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Maglev Technology and Research Trends on Superconductivity

Masaru TOMITA

Railway Technical Research Institute has conducted research and development of superconducting Maglev

railways and superconductivity. In this paper, we introduce evaluation technology of the ground coils, wireless

power transfer technology and linear rail brake technology as applied Maglev technology. In addition, we

introduce outlines of our recent research such as the science of high-temperature superconductors,

superconducting feeder cables, and superconducting magnetic energy storage.
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- GERMANY UNITED STATES

The SuperlLink project is now underway to The U.S. Department Energy (DOE) selected GE
develop a prototype of a superconducting Research to receive up to $20.3 million to build
power cable for installation in Munich, and test a scaled prototype of their generator
Germany. on a wind turbine.

. JAPAN The Railway Technical Research Institute (RTRI)
conducted a disconnection test and a power-on test of
a superconducting power transmission system using
actual vehicles running on a railway that supplies power at 600 V DC. This is the
first demonstration in the world. RTRI also announced they had conducted
power-on and system disconnection tests in the commercial line’s power supply
(Chuo main Line, 1500 V DC) as part as an application test for the
commercialization of a superconducting power transmission system.

? CHINA

&
<@, | KOREA

In Korea, the KEPCO sponsored Shingal- Shanghai Electric Cable Research Institute is
Heungdeok triple-core HTS power cable project  developing a 35 kV 2.2 kA HS cable project in
is ready for commercial operation, having Shanghai.

completed commissioning tests.

EUROPE RUSSIA

The FastGrid project is developing a cost- The first 220 kV SFCL at 220/20 kV substation
effective fault current limiter using advanced in Moscow was energized in December 2019
superconducting tapes for future high voltage and successfully limited faults and continuously
direct current grids. operated normally after several events.
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Development of Inverter-less Excitation Method for a Linear Rail Brake

Yasuaki SAKAMOTO Keigo UKITA

Studies have been carried out on rail brakes applying linear induction motor technology. This brake is capable
of generating braking force without contact. In addition to the aspect of non-contact brakes, no on-board power
supply for energizing this brake is required by using dynamic braking. This dynamic braking is performed with
an excitation inverter, however another method without using one is desired in order to reduce the cost.
Therefore, an inverter-less excitation method using the self-excitation phenomenon of induction generators was

devised and tested on a track wheel testing machine. We clarified that the method devised is useful as a low-cost

excitation system.
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Wireless Power Transfer System for Railway Vehicles with Improved Power Density of Onboard Coil

Hiroshi YODA

Keigo UKITA

To enhance the flexibility of installation of wireless power transfer (WPT) system on railway vehicles, we

modified WPT to increase the power per unit opposing area of ground and onboard coil up to 150kW/m’ by

setting mechanical gap between coils at 150-mm. In this paper, we describe the design of improved WPT system

capable of collecting 150kW with a single onboard coil and the results of bench test using a reduced model to

verify the system.
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Evaluation of Vibration Resistance of Levitation and Guidance Ground Coils

by Electromagnetic Excitation Tests Using a Superconducting Magnet

Ryohei IKEDA

Katsutoshi MIZUNO

Minoru TANAKA

During superconducting Maglev vehicles running, ground coils vibrate due to the reaction force of levitation

force and guidance force. In electromagnetic excitation tests, a ground coil is vibrated under the strong magnetic

field of a superconducting magnet. In this paper, we describe an examination of test conditions based on

numerical analysis, a processing method for energizing only an unit coil to be evaluated, and the electromagnetic

excitation test results of the levitation and guidance coil. We have evaluated the vibration resistance of levitation

and guidance ground coils by electromagnetic excitation tests.
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Evaluation of Electrical Characteristics of Superconducting Feeder Cables

Yusuke FUKUMOTO

Tomoyuki AKASAKA

Yuuki ARAI Masaru TOMITA

DC electric railway systems are widely used in Japan. However, they have some problems, such as voltage

drops, limited use of regenerative brakes and energy transmission losses. We have been developing

superconducting feeder cables for DC feeder systems as a next-generation railway system without transmission

losses solving these problems. In order to apply this to railway systems, it is necessary to develop the method of

connecting a superconducting feeder cable to a feeder circuit, and to meet the required specifications from

railway systems. In this paper, we introduce R&D for the application of superconducting feeder systems to

commercial lines.
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Cooling Methods of Superconducting Feeder Cables

Yusuke KOBAYASHI

Atsushi ISHIHARA
Yusuke FUKUMOTO

Kenji SUZUKI
Masaru TOMITA

When superconducting cables are installed in feeder cables, it is expected to improve regenerative efficiency,

reduce power loss, level the load between substations and consolidate substations by suppressing voltage drops.

On the other hand, it is needed to cool superconducting cables by a refrigerant such as liquid nitrogen for

keeping a superconducting state. In this paper, the design concept of superconducting cables and cooling systems

which constitute superconducting feeder systems is introduced, and the efficient circulation method of

refrigerants is discussed. Also, the result of cooling tests performed after constructing a cooling system is

reported.
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Development of Superconducting Coils Using MgB, Wires

Taiki ONJI

Yusuke KOBAYASHI

Masaru TOMITA

To realize carbon neutrality, we are developing energy storage technology. In the railway field,

superconducting magnetic energy storage (SMES) has an advantage assuming a unique power load that

frequently changes by train powering and braking. So, we have been developing superconducting coils for

SMES using MgB, superconducting wire which has low cooling cost and manufacturing cost. It has been

reported that MgB, superconducting wire is sensitive to bending strain and MgB, wire deteriorates under certain

bending strain. Therefore, we evaluated superconducting characteristics of superconducting stranded conductors.

Also, the deterioration due to the dent was investigated. As a result, it was clarified that not only bending strain

but also dents due to compression lead to deterioration of superconducting characteristics.
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Fabrication and Characterization of High-temperature Superconducting Materials with High Magnetic Field
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Since superconducting bulk material is compact and can generate a strong magnetic field, it is expected to be

applied to various devices as a magnetic field generation source. High magnetic field strength, magnetic field

uniformity, and magnetic field stability are required so as to apply superconducting bulk material to magnets. In

order to realize these high characteristics, we fabricated and evaluated MgB, and RE-based superconducting

bulk material.
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