

characterized by acoustic pressures, flow velocity and unstable 

heat release and other variables [24]. Another factor is the cost 

of construction of the track has been estimated between 60% 

and 70% of the total initial investment in a Maglev train. To 

reduce overall construction costs, lighter guideways are used. 

Recommended due to the high amount of expense. A guide 

burner is more flexible, which causes serious vibration 

problems. The cost-effective approach is to reduce the guide 

rail while maintaining a stability tolerance [25]. Compared with 

the static ground condition, the drag coefficients of the head and 

tail gears of the maglev train under moving ground conditions 

tend to increase, and the increases in the aerodynamic drag 

coefficients of the head and tail gears are 3.45% and 3.31%, 

respectively. Compared with the stationary ground condition, 

the lift coefficients of the head and tail of the maglev train are 

smaller under moving ground conditions. Compared with the 

static terrain boundary condition, the lift coefficient of the head 

and tail car decreases by 157.78% and 5.13% respectively in the 

moving terrain boundary condition [26]. 

 

•The cost of track construction has been estimated between 

60% and 70% of the total initial investment in a Maglev train. 

To reduce overall construction costs, lighter guideways are 

used. Recommended due to the high amount of expense. A 

guide burner is more flexible, which produces serious 

vibrations. The cost-effective approach is to reduce the guide 

rail while maintaining a stability tolerance.  

 

•Compared with the static ground condition, the drag 

coefficients of the head and tail of the maglev train under 

moving ground conditions tend to increase, and the increases in 

the aerodynamic drag coefficients of the head and tail trains are 

of 3.45% and 3.31%, respectively. Compared with the 

stationary ground condition, the lift coefficients of the head and 

tail of the maglev train are smaller under moving ground 

conditions. Compared with the static terrain boundary 

condition, the lift coefficient of the head and tail car decreases 

by 157.78% and 5.13% respectively in the moving terrain 

boundary condition.  

 

For optimization, there are many parts and contexts that 

can be changed, improved or enhanced, for example, proposing 

a suction method to mitigate the pressure waves of the maglev 

train and the tunnel. In the article [27], they carried out this 

research and revealed the ability of the suction technique to 

alleviate the aerodynamic effect of the tunnel. However, as 

observed in the evaluation of tunnel surface pressure, the relief 

effect of multiple suction slots cannot be accumulated. 

Therefore, further studies on the distribution and dimensions of 
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suction slots will be necessary in the future. It can be said that 

the topic was left open and that there is much to discover and 

analyze. 

 

It is also known that the maglev train is easily affected by 

external interference, which increases the power consumption 

of the train and reduces the travel comfort of passengers. In [26] 

focuses on the speed tracking control of the maglev train 

operation system. Given the complexity and instability of the 

maglev train operation system, traditional speed tracking 

control algorithms demonstrate poor tracking precision and 

large tracking errors, for this reason a speed tracking system 

based on the algorithm is proposed. APSO-NLADRC control 

to solve the instability and uncertainty interference problems in 

the speed monitoring system of maglev trains, showing results 

that the APSO-NLADRC control algorithm proposed in this 

article has better control effects and robustness. 

 

To reduce the impact of noise on the environment and 

reduce wasteful energy dissipation of traction motors, field tests 

were carried out in [23] to measure the traction noise and 

vibration of the suspension frame in a maglev train of medium 

and low speed commercially operational. Tests showed that as 

the train accelerates, the sound pressure increases overall, but 

the increase becomes smaller with each test speed. The speed 

of the maglev train is closely related to the vibrations of the 

suspension frame in lateral/vertical directions. The dominant 

frequency of traction motor noise is basically consistent with 

that of suspension frame vibration acceleration, which 

demonstrates that suspension frame vibration is the main reason 

for high-frequency noise in maglev train operation. low to 

medium speed. 

 

It is known that superconducting magnetic levitation is 

based on the stable levitation of superconductors on magnets or 

magnetic guides after cooling them in the field generated by the 

magnets or guides. This process is known as field cooling. In 

maglev trains, the magnets are inserted into the guides and the 

superconductors are located in cryostats located under the 

carriages, knowing this in [28] a greater magnetic levitation 

force was evaluated in a stable hybrid superconducting 

magnetic levitation configuration, where new measurements of 

levitation and lateral force are reported, carried out with a 

configuration of this type. The results obtained with an original 

hybrid configuration that allows the levitation force of 

superconducting magnetic levitation (SML) systems to be 

strongly increased are also presented. This article is composed 

of the experimental section that presents the levitation system 

that analyzes and details the measurements achieved, the 

section where the measurements of the levitation and lateral 

forces carried out with the conventional and proposed 

configuration are compared, there is also the section where 

Calculations are made that reproduce the measurements. The 

conclusion was reached that the measurements reported in this 

manuscript show that with the proposed configuration levitation 

forces more than three times greater than those obtained with a 

conventional configuration can be obtained. These large forces 

are due to the contribution of the repulsive force between the 

magnets. One could also say that, contrary to Earnshaw's 

theorem, superconductors stabilize magnets with opposite 

magnetizations. 

