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Table 1. Bulk superconductor supecifications

Current Density Max. Magnetic Flux Density

Bulk in Bulk in Bulk
A 6.3X 107 A/’ 2.0 T
B 7.7X 107 A/’ 2.5 1T
C 9.5X 107 A/m’ 3.0 T

Table 2. Motor dimensions

Number of poles 12
Rotation speed 1900 rpm
Motor diameter 1000 mm
Rotor diameter 784 mm
Effective length 1530 mm
Thickness of PM & bulks 30 mm
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Fig. 2 Motor output as a function of armature current phase.
140

u Copper Loss
120 | Hysteresis Loss
% Eddy Current Loss

—
=3
S

*®
<

=)
<

Losses (kW)

__

A

[
<

0

PM Bulk A Bulk B Bulk C
Fig. 3 Motor losses of four IPMSMs.

D A5 MR U P BE N O 52 B LD 8RB (RFICTRAEDRHE ) 23
PHETHD,
4. FLHESHEDRE
AFEFHDIPMSMIZ B L THI T | A28 55 O FERE R P D AT
EAT 2Tz, 7NV IR IR O A5 W58 B I 22 W B i 2 b
FLLRTHIETHERIPMSMED S @ 1B LT 5280
WRETH D, S hITM ARG - HREICHLHEE TETHD,
B
ARFIEO—FBILFERI0F LR B Fohoe GREE 5
18K13737) D 3c4R 45 TIT 2oLz,
SE Xk
1. Y. Terao, et al.:
(2018) p.154
2. W. Akada, et al.: Abstracts of CSJ Conference, Vol.96
(2018) p.136

Abstracts of CSJ Conference, Vol.96

97 20184F BEAK K T2

RS



3C-a02

A - S

REBCO it Z AL -2 BInER M BIHDFIEICRITT
ERTFERBEDTEE

Effect of Armature Winding Structure on The Properties of

Fully Superconducting Synchronous Motors using REBCO Tapes

SHOEA, TRE FnEL )R BISRGEIR SRS ARE R U RS,
A0 FEAT, B FE(E LB FiR HESISTEC)
Yuki Higashi, Kazuma kudo, Akifumi Kawagoe (Kagoshima University); Masataka Iwakuma (Kyushu University);
Masayuki Konno, Akira Tomioka (Fuji Electric Co.,Ltd.); Teruo Izumi (AIST)
E-mail: k6998039@kadai.jp

1. [ZC®HIZ

BIFE, BT R B IO BB L L= 2B R )
MBI OBREN THhITWD[1], R, BHEFEBRORK
TR, BERE G 1> TE DI LT 50N
HHETHD[2], F—MIIIT, BHEURED SV E RIS
FET DL, BEWE M LICIXESThHD, FDT-
DITIL, BT EBBOBIRIZ, L —ANv I Ba L L0,
oA LD NE W, £Z T4 AL, EuBCO #i4 % v iz
500kW R EHBEE RN EEICOWT, BT S
DB B EFE I AT T 5 B B AT IC > TR L 72,
TEHRIEEE 1T 65K LU CHRMTL 7=,

2. FRITETIVEMBIEHY

Fig. 1 |24 [EMEH LT EHE T8 L E YT 90°ffAT-E
TND /4 FARX%R T, BEIEET UL 4 gL L7, fif
W&t Tid, Bl EBHaA ey T 300, 60°, 90°DE
TNEERKL, [M#s85% 1800rpm &L7-, F72, Xy 7Bk
B Be& 1.0[T]. 1.5[T] . 2.0[T] . 2.5[T]® 4 {&AE iM%
1ToT, TRTOEMFITBNT, AR S00kW L7anb k5
BRI NI TE LT, RBROMATIX,
9L IMAG & W THESRFRAT AT, IRIC, S ESEO ALK
L=V D wix Brandt DR A HWTRD . Z01%, K5
RO wi KT T 52812k R T,

