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Outline of Research 
 

Our research activities can be divided into 
the following 3 categories from the 
comprehensive viewpoints of materials, 
apparatus and systems for the efficient and 
environment-friendly electric energy system: 
 
(1) Superconducting power application 

We have been developing superconducting 
fault current limiting transformer (SFCLT) with 
the functions of both superconducting 
transformer in normal operating condition and 
superconducting fault current limiter in fault 
condition. As the Step-5 of SFCLT project, we 
designed and fabricated 2 MVA class SFCLT 
using YBCO coated conductors with the ratings 
of 3-phase and 22 kV/6.6 kV. The developed 
SFCLT is characterized by a hybrid structure of 
superconducting coils using YBCO, YBCO/Cu 
and Bi2223 tapes for the design flexibility as 
both of the superconducting transformer and 
the superconducting fault current limiter. 
Fundamental tests of the developed SFCLT 
verified the excellent performance as both a 
superconducting transformer and a 
superconducting fault current limiter. 

We have also been investigating electrical 
insulation technologies of superconducting 
power transmission cables and superconducting 
magnetic energy storage (SMES) system for the 
reliable and rational insulation design under 
severe and practical operational conditions. 

 
(2) Condition monitoring and diagnosis 

A metallic particle is one of the critical 
defects in SF6 gas insulated switchgears (GIS) 
and their condition monitoring and diagnosis is 
expected. Using our partial discharge (PD) 
measurement system developed with a 
high-speed PD current pulse detection 
technique, the differences in PD behavior for 
different defect types have been investigated. 
Moreover, the correspondence between PD 
current pulses and UHF electromagnetic waves 
emitted from PD was studied to clarify how to 
interpret the measured data by the UHF 
method. 

We have also proposed “Intelligent Grid 
Management System (IGMS)” as a tool to 
maintain the balance between cost efficiency 
and quality of power supply. Through the 
IGMS concept, we could find the most 
economically feasible maintenance strategies of 
power apparatus and suitable power flow routes 
in a transmission and distribution electric 
network. 
 
(3) Advanced insulating materials 

For the development of environmentally 
benign vehicles, PD inception and breakdown 
(BD) lifetime characteristics of magnet wires 
have been discussed for inverter-fed motors 
under repetitive surge voltage application. We 
also clarified that the nanocomposite enameled 
wires exhibited the longer BD lifetime, which 
was about 1000 times of conventional 
enameled wires. The physical mechanisms of 
PD inception and propagation leading to BD 
were discussed in terms of charge behavior and 
theoretical analysis. 

A novel technique was developed to 
fabricate functionally graded material (FGM) 
and nanocomposite material for the higher 
electrical insulation performance with the 
longer lifetime of power apparatus. The 
developed new materials will contribute to the 
compactness and simplification of insulating 
materials under the optimum electric field. 
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