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power generator
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https://www.aero.jaxa.jp/eng/research/frontier/feather/

NASA, N3-X

https://www1.grc.nasa.gov/aeronautics/eap/airpla
ne-concepts/n3x/

Airbus, ZEROe (BWB)

https://www.airbus.com/en/innovation/energy-transition/hydrogen/zeroe
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500 kW SC motor SC motor with HTS stacks  Fully SC motor Flux modulation motor Partial SC motor
ASCEND, Airbus UpNext ASuUMED, EU ZEST1, U. Strathclyde  RESUM, FROST, Safran NASA
https://www.airbus.com/en/newsroo  F. Grilli et al. J. Phys: Conf. Series M. Zhang et al. presented R. Dorget et al. presented J. Scheidler et al. Conf.
m/stories/2023-12-ascending-to- 1590 (2020) 012051 in MT 28 EFATS 2023 Series 1302 (2024)

new-heights-with-cryogenic- 012020,

superconductivity

3 MW SC motor using flux pump

) Partial SC motor. Flight verification
AETP, Robinson Research Inst.

Chinese Academy of Sci.

2 MW partial SC motor
Toshiba

https://www.toshiba-

400 kW Fully SC motor
NEDO, Kyushu U.

H. Miyazaki et al. IEEE TAS 34
(2024) 5200506

J. Zheng et al. SuST 37 (2024) 07LT02

J. Storey et al. presented in MT 28
clip.com/en/detail/p=3534

Others (after 2018)

J. Voccio et al: J. Phys. 1590 (2020) 012053

G. Nam et al: IEEE TAS 31 (2021) 5202307

Y. Terao et al : J. Phys. 1857 (2021) 012017

C. Manolopoulos et al: IEEE TAS 28 (2018)
5207005

S. Saeidabadi: AIAA-AFA (2024) 4091

S. Kalsi et al : AIAA-AFA (2024) 4096

M. Komiya et al: IEEE TAS 29 (2019) 5204306
A. Colle et al: J. Phys. 1590 (2020) 012052

R. Mellerud et al : IEEE TAS 33 (2023) 5204013
R. Sugouchi et al : IEEE TAS 30 (2020) 3601905
D. Dezhin et al: IEEE TAS 32 (2022) 3601105
F. Weng et al: SuST 33 (2020) 104002

S. Kalsi et al: IEEE TAS 31 (2021) 5206807

N. lvanov et al: IEEE TAS 33 (2023) 5200105
M. Corduan et al: IEEE TAS 30 (2020) 5200810
G. Lumsden et al: SuST 36 (2023) 105014

P. Alvarez et al: IEEE Access 11 (2023) 144325
R. Wang et al: SuST 36 (2023) 054003

D. Liu et al: IEEE TAS 34 (2024) 5202606

S. Saeidabadi : IEEE TAS 33 (2024) 5203107
C. Manolopoulos et al: IEEE TAS 30 (2020)
5207407

P. Alvarez et al: IEEE Access 12 (2024) 54182
H. Sasa et al: IEEE TAS 31 (2021) 5200706

J. Sheidler et al: IEEE TAS 33 (2023) 5202405
Y. Terao et al : AIAA/IEEE (2020)

Y. Wang et al : IEEE (CIEEC) (2024)

R. Dorget et al: J. Phys. 1975 (2021) 012033

T. Tymosch et al: IEEE TAS 31 (2021) 5200205
Y. Terao et al : Physica C 617 (2024) 1354399
H. Cho et al: IEEE TAS 32 (2022) 5202505

X. Zhou et al Physica C 605 (2023) 1354207

R. Mellerud et al: IEEE (ICEM) 31 (2021) 5

and more...
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https://mediaassets.airbus.com/medias/domain38/media102150/645093-
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500 kW SC motor
ASCEND, Airbus UpNext



https.//www.global.toshiba/jp/news/energy/
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A. Kawagoe et al., IEEE TAS, 35, (2024) 6400205
S. Miura et al., SuST 36, (2023) 065007
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Lightning impulse test:
Realized the dielectric

1000

: strength regulated for the JP
- . o i o ] 500 - : 1 standards (JIS).
iR + SAIAF|E(R + T4 | We have investigated the stabilities via = |
— ILEAREEZEANRT L superconducting transformers. » Excess fault current test:
M. Iwakuma et al.: IEEE TAS 25, 5500206 (2015), ¢ Performed good current
Physica C 469 (2009) 1726, IEEE 21 (2011) 1405 ) limiting function.
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- (@400 Hz, 77K
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Motor structure

Rotor, Field windings 1w,
Need Low windage loss — Gas He [~65 K Stator room,
L "/ subcooled LN, ~65 K
Slip ring and brush
m N [—— ]
= | | |
[ GHe

RN Current lead — <

Rotor shaft | L] Rotor room,
7 Gas He 60-65 K

Ferrofluidic seal

Thermal insulation layer

Stator, Armature windings

Armature windings generate large AC loss — Subcooled LN, and multifilament
Need Low voltage (= High current) — Transposed multi-strand parallel conductor

One of the project goals: To manufacture this casing structure operating in hundreds kW-class and thousands rpm.