3. FRMTHER

B T B ALE YT 907 | [EHRH 1800rpm (233N T,
% Bg \CRBITBL—ANT v I I BRI B BT E I
FINES IS fie KRR RIS o5 B OO fEAT s 3% Fig. 2 lORT, £
7-[E#E%L 1800rpm. Be=1.0[TIZHB VT, Faf A vFITE
DL —ANT I - BT T B TR AT AR IR RO
fEMTHRE T % Fig. 3 1R T, B ICEDH T, B BREL —2
Ny BRI IC T AZ LI Lo T, BT BB O IE
IR EEICHINS DR WD U, BB CRAE
T AR EMEH SN TVBEIERSND, I YT
90° D¥ETEEM T BT Ly FITH < RIFIC
RFARRARI O R RIAEND,

4. BRIV OBERERAE

oA L OEBMEFID DD | BIEEREIT-T-,
F3 LY 104[A]D YBCO k4% FAVT, BRI 80[mm].,
ANV UREROD AR 35[mm]DL—ANT v fEaA NV E 5.5
A= BRL BERERINE LT o1, £D%, L—ARNTv
FEaA LD EEE [ E L2 N D a AV ERIL | R4
IS SRR EZ LTz, fER, L — ARGy I oA
BN OESERE IR T 58, EHHHHT 80[A]L72Y,
LT RbNeo o7, LIZA> T L—ANT w7 oA v
BB A N EE RS DB A2 S LITAEL T, BRSVE
AR OZEN KT,

— 175 —

5 F&®H

500k Wk HEBARE BB OX G ATV T8 k&
DFBEF ], BT B EL —ANT Y I TENDREIEIC T
DT ETRIEHBRITEI L 72, 2k, B BHRICEIINS
ADREERESR OWAZIY | ALY Y OB KIME T LI
7o ThD, o, BT BBRO LA L D88 B O HIIK
ELEEND, L EDOZENE | BB B BB O HIX
BRI O—21272055EE 2 65,

Yoke \/ ~Armature
- winding
o D
Field B %Vacuum

winding heat-insulating

Fig. 1 1/4 FEM Analysis model of armature winding coil
pitch 90°

E2s m90°(Saddle type)
#90°(Racetrack type)

2

1.5 |Reductionrate

=
E
=
%
&
zi 1 _43_5%1
Eos g
il |
S 0
1.0[T] 1.5[T] 2.0[T] 2.5[T]

Fig. 2 The maximum experiential magnetic flux density
applied to armature winding in each gap magnetic flux

By =1.01] m Saddle type

Racetrack type

winding pitch 30°
Fig. 3 The AC Loss in each coil pitch

winding pitch 60° winding pitch 90°

SE 3

1. K. Tamura, et al.: IEEE Trans. Appl. Supercond., Vol. 26,
No. 4 (2016) 5206905

2. Y. Higashi, et al.: Abstract of CSJ Conference., Vol. 94,
(2017) p. 126

97l 20184 FEAK TR 127 - WAEYA R



3C-a03 WA - TS

B LOROE L=V T NERSRE - RENERA B DY
RSUT LRI A E O BB 5

Fundamental examination of the magnetic levitation type seismic isolation device combined
magnetic attractive and repulsive force with the pinning force of HTS bulk

ez KB ONF T2 m P E2AR)
SASAKI Shuhei (National Institute of Technology, Hachinohe College)
E-mail: sasakis—e@hachinohe—ct.ac.jp

1. [ZLIz
HERE R R T B, BEEEE AV RRTE
RS IERORBAED TE 7, TRETOREYE L
T, WG %a kT 5 2 ORRE L OWER KD &
nNTW5, 2T, KIFFETIE, MEE L7 KO =
V7N (e H) L AAREE R & B W%B] - K5 % [ _—
HECRIA L7 A ORRIE LA R ERIC L DI L, &5 wisiu |4
VBERIINE 2 9 B R R T R 1 0 JERE = «é
PRI DWW TR L T2, \Z @54 x 5y Gy

x
(a) Alternatefi2®  (b) HalbachEc5! /

/

E
)

