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Abstract. With the continuous development of rail transportation, people have put forward higher
requirements for high-speed train and ride comfort. At present, the world's most advanced and fast
rail transportation is the maglev train. Its development will surely bring more convenience to
people's production and life. This paper describes two common operating modes of maglev train and
their respective advantages and disadvantages. At the same time, their structure and principle are
analysed. In this paper, the whole development process of maglev is introduced, and it is divided
into different major countries. Finally, it gives some constructive suggestions on the future
development direction of maglev, and puts forward the direction of vacuum passage, supplemented
by practical research examples.
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1. Introduction

People's travel methods continue to improve, maglev train is now the representative of efficient
land travel. However, it works in two ways, and the two fit in different places. At present, the design
of suspension system can be divided into two directions: normal conductance type and
superconducting type. The normal conduction type is also known as the normal magnetic absorption
type. It uses the principle of electromagnetic suction of ordinary DC electromagnet to suspend the
train, and the suspended air gap is small, generally about 10 mm. The speed of the normal maglev is
400~500km/h [1]. Superconducting type, also known as superconducting magnetic repulsion type,
makes use of the strong magnetic field generated by superconducting magnets to interact with the
coils arranged on the ground during train operation, generating electric repulsive force to levitate the
train. The suspended air gap is large, generally about 100mm, and the speed can reach more than
500km/h. The levitation technology is electromagnetic levitation system (EMS) and electric levitation
system (EDS). In this paper, the two methods are compared and the scenarios suitable for each other
are obtained to provide help for the planning of the local government. Civilian adoption of the maglev
is more likely.

2. History and development

2.1. In the early development

Japan, due to its geographical position, was in urgent need of a medium and long-distance
transportation suitable for inland areas, so it was the first country to begin research on permanent
maglev trains, starting in 1962. And with the continuous progress of science and technology,
gradually turn to superconducting maglev train technology research. It was not until the 1970s that
japan successfully developed a super-high speed maglev train with a speed greater than 500km/h, and
it ran safely with passengers on board. In 1995, a manned maglev train was tested at speeds of up to
411km/h. In December 1997, he set the world's highest speed of 550km/h on a test line in Yamanashi
Prefecture [2].

Germany began to do research on maglev trains in 1968. At the beginning, the normal conductor
and superconductor were paid equal attention to. After comparing the cost, durability and safety of
ordinary conductor and superconductor test trains, Germany, different from Japan, chooses to focus
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on the development of permanent maglev trains and continuously makes technological breakthroughs
in them. At present, Germany has become the most mature country in the research of permanent
magnet maglev train technology in the world, and has become the reference object of most countries
in northern Europe.

In the early 1980s, China began to conduct research on low-speed normal maglev trains. In October
1994, Southwest Jiao tong University completed the first test line of maglev railway, and carried out
the manned test of maglev train at the same time, successfully carried out the test of the maglev train
with 4 seats, the dead weight is 4T, the suspension height is 8mm, the speed is 30km/h, which passed
the expert appraisal organized by the Ministry of Railways in January 1996. Then, in the Institute of
Iron Research ring test line gauge 2M, 36m long, designed for a speed of 100km indoor maglev test
line successfully on the length of 6.5m, 3M wide, weight 4T, 15 seats, designed for a speed of
100km/h of the low-speed normal 6T single bogie maglev test car In November 1998, it passed the
appraisal of scientific and technological achievements of the Ministry of Railways, which filled the
gap in the field of maglev train technology in China [3].

2.2. Current situation of the development

The LO maglev train is the latest type of maglev train in Japan. The model is made up of five
carriages and has a commercial speed of 500 km/h. A test run with a total distance of 4,064 km was
conducted on 14 April 2015, updating the previous record of 2,876 km in 24 hours in 2003. On April
16, 2003, the seven-car train reached a maximum speed of 590 km/h, surpassing the world record of
581 kilometres per hour set by the MLX01-2 high-speed train on December 2, 2003. The current
world record, 603km/h, is held by the L0 high-speed train, which was set in 2015 [4].

