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oReport summary (English)

Principal investigator: Kyoto University professor Yasuyuki Shirai
R & D title: Study of liquid hydrogen cooled MgB2 superconducting power apparatus.

1. Purpose of R & D

Project target is to make way for hydrogen & electricity hiybrid energy system with hydrogen
cooled superconducting power apparatus as an innovative energy infrastructure for low CO2
emission. Liquid hydrogen (LH,) has excellent physical properties, high latent heat and low
viscosity of liquid, as a coolant for high critical temperature superconductors. We focused on the
fundamental database of heat transfer characteristics of LH, for cooling design of super-
conducting devices. At the same time, since there is no hydrogen cooled superconducting power
device, we should take the initiative to develop elemental technologies on hydrogen cryostat,
cooling system (hydrogen supply and ventilation), safety design (leakage detection, explosion-
protection emergency system) for power apparatus. Test facilities for LH, cooling property and
for electro-magnetic property of LH» cooled superconductors must be designed and made for
fundamental knowledge for power device design. Another purpose is to demonstrate LH cooled
superconducting devices, such as SMES, superconducting rotating machine in a power system.
Accumulation of the safe operation experience of the hydrogen test facilities in this project is also
important as an evidence of safety in the design and thehandling method.

2. Outline of R & D

(1) Contents:

Phase I (superconducting section): Three teams (Kyoto univ. G, NIMS G and Mayekawa G)
cooperate and work well together in research of LH> cooling property and system, MgB, wire
fabirication and advanced power conversion system. In precise, 1; Database of heat transfer
characteristics of LH» for superconducting device design. 2; Production process of MgB, wire (IMD
and PIT) and their evaluation method of configuration, constitution for advanced critical property. 3;
Measurement of critical property of MgB, wires in LH» pool cooling under external magnetic field. 4:
Development of large capacity MgB> composite conductors. 5: Fabrication of small scale MgB2
superconducting magnet conduction cooled MgB,. 6: Demonstration of ASPCS(Advanced
Superconducting Power Conversion System) consists of SMES, fuel cell, water electrolyzer. 7: Safety
design, criteria and explosion proof for LH» superconducting devices.

Phase II (practical application PJ): Based on the results of Phase I project, Kyoto univ. G and
Mayekawa G developed LH» cooled MgB, superconducting power devices, such as rotating machine
and SMES system, respectively. In precise, 1: Design and test of LH> pool cooled superconducting
MgB, racetrack magnet for rotating machine field. 2: Design, fabrication and test of LH» cooled rotor.
(LH> supply and ventilation system of machine rotor). 3: Introduction effect of LH, cooled power
apparatus into power systems. 4: Development of MgB, twisted conductors (Rutherford cable). 5:
Design and test of MgB: pancake coils with twisted conductor for SMES system.

(2) Achievements:

1; Database of heat transfer characteristics of LH; for superconducting device design was constructed
in serve. 2; MgB, wires (IMD and PIT) were improved to practical use for power devices. 3; Large
capacity MgB, composite conductors and small scale MgB, superconducting magnet were developed
and tested in LH». 4; Small scale of ASPCS was demonstrated. 5: LH» supply and ventilation system
of machine rotor was fabricated and tested. 6: Introduction effect of LH» cooled power apparatus into
power systems was discussed. 7: Safety design, criteria and explosion proof for LH» cooled
superconducting devices were presented.

(3) Future developments:

Under the development in the design, the elemental technologies and the operating experience of
LH> cooled superconducting power devices in this project, we are now in progress stage of prototype
devices. The unique test facilities for the LH» cooled power devices developed in this project are now
in serve for practical application research.