PMO 7

2. WIS EHER o | .
AT AR O K& AR ORIk ET 5o Fig. 1 Magnetic leV1tat10n force experimental apparatus

Mo TND, TIT, BAUEIL A OTLIRFHB D202, Table 1 Specifications of permanent magnet and HTS bulk

KARER L — L OFEMELS % N K S Fiss HACE S L 7= — —
Alternate FCFIEREHRZ HREBICE R SES Halbach Flsl% Z\j;(/%gﬂ(a\wﬁl/loo}r ;iﬁ”;%”“gﬁgﬂ%f”
AL, $£72, % EX vy T RHERL > OBRF E RS _—
P, T OB L2 RO 1 N0 kAR A LA — /v (72 ) @-Halbach Fc3)
B — VBB 7 T B Aok AR 2R, AR AES 100 x 10 x 10 mm__ (SAHS1)
AL O BTSRRI B2 LA, AV LKAREA (7 LD @
WA EJIEBROETT V% Fig. 112, 0% Table 1 12K RES | 40 x 20 x ¢1 mm
T, BBV IRITHR LK AR L — O Je—E M S L7 R(GdBCO)
THEZAICEESYE, MRERICIo THEILE, BEIE, rEs $34 x (5 mm
2 AT — U OEMIRI U CRET D AR L el T7+
— A=V THIE LT, 7ok, BEE NV IIREKARAL Z 504 iil‘ggfﬁss,ﬁ',‘,? —
—VEOF ¥ 71 5 mm BEL 10 mm L7, . | ® Alt gaplomm aaa
o 40 | Hal. gaplOmm A A A, R
3. WRRLENHIERER E RAPEE LTI
Xy P I KT BHR I L FHER R% Fig. 2 101 g 30 r s, e
F, Fig. 2 XY, Fvv~7 5 mm 233\ ClE Halbach Hl 510> )7 ki i o ¢
A% Alternate B8 LB RENEOD, ¥y 7 10 mm T =208 g2atf22%e,
MR TS, 2, Alternate BCAITK ARG L — L0 ° 10 I o Jet 2
SEEN AL B WO TO AR ORI SN L2 EkRL S U ean j
TWb, DFY, BRE LoISAMia kit 5 LT b § Y
T TR ERGAITE, 2 b9, REWKABAZE 0 5 10 15
TR CELAI S DT EDN b%ﬁﬁf%ék%x%ﬂé Displacement z [mm]

KRG TR LD 5|« B F1 % FI I LI B R% B Rtk
A5 R% Fig. 3 1O/RT, Fig. 3 &Y, ¥ LEBICHTT- IR AR %

Fig. 2 Magnetic levitation force as a function of levitation gap

AL LIS T, R A ZMOHIENTE, BT L = 50 & Ao gapiomm s

F&m ESEHZ LTI, — T, Alternate B2k = . gt omm

IR DB N T35, % BRI KABAL —MiC "= 40 || A_Hal gap1omm i

FIEHFELNTLED, BELEX vy CHRE L1528 2 A

W&z, DED, BEE V2K y FFHROE TS = 30 e 1

KABATF L OWB NEDSISVDTEEE Z DI, 7 b g *t L iaa.

OB DRESENESLT S, bLITF vy T 2R EL £ 20 S At Lpzgesiad

THRELCRIET LA RRSEHILIEEND, S ol . taian h teag
D ®a ot B

4 FED o [adt

BTG (RO ETE N LK ARATA L O 5 - [ ) = 07 S o s

AL G DEDI LI IS TSR L&) LS5 k7b§

EOM, L REMARRD PR H D120, A LI

WO 5% R 2 e RS TETHAZE DA 71:——0 Fig. 3 Magnetic levitation force with/without attractive force
between permanent magnets

Displacement z [mm]

— 176 — 97l 20184 FERKFRIR T2 - BHEA R



3C-a04

WA - TS

Development of Prototype Superconducting Diode Element
Using REBCO Films with Asymmetric Critical Current

TSUCHIYA Yuji, SUZUKI Keisuke, ICHINO Yusuke, YOSHIDA Yutaka (Nagoya Univ.)
E-mail: tsuchiya@nuee.nagoya-u.ac.jp

1. Introduction

A superconducting diode with an asymmetric critical current
has been proposed as a novel rectifying element operating at
cryogenic conditions [1]. It has an opposite /- characteristic to
the conventional semiconductor diode and is expected to be used
for the application such as AC-DC conversion, fault current
limiter, and superconducting electronics. However, little has
been reported on rectifying properties in high-temperature
superconducting REBa;Cu3Oy (RE: rare earth, REBCO) films,
so further research is needed [2].