In 2016, Changsha Maglev Express train with a speed of 100 km per hour was put into operation
under the lead of CRRC Zhujiang Machinery Corporation, which was called the 1.0 version of China's
commercial Maglev train in the industry. Commercial Maglev version 1.0 is more suitable for urban
areas. In June 2018, China's first commercial maglev 2.0 train rolled off the production line at CRRC
Zhuzhou Electric Locomotive Co LTD. The 2.0 version of the train is designed to run at 160
kilometres per hour and has three compartments with a maximum capacity of 500 passengers. In
addition, the vehicle's traction power is increased by 30% and its suspension capacity is increased by
6 tons. The commercial Maglev 2.0 train is suitable for transportation between central cities and
satellite cities [5]. At 10:50 on May 23, 2019, China's 600km/h high-speed maglev test vehicle rolled
off the assembly line in Qingdao. This marks a breakthrough in China's high-speed maglev
technology.

3. EMS and EDS technology

3.1. EMS technology

3.1.1. Principle

More traditional EMS-style maglev trains work by using the attraction of magnets on the train and
on the track to levitate the train. In the actual operation process, it is necessary to fine adjust the
suspension distance of the vehicle and the suction generated by the electromagnet, so as to generate
enough and appropriate lift force, so that the train can be suspended. And when the vehicle is running,
the wheel also needs to keep a certain lateral distance with the track, so that the friction force is further
reduced. At the same time, in the process of train operation, it is necessary to carry out horizontal and
vertical direction guidance to ensure the safe operation of the train [6]. The structure of EMS was
shown in figure 1.
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Figure 1. The structure of EMS.

1: Vehicle 2: slider 3: slide way 4: guide and brake magnet 5: guide and brake track 6: long stator
core armature winding 7: suspension and propulsion magnet 8: T-beam

3.1.2. Advantage and disadvantage

The suspension air gap of the normal maglev is small, and it is still in suspension at low speed and
parking. And the magnetic field inside and outside the car is relatively weak, no harm to the human
body. Also, the load on the line is continuously dispersed, reduce the pressure of trails.

However, the guidance of normal maglev requires closed-loop control. At the same time, the
normal conductance electromagnet has safety redundancy, and the vehicle weight is relatively large.
Crucially, it is relatively slow.

3.2. EDS technology

3.2.1. Principle

Different from EMS operating principle, EDS adds current to the train track, resulting in
electromagnetic induction repulsion between the track and the bottom of the train. The smaller the
gap, the stronger the repulsive force, which makes the train levitate in the air. However, in the actual
running process, when the train runs at a slow speed, the lift force provided by it is no longer enough
to support the train levitating. Therefore, the train will be equipped with wheels at the bottom to
ensure safety during the start and stop stages. Low temperature superconductivity technology has
further developed EDS system. The main characteristic of superconducting maglev train is that its
superconducting elements have complete conductivity and diamagnetism. The electric suspension
system can be explained by Lenz's law [7]. According to the principle of "magnetic generation of
electricity", the movement of on-board magnets will generate time-varying magnetic field in space,
which in turn will generate induced eddy current inside the conductor, and the induced magnetic field
will be generated by the “electrogenerated magnetism” and the source magnetic field to generate
electromagnetic force. The structure of EDS was shown in figure 2.

=

Figure 2. The structure of EDS.
1. Ferromagnetic 2. Superconducting disk

3.2.2. Advantage and disadvantage

Since the superconducting magnets of the Japanese superconducting maglev system are not
redundant, in order to ensure the efficiency of the maglev train, the superconducting magnets are
required to have high reliability. The failure of superconducting magnet is a key problem affecting
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the normal and safe operation of the vehicle. After nearly ten years of research, the cause of the failure
of the system has been found, and it has been studied and confirmed under laboratory conditions, and
the possibility of the failure of the system has been fundamentally eliminated. The average fault-free
time of superconducting magnets has reached more than 100,000 hours. Superconducting magnets
provided by three companies have been used on the Yamanashi test line maglev train, and so far, no
out-of-voltage phenomenon has been found. In addition, superconducting maglev vehicles weigh less
and travel faster. At the same time, the hover guidance does not need control, has stability.

