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oReport summary (English)

Principal investigator: Kyoto University, Program-specific professor,

Taketsune Nakamura
R & D title: Study of superconducting rotating machine system for transportation
equipment that supports a low-carbon society

1. Purpose of R & D

In this project, based on the high-temperature superconducting induction synchronous motor from
Kyoto University, we carry out R&D aiming at the realization of low-carbon emission transportation
equipment. Although the motor has a simple and inexpensive structure of a squirrel-cage induction
machine, It has notable characteristics, e.g., high efficiency synchronous steady-state characteristics,
high torque (output) density characteristics, robustness against overload (possibility of setting short-
time rating), and rapid acceleration / deceleration stability (autonomous stability), etc. Therefore, the
first purpose is to establish a design / manufacturing technology that maximizes the above
characteristics. On the other hand, since superconducting motors can only be operated in cryogenic
temperature environments, it is meaningless to develop a motor alone. Therefore, we also carry out
research and development on the inverter that drives the motor, the cooling structure, the load
characteristics, and the refrigerator characteristics. Finally, we clarify the advantage of low-carbon
emission high-temperature superconducting rotating machine systems through system studies that
combine the above components, and establish fundamental technologies that contribute to green
innovation centered on transportation equipment.

2. Outline of R & D

(1) Contents:

In this project, in order to realize a superconducting rotating machine system for transportation
equipment, the following research topics were studied: (a) R&D of high-temperature superconducting
induction synchronous machine, (b) development of rotating machine control technology, (¢) R&D of
small and low heat intrusion cooling structure and (d) R&D of refrigerators. After the practical
technology project, in addition to the above, (¢) R&D of optimal system control technology was added,
and a system study that enables model-based design was carried out.

(2) Achievements:

Rotation and cooling tests were conducted on 20 kW class and 50 kW class motors (stator: copper
winding, rotor: BSCCO), and for example, the effectiveness of the shaft seal structure and excellent
rotational characteristics were clarified. For example, high efficiency characteristics, overload
characteristics, sudden start characteristics, variable speed control characteristics, etc. were clarified
not only by experiments but also by theoretical analysis, and design and analysis techniques for
practical use were almost established. We also developed a 50 kW class fully superconducting motor
that applies a BSCCO superconducting stator winding with a toroidal structure, and succeeded in the
world's first load test and variable speed control under light load. Furthermore, we proceeded with the
development of REBCO stator windings, and were able to make prospects for increasing current
capacity and reducing AC loss. On the other hand, we were able to proceed with the study of the
cooling structure and refrigerator through experiments and analysis. Finally, in order to realize the
model-based design, we completed a multi-physics analysis program that combines inverter
characteristics, nonlinear voltage equations, equation of motion, thermal equivalent circuits, and
refrigerator characteristics. , We succeeded in finding the possibility of power consumption rate of 10
km / kWh or more including the power consumption of the refrigerator.

(3) Future developments:

Based on this result, we will carry out practical research and development of high-temperature
superconducting rotating machine systems, focusing on transportation equipment and related
technologies. In other words, while aiming for practical use by enlarging the joint research conducted
by Kyoto University, we will actively apply for large-scale national projects as needed. The Open
Innovation Organization at Kyoto University participates in the promotion of this research and
development, and is in charge of project planning and intellectual property strategy.