 

In [29] the authors propose a methodology for the optimal 

discrete-time control of double integrators with perturbations, 

providing a closed-form solution with lower computational load 

that can be easily extended to general second-order systems. 

The results show fast convergence in finite time, in addition to 

providing the definitive stable attractor. The proposed 

algorithm for the optimal discrete-time control of double 

integrators with perturbations, the perturbations are analyzed, 

including uncertainty and external perturbations, the main 

result shows that for the system with perturbations, any point of 

the initial state can converge to a certain region (region of stable 

attraction) in a finite time and quickly. 

 

A study was also carried out on the effect of the position of 

the dimples on reducing the drag of high-speed Maglev train. 

An improved delayed separated eddy simulation (IDDES) 

model with good flow field simulation results around the train 

was used in [30] to numerically simulate a high-speed maglev 

train with dimples arranged in the aerodynamic area of the 

caboose. of the train. This study performed the following 

numerical methods such as geometry models (model used in 

this study was a TR-08 high-speed maglev train), calculation 

domain and boundary conditions, mesh strategy, data 

processing, independence verification of mesh and wind tunnel 

test verification. The drag reduction mechanism of dimples was 

revealed and the influence of dimple position on the drag 

reduction effect of high-speed maglev train was clarified. 

 

There is also talk of optimizing the size of the permanent 

magnets of the Halbach matrix for the magnetic levitation 

system for the permanent magnet maglev train. In [31], an 

investigation was motivated to optimize the size of the 

permanent magnet Halbach Array by combining finite element 

analysis with the levitation force model, which avoids the 

intuitive and empirical design optimization process. Having as 

results: 

● When the width of the Halbach Array permanent magnet 

stack structure is equal (a=b=c), the optimal thickness and 

width of a single group of permanent magnets are 20mm 

and 22mm respectively. 

● When the size of the anti-parallel horizontally magnetized 

permanent magnets is the same and the width of the middle 

vertical magnetized permanent magnet changes, i.e. 

(a=c=22mm), the optimal width of the center permanent 

magnet is 24mm. 

● When the width of the permanent magnet is 30mm and the 

thickness is 13mm, the growth rate of levitation force is the 

largest; When the thickness of the permanent magnet is 
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26mm and the width of the permanent magnet is 18mm, the 

growth rate of the levitation force is the largest, that is, the 

utilization rate of the permanent magnet is the best. 

 

In [32] an investigation is carried out on how to improve 

the operational efficiency of a maglev train using a LIM, the 

relationship between the sliding frequency of the train, the 

normal force and the propulsion force was analyzed through a 

mathematical study. Using the analytical results, the sliding 

frequency with optimal efficiency was deduced based on the 

operating conditions of the train, while limiting the normal 

force to the extent that the levitation system of the train did not 

fail. Subsequently, the slip frequency was modified according 

to the train operating conditions in real time. Using the ATO 

driving system, a simulation test was carried out in which the 

slip frequency was varied depending on the driving conditions 

of the train while it was running, and an experiment using a real 

train. Their results confirmed that the efficiency improvement 

using the proposed method was significant, they also verified 

that the proposed method is more efficient than the existing 

method (the proposed method uses LIM features, which are 

suitable for low and medium speed types). 

 

In other areas It was obtained that the investigation 

carried out reveals that the general performance is unpleasant, 

and the electromagnet suffers serious fevers. To solve this 

problem, they propose to design the state observer as a solution 

to build the fault-tolerant control system. The designed observer 

is applied to estimate the failure sensor gap measurement so that 

the suspension unit does not fail. Therefore, the state observer-

based fault-tolerant control system significantly improves the 

redundancy and fault-tolerant capability of the maglev system 

in case of sensor failure. 

 

In several documents they aim to create a model that seeks 

to improve maglev trains, have better energy savings, economic 

costs, reduce the resistance presented by the trains, examples, 

running resistance, air resistance, resistance to the coil of the 

train. suspension frame generator [10]. It also seeks to have 

better stability in its journey. In all models, the project must be 

well analyzed, reliability and correctness tests of the system 

must be carried out with simulations before the production of 

the prototype [8]. The effectiveness of the models is supported 

by experimental and simulation results. The models provide a 

basis for research into improving magnetic levitation 

technology. They can be used to investigate new techniques and 

approaches that enable more advanced and efficient systems in 

the future. 

 

V. CONCLUSIONS 

 Magnetic levitation in maglev trains can be classified as an 

ambitious project for engineering due to the various 

mathematical models and designs with which it can be 

developed, in addition to the social impact it generates by 

mobilizing many people per day, also mention that would 

reduce environmental pollution. 

 

 Field tests were conducted to measure traction noise and 

suspension frame vibration on a commercially operational low 

and medium speed maglev train. 

  

 The noise reasons of the traction motor were analyzed from 

the high-frequency vibration distribution of the suspension 

frame in the frequency domain. One of the answers to this 

problem is that as the train accelerates, the sound pressure 

increases in general, but the increase becomes smaller with each 

test speed. 

 

 Magnetic levitation applied to trains offers a series of 

advantages in terms of efficiency, speed and sustainability. 

However, continued investment and development is still 

required to overcome challenges and achieve wider 

implementation in rail transport globally. 
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