RIS Bl E M ST HEHE 55 3E (ALCA)
B EI (BRI R = L — 8 AT L FEHLD
728 DSEHER PE 3£ H B e D B 8)
4 TREBCO =& mlHnE DB |

FZEB R AR E264E10H ~45Ff1 34 9 A

WFZE B UK a AR Al AL
(LM REF KRBT AT DG HE TR - 206%)



OMEEEN (Fu30)
WFZEBRRACTIF S UM RS A% 5hE s
WF2EBHFE R4S - REBCO 2B 5 [FHEHE O BR 7%

LAFZEBRZE D B #Y

BOE T, BB TRAELEZBR T RLX—D 5L E A2 BB LR A E) & LTl
HL TR, MEEEOBIE I L ES R, BUROE G - EERRICB T = R/ X
— BN ) LS, R CO2 B RAL -5, MRS 2 Bllsg~E A L7355
BN FAL LRI R OMEE R BT - B b & O 7V iR Bl (B ) BEA L) B FEBLC
= BRI BB EL A - 2SR SR B AR LT3 AT, A =kl EAIc LD CO2 HiIllED
HEDEDRE,

AWFZEIX, BBE OB SO0 Ll EAHETHEEMEE . ZOBEOKVEFET HIEEHK.
STV R B A A T DA HEE S AT LRI DM K08 RS R EN RIS B L,
INEEBRE AT A EIC K RIE @R/ M - R B A XD B = a2 LR R FE
ZOFEBZBRIETHOTHD,

2 M FE BT DO EL
(DNE:

AWFZETIE, £9°, FEELENEE P L. NEDO 7=/ MIBIT5 3 ¢ —66/6.9kV-2MVA
AR FEZROFAEICH I H L72 REBCO B3GR DARAS iR R b & R R A b2 (X 541
B 07 D [RIHA R[] E B T B~ i M2 RGEL 7o, 2 A Rl AR S A G T4
RS R E L COMERREIT o7, o, AV AT AL L, [EE B AR a Y
T — AR R E R TRE A LU [BIEEFSRR IS SRR E L T OEEZERNITIEA~
VD LTT Az Feim S DNV LTTAD B O AR T2 a2l dEIcEs
RREAAT o7, SHIT, SRS R R L0 IR EEPH 72 70 B2 H rTRBIZ 272012, Bk &
RO B | AR AR R & KRBT )2 5 A B % R R I SR B B 15 I W TR
U7e, $ER LT B A IS OB A BRI T o7, W R NV —T 13, K7 av=7ho 4
REHEZ L, EEL T, 2B E RO AR E DB R T O A TR OG- RGEEAT
ofc, B LB N — T IR R EOREL T o M A TR ORGSR EE T o, IR E K
TN — TR, BRMEE O REREIE DR ET S ORI 21T o7,

(2R

TER T EITIC I D H OB L RS2 LD RIERRE R O —FREOBS SIS D54 Tk
VWNTC, N S AR - BRI LR A TR B AL A2 L AICRGGEL 7=, RIS, M AIETE DT
ARG AR O ARG 2R L, BERICRIET2EL0IC, ZTOEIRICKII LT, &I, &
R R T A FIRE SRR L, — X PE M aE A AR E LT 2MW AR ETL | 203 98%3
R CELI AR U, I, BT BB IR I b E RERAF E & RS- L
EUIT B R FB AL EEEZIEE L, T OFERRAEC RS LT,

(At :

A7vyxs METHIX, NEDO 7 lZBIT L, gAYy 27 A LT
T DEKMENZEOEH A HIF L T\ 5, 2018 4EE (2 INEDO JeEMfIE 7 1 7T A )
WZERE 4L (2018 26 H—2019 45 A), 5l &fEx 2019 F£IZ INEDO MizehéH et~
TLAFERET v Y s b/ IRIMEEBHEE S 2 T ARFTEBRS/ mhER o ) EEEh e o
AT A (20194 5 H—2024 43 H) IZERIRE 7=, BIfE, MHEBRR OB EICH D,



oReport summary (English)

Principal investigator: Kyushu University Professor Masataka Iwakuma
R & D title: Development of REBCO Fully Superconducting Rotating Machine

1. Purpose of R & D

In Japan, more than half of the electrical energy generated by generators is consumed as mechanical
power by electric motors.  Enhancement of the efficiency of rotating machines by superconductivity
will improve the energy conversion efficiency in the current electric power grid. It should contribute
to a significant reduction in CO, emissions. When superconducting wires are applied to rotating
machines, it is possible to achieve not only high efficiency but also small size and light weight (high
power density) because of no iron core, high current and high magnetic field. Especially when applied
superconducting rotating machines to mobile vehicles such as automobiles, ships and aircraft, the
effect of CO; reduction by weight and energy saving is significant.

This research project focuses on electric motors, which consume more than half of the electric power
in Japan, and generators, which generate most of the electricity, as well as on mobile vehicles such as
ships, trains, and aircraft that are oriented toward compact and lightweight electric propulsion systems.
The goal of this project is to realize a low-carbon society through energy conservation by significantly
increasing efficiency and reducing size and weight by applying the fully superconducting rotating
machine to these.

2. Outline of R & D
(1) Contents:

In this project, we first verified the applicability of the original technology for low AC loss and high
current conductor of REBCO superconducting tape to armature winding as stator of a rotating machine.
The technology has been proposed and developed by the project representative, etc., and applied and
demonstrated to the prototype of 3¢-66/6.9kV-2MVA superconducting transformer in the NEDO
project. In addition, the cooling configuration was studied. In the proposed cooling system, the
armature winding is cooled by forced flow subcooled liquid nitrogen, while the rotating field winding
is placed in the sealed vessel filled with helium gas and then cooled by self-agitating gas convection
cooling. The prototype casing was fabricated and tested. Furthermore, for the application of the fully
superconducting rotating machines to wider fields, a winding structure with low AC loss, large current
capacity, and distributed winding all at once was investigated on the winding structure of the armature
winding. The principle of the proposed winding structure was experimentally verified.

(2) Achievements:

Under the condition that two kinds of magnetic fields are applied, i.e., self-rotating-magnetic-field
by the armature winding and rotating magnetic field by the rotor, the principle of the proposed low
AC loss method was successfully verified. Next, the basic structure of a fully superconducting rotating
machine including the cooling configuration was proposed, and the prototype was successfully
fabricated and operated. In addition, a procedure for calculating the efficiency of an electric motor is
presented, and a 2MW machine designed for general industrial applications is shown to have an
efficiency of 98%. Finally, an armature winding structure with low AC loss, high current capacity, and
distributed winding at the same time has been proposed and successfully verified the principle.

(3) Future developments:

After the completion of this project, we have moved to the development of the electric propulsion
aircrafts with fully superconducting rotating machines. In FY 2018, our proposal was selected for the
NEDO Leading Research Program (June 2018-May 2019), and in FY 2019, it was selected for the
“NEDO Research and Development of Advanced Aircraft Systems for Practical Application /
Research and Development of Next-generation electric propulsion system / High efficiency and high
power electric propulsion system” (May 2019-March 2022). The project is currently underway.