However, at low speed, the vehicle needs to be supported and guided by wheels, and the load of
the vehicle on the line is relatively concentrated, and the pressure on the line is large. Finally, its
magnetic field is relatively strong, making it unsuitable for patients who need pacemakers.

4. Technical challenges and future development

4.1. Challenge

4.1.1. Challenge 1 Emergency braking strategy and implementation

With the increase of speed, the safety braking ability of trains is also one of the core problems. For
a train traveling at 600 kilometers per hour, it is very difficult to stop it in time. Because this is
magnetic levitation, it is obviously not realistic to adopt normal friction braking. Therefore, | need to
consider the combination of eddy current braking and friction braking, and realize the joint effect of
different braking means through reasonable control strategy adjustment, so as to ensure high-speed
and accurate parking under emergency braking [8].

4.1.2. Challenge 2 High-speed vehicle-ground communication technology

The safe and efficient operation of high-speed maglev train cannot be separated from the support
of wireless communication system. Facing the 600 km/h train, the communication stability and
reliability requirements between the car and the ground become higher. High speed movement will
cause frequent switching and Doppler Effect [9]. The traction and levitation control system generally
requires the transmission delay of train position information within 5 ms, which poses a challenge to
the wireless communication system. If the vacuum pipe transmission is adopted, there will be
waveguide phenomenon in the metal closed pipe, which leads to the difficulty of wireless coverage
in the pipe. Therefore, it is necessary to carry out prospective research on vehicle-ground integrated
communication system, and form a system solution by wireless access to 5G technology under the
mode of leakage cable or leakage waveguide coverage.

4.1.3. Challenge 3 Aerodynamic noise problem

Another obvious challenge is the aerodynamic noise generated by high-speed maglev trains. Due
to its very fast running speed, huge aerodynamic noise will be generated during the train operation,
which will affect the surrounding environment. The aerodynamic noise generation mechanism of
train running on open line can be summarized as the noise generated by turbulent flow and the noise
generated by air flowing through the surface of the structure parts. Therefore, for high-speed
operation, it is necessary to optimize the shape of the high-speed maglev train head and body exterior.
In addition, it is necessary to increase the sound insulation performance of the body and tunnel
structure.

4.2. Development direction

The energy required to pull a train is determined by the interaction between the train and the
environment, and is mainly used to overcome friction and air resistance. When the train runs at high
speed under air conditions, the aerodynamic drag is the main part, which is proportional to the square
of the speed. The experimental data show that when the train speed exceeds 400 km/h, the
aerodynamic drag takes up at least 80% of the total drag [10]. Therefore, in order to reduce the energy
required to pull the train and further improve the running speed, it is very important to reduce the
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aerodynamic resistance which is dominant when the train runs at high speed. One technical solution
is to run maglev trains inside low-pressure pipes and optimize their shape. Under such conditions, the
train can reach subsonic or even supersonic speed. In July 2019, the TUM Hyperloop team created a
test speed of 463 km/h on a 1.6-km long vacuum tube test line. But the technology is still very
immature and a long way from being used. Even though the technology has great future potential, the
system is still in its early stages, so further research is necessary to address a number of technical
issues.

5. Conclusion

Maglev transportation system is a non-contact transportation technology that uses electromagnetic
force to realize levitation, guidance, and traction. Maglev trains are one of the key research and
development directions in the railway industry due to their superior high speed and environmental
potential. In this paper, the PRINCIPLES of two different modes of magLEV operation are
systematically described, the technical difficulties in their application are briefly sorted out, and the
development status and research and development activities of magLEV transportation system and
vacuum pipeline maglev transportation in the world in recent years are reviewed. Maglev
transportation has excellent high-speed potential and environmental advantages, and researchers need
to carry out further research in different aspects for the application of 600 km/h. In order to pursue
higher speed, several research institutions have combined vacuum pipeline and maglev technology to
carry out theoretical analysis and experimental exploration. For engineering applications, it is
necessary to carry out continuous and in-depth research.
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