Type

Superconducting wire

Output power
Iron loss

Eddy current loss in_inner casin
Yy of armature (CFRP) g

Eddy current loss in tube
coxering field (%FRP)

Number of poles
Rotational speed
Armature frequency
Rated voltage
Rated current
Field current
Magnetic field at gap
Efficiency

FULLY SUPERCONDUCTING
SYNCHRONOUS MOTOR

4 mm-width REBCO tape

433 kW
2.1 kW

1.49 kW

4.29 X102 kW

2
2500 rpm
41.7 Hz
450 Vs
576 A s
110 A
069T
98.7%

Armature windings

Number of turns
Number of parallel conductors
Load factor at 64 K
AC loss at 64 K

30 turns/caoil
6
69.7%
2.75 kW

Field windings

Number of turns
Number of parallel conductors
Load factor at 64 K
AC loss at 64 K

2247 turns
1
87.7%
0.13 kW

(400 kW motor

#
1
2
3
4
5
6
7
8
9

e

- Outer diameter of
outermost casing = 672 mm
! Effective length = 560 mm

Magnetic
field [T]

/ w25
-

PARTS Material

Frame for field GFRP
Field winding REBCO tape

Tube covering field CFRP

Inner casing for armature CFRP
Armature winding REBCO tape

Frame for armature GFRP

Back yoke Permendur
Outermost casing CFRP

Thermal insulator

 NEDO 2019-2023)

Field winding

Radial thickness [mm]

10
5.3-21.0
30
10

Foamed resin

Back yoke



Fabrication of rotor

» The field coil was wound using a cos-theta-like racetrack distribution

» Separate lower and upper part
« Both parts were tested in LN,

| 1.6-06 _
\ 0 eper :
‘ O Lower
E n?
<
o 1.E-07 | 59
= B
E P
g Vupper = 5.4%x10"%5x 233
Vlower = 3.0)(1()_41)(]20.4
1.E-08 ..
10 100

Current (A)
Measured V-1 curves at 77K Both windings were integrated and

Upper winding assembled Rotor



 The 400kW-class motor was tested as a synchronous generator.
« A conventional normal-conducting motor was connected.
 The 400kW-class motor was tested with no load and 3-phase short-circuits.

400kW-class superconducting motor
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400 KWEBEEE—IDHEE

1
: Outer diameter of

1 -

- outermost casing = 672 mm
! Effective length = 560 mm

Magnetic
field [T]

2MWEBIZEE—2DEE
Saddle-shaped

field windings

Amature windings .

v R EETASEIL RS EE TR
v BHETILTEEE

Armature windings

Fig. 5. Calculated magpetic fields in the field and armature windings.

H. Miyazaki et al.: IEEE TAS accepted
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Port
—&— CS Current (per turn)  =—TF Current (per turn) structure

Plasma

volume ¢ .
Inner intercoil

structure

100 100 000 TG B
_ Cs N, Outer intercoil
é 80 [ S PR — \;_\ L; - structure
2 60 -~ 2R
o P B N 2>
::j 40 7 Blankets 1‘/*’
’/ s B
8= TF coil A
0@ 0 coi 7
0 10 20 30 40 PF coil & > ; 7
Time (s)
Gravity
Fig. 3. Current waves in the TF and CS. Divertor support
Vessel Supercond. Sci. Technol. 34 (2021) 103001

fited in DEMO.

Cut-away view of configuration model (low detail, feeders not shown, left); TF coil 22.5°

s X Cooling
(b) Six strands of Roebel cable channel

(1). CORC cable (2). Roebel cable (3). Rutherford cable
Soslot TSTC

Abamenum @ Copper foomer
Spocer W REBCO sancks
REBCO mpw Dot
Stacks S REBCO Stachs ‘
sl Jacket
6 Croms-sextion
Cable

(4). TSTC cable (5). Non-twisted cable  (6). Star-link cable

(b). REBCO cabling technology
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Supercond. Sci. Technol. 38 (2025) 033001 (21pp)
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Figure 10. Applicable conditions for Je > 10* A cm~2 for various

superconducting tapes and wires. J. Shimoyama 27 044002 (2014)
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