Recently, we reported that BaHfO3; (BHO)-doped SmBCO
film showed asymmetric critical current characteristics in an in-
plane magnetic field [3]. The asymmetricity becomes maximum
at external magnetic field of 0.2-0.3 T. However, an external
magnetic field generated by superconducting magnet is needed
to obtain the asymmetric /.. For applications, it is necessary to
develop superconducting diode elements which operates
without external magnetic field. In this study, we have
developed a prototype of superconducting diode element made
of the REBCO films which operates in liquid nitrogen without
an external field.

2. Experimental method

Prototype superconducting diode element consists of the
REBCO film, Cu leads, neodymium magnets, and a polyacetal
holder as shown in Fig. 1. BaHfOs-doped SmBa>CusOy films
were fabricated on LaAlOj; substrates with thicknesses of 1200
nm using a pulsed lase deposition method. The film was
processed into micro bridges with a width of 100 um and a
length of 1 mm. A Ag protection layer of 400 nm was deposited
on the REBCO film. The film was pressed onto the polyacetal
holder via two Cu leads with In foils. An in-plane field of 0.4 T
was applied to the REBCO film using two neodymium
permanent magnets assembled in the element, which was
designed based on the analytical charge model.

The developed element was cooled in liquid nitrogen without
any external field. Output voltage was measured by using a
nanovoltmeter (Keithley 2182A) with applying a sine wave
alternating current by using a bipolar precision power amplifier
and a function generator (NF 4505, WF1973) up to 2 A with a
frequency up to 1 Hz.

3. Results and discussion

The REBCO film had /c of 0.6 A at 77 K and at an in-plane
field of 0.4 T, which corresponds to J. of 0.5 MA/cm?. Fig. 2
shows time dependence of output voltage and normalized
current for the diode element at the liquid nitrogen temperature
with amplitude of AC current from 0.7-1.5 A with a frequency
of 0.12 Hz. The amplitude of the output voltage was larger for
the positive side while the amplitude of the applied current was
symmetric such as 6.3 mV and -5.4 mV for the current of 1.5 A.
It indicates that /c in the superconducting diode was small for
the positive direction where the in-plane vortex penetrated into
the REBCO film form the bottom side.

The output voltages were time-averaged to calculate DC
voltage. The inset of Fig. 2 shows averaged DC voltage with
varying the amplitude of the applied AC current. DC sub-
millivolt output such as 0.3 mV was obtained for the alternating
current exceeded the L. Finally, the prototype element of the
superconducting diode showed the rectification characteristic
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without an external field at liquid nitrogen temperatures.
Improvement of rectification characteristics and current
capacity are future tasks.

On site, we will discuss the causes of asymmetry towards
superconducting diodes that show more efficient rectifying
characteristics.

iMacetal

holder

DN magnet

-

Fig. 1 Photograph of a superconducting diode made consisting
a REBCO films, Nd magnets, Cu current lead, and a polyacetal
holder.
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Fig. 2 Time dependence of output voltage and normalized
applied current up to 1.5 A at a frequency of 0.12 Hz in the
superconducting diode element at liquid nitrogen temperature.
The inset shows averaged DC voltage with varying the
amplitude of the applied AC current.
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Table 1. Specifications of Wireless Power Transmission model system.

HTS coil (Analysis) (EC;p‘;‘r’i‘rlnEfn]t)

Receiving power P [kW] 38.7
Mechanical gap length [mm] 75
Load resistor R [Q] 72
Resonance frequency f; [kHz] 43 10.8
Circuit topology SS SP
HTS layer [um] 2 -
Tape width [mm] 5
n value 30
Kim parameter By [T] 0.5 -
Coil shape Single pancake coil | Figure-of-eight
Coil inner diameter [mm] 700 -
Coupling coefficient 0.3 0.21

Size [m?] 0.8x0.8 13.2X0.8
Primary coil Number of Turns N, 20 1

Self-inductance L, [pH] 880 59
Primary capacitor C; [uF] 1.53 4.4

. 5 1.2X0.8

Secondary Size [m’] 0808 (3 coils)
coil Number of Turns N> 20 4

Self-inductance L, [pH] 880 61 (1 coil)
Secondary capacitor C, [uF] 1.53 4.2

Je=1.5X 101 Je=1.1X 101! Je=3.0X 1010 Jec=1.1X 101!
[A/m?] [A/m?] [A/m?] [A/m?]

pe 0
: -
70 .
- \ \ |
.60 \ - \
250 3333 \
240 .
30 §§ %Z
N N
20 \
\ -\

40K 50K 77K 7K Cu coil
HTS coil 4.3 kHz (Analysis) 10.8 kHz
Transmission efficiency O Transmission efficiency with cryocooler | (Experiment)

Fig.1 The Efficiency of the wireless power transmission system
as a function of the resonance frequency.
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Fig.2 REBCO magnet for the electromagnetic vibration tests
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Fig.1 Structures of MgB, conductors

Table 1 Specification of MgB, Coil

DP1 DP2
Winding method W&R R&W
Inner Diameter 400 mm
Outer Diameter 606 mm
Number of turn 72 [ 110
Rated Current 600 A
Stored Energy 4.3 kJ
700 07
I-coil [A]
600 -==-Bcenter [T] 0.6
500 05
: =\ "%
— 400 ~ 0.4 -}
= J-f \ K]
@ S
£ 300 e ok 03 %
o >~ \ c
200 Ve N 102 o
L \ =
100 {___,"' / “\t 0.1
0 =1 0

13:00 13:30 14:00 14:30 15:00 15:30
2017/9/27

Fig. 2 Result of Excitation of MgB, Coil
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Diagnosing method of abnormal conditions produced in the HTS windings under operation —The
effect of the positions of a pick—up coil—-
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Fig. 1 Sample set up
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1. K. Hosoda, et al.: Abstract of CSJ Conference, Vol.
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2. A. Kawagoe, et al.: Abstract of CSJ Conference, Vol.
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Numerical simulation on electromagnetic force and stress in HTS tape in coil winding
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Table I  Specifications of REBCO model coil.

Inner diameter (mm) 50
Outer diameter (mm) 129
height (mm) 110
Turns / Single pancake 240
Number of single pancakes 22
Transport current (A) 245
Magnetic field at center (T) 11.5
0.8
c 0.6
E 0.4
g 0.2
;‘5:0 -0.2
—
08
0 50 100 150 200 250 300

Current (A)

Fig. 1 Numerical results of screening current-induced field at center.
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Fig.2 Cross-sectional view of current distributions in HTS winding.
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Fig. 3 Cross-sectional view of electromagnetic force distributions in
HTS winding.
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Experimental study using short pieces of coated conductor on protection of quench induced by

local degradation
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Fig. 1 Sample layout
200 150

e lslelay I T T T 1
::<—> Time constant of
SE\ i | current decrease 1 s - 100 2
100 A X 5
% ~— Voltage between VT1-VT10| 350 5
> H Current
Quench detection at 100 mV/|
0 | T N

L1 0
01 2 3 4 5 6 7 8 910

Time (s)
Fig. 2 An example of experiment results

Table 1. Quench induced by local degradation

I. between  Currents where
No. B VT5-VT6 quench occur Result
) 2T ~50A 115 A Protected
05T ~110 A 180 A Burnt out
2 2T ~200 A 230 A Burnt out

Table 2. Quench induced by transient and localized thermal

disturbances
I between  Transition
No. B VT1-VTI10 current Result
150 A Protected
3 2T ~230A 160 A Degraded
4 1T ~280 A 150 A Protected

160 A Degraded

7 20184F FERKFKI T4~

YR



