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Development of HTS Accelerator magnet (13-1)
-Study of groove winding REBCO corrector dipole-

R R, E O, SR WS (KEK), 497l &5h (NIMS)
TSUCHIYA Kiyosumi, WANG Xudong, TERASHIMA Akio (KEK); KIKUCHI Akihiro (NIMS)
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Fig. 1 A dipole corrector coil
assembled into the HTS sextpole
magnet.

Fig. 2 Opera 3D model of the dipole corrector coil.
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Fig. 3
Multipole field distribution along the axial direction of the
dipole corrector coil.
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Table 1 Design parameters of the dipole corrector coil.

Parameter Value
Bore inner radius 55 mm
Coil length 206 mm
Number of turns / pole 8 x 2 turns
Operating current 10A
Central field ~23 Gauss
Intergrated dipole strength 0.325 T mm
Effective length 139.1 mm
Inductance 0.13 mH
Conductor 2 mm wide REBCO tape
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Development of the HTS accelerator magnet (13-2)
—Critical current characteristics of REBCO round cable fabricated using non—uniform copper-plated
REBCO tapes at 4.2 K and in magnetic fields—
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Commercial REBCO tape

Fig. 1 Cross-sectional photographs of a commercial REBCO
tape and a non-uniform copper-plated REBCO tape with a
45 pm additional copper plating on the REBCO layer side.
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tape and cable at 77 K. of the REBCO tape and cable.
2000 k) 1 Measured tape c 15 g |
" | © Measured cable ic o O Tape
%, |--- Calculated cable kk a O Gable
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= = g1 o
< 1000 g & %o,
= o, %05, £ ]
o 5 Og,
500 ”nen Bop0q
90w :
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Magnetic field (T) Magnetic field (T)

Fig. 4 Magnetic field dependence of the /c and lift factor of the
REBCO tape and cable measured at 4.2 K.

© Caleulated Je using the measured cable ic
- = = Non-uniform copper-plated and commercial;
REBCO tapes, 1.9 mm core

1000 | ---Commercial tapes only, 2.4 mm core 1
T 800 | ==
E E PESerh bl
= 600 © et
% 400 | S
= E
| 200 &

5] E
R
2 3 4 5
Cable diameter (mm)

Fig. 5 REBCO cable Je designed using the non-uniform
copper-plated and commercial REBCO tapes at 42K and
18 T.
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Quantitative study on long term stability and variation causes of passively shimmed magnetic
field in a persistent current MRI magnet
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Fig. 1 Correlation between room temperature coefficients
a®® and magnetic field strenoth due to shims B streneth.
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Table 1 LSM result and contributions of the causes

k Causes from LSM result Comrlhullo_n 2
Ave. | Dist.
1 |Bloch 7* rule (No LSM fit) |Plotted in Fig. 2| 11.7 | 23.5
2 |Persistent current — AB Plotted in Fig. 2| 56.1 0.0
3 [Shims radial movement with v=4.43 x 107%/K 2.8 | 284
4 |Shims axial movement with v=1.00 x 10~%/K 340 | 404
5 |MFMPs translational move at 0.80 x 10°m/K | -5.0 5.1
MFMP; Magnun. Field Measurement Point
Ave: $alPaf. Dist: ¥(aP® — a%®)af
BE K

1. T. C. Cosmus, M. Parizh, IEEE TAS vol. 21 (2011) p.2104.
2. [rEs, fih, IR T4, 58 (2023) 132-139.

3. K. Sasaki, et al.. IEEE TAS vol. 32. (2022) p.9002107.

4. M. Abe, et al.: Abstracts of CSJ Conf., Vol. 104 (2022) p.72.
5. C. Kittell, TEEHERSAMT IS 12 2, LERASHT
6. FAEZAR i, FFEFE 2609295 5. 199742 A 13 A.
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Fig. 2 Comparison between fitted and opservcd coeflicients,
with contributions from the Bloch 7" rule (af;) and coil
current change (a5,).
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Fig. 1 Three types of resin samples sealed in glass tubes before
gamma-ray irradiation and after 17-18 MGy irradiation.
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Fig. 2 Measurement results of precipitated gas after gamma-ray
irradiation.
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Fig. 3 A Photograph and schematic of the three-point bending

test.
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Fig. 4 (a) Flexural strength and (b) flexural modulus of the
resins as a function of irradiation dose.
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105 (2023) p.103
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% 8 times % 14 times % 23 times resin

Fig. 1 Insulation reinforcement for cable extraction.
High-viscosity resin can cover the large gaps around the cable.
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Fig .2 Importance of viscosity control for insulation
reinforcement for cable extraction
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Fig.3 Time dependence of resin viscosity after mixing hardener
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Table 1 Numerical Parameters

Flow path length 143.6 m
Central spiral outer diameter 9.0 mm
Nb3Sn and Cu strand diameter 0.82 mm
Cu/non—Cu ratio 1.0
Void fraction 34 %
Strands cross section 169 mm2
Jacket cross section 424 mm
Heli s section (heli
elium cross sec {on (helium 999 mm?
bundle region)
Helium cross section (heli
fon (helium 636 mm2
central region)
s ;
- Voumx
= iV
2.5 == [nIV peset
047
3 3 y
= E 229s
515
£
3 Threshold for i
s quench detection -
. ¥ /
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Fig. 1. Analysis result of quench voltage.
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Fig. 2. Effects of dump resistance on strand and jacket
temperature.
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F5100m1  20254F FER AR T B H B A R FE S R &%



1A-p03

A e L )

ITER iYL /AR EARD 7 R BAIRRE LK/ N A—2—D 1

Investigation of Current Sharing Temperature and Conductor Parameters

on ITER Central Solenoid Conductor
Aiih ACE. W &R, SOR B(QST)
SUWA Tomone, ISONO Takaaki. HEMMI Tsutomu(QST)
E-mail: suwa.tomone@qst.go.jp

1. [ZL&HIZ

R EERIE ITER O LY L /ARCSEE K (Fig. it
NbsSn BRI AAE LI E AT L A E D DR S
N5, CS Offis TR 13 T I23115 40 kA #8523 6 5]
1T sl M UERENIZI0 55 e IR E (Te) 3 E1L
LAz sz EREND,

PRBROPRVE v F 2 EHLTH LT EVEELER A ITES
LALAIDHTE-0[1], IS ILERVE Y F CS HiK
DOEPEX{T -T2, CS HAEOHFEMAE LML, Bk T i
£ 20 AU CEERPERER SR 2 F2 M L7, [FEYE ko
BHEs BT AMERE T A TTREL T A=l BT —Z okt
THRRHIRET ATV, NbaSn BB OB R BRSO 2,
Ay BR G TR EE O F B A sk b T,

2. HEEAE

ARl &4072 NbsSn BRI 4 FidEHY . AB.C #27
r o RiE, DAL ELIIE THD, CSEROIRBRIL 5 Bps
Lo TN, 576 A5 NbsSn KL 288 ADOGIFLMED &b
ENTWAD, FEWOHOE »F OREHIEIL, E#e v Fi
1% 20-45-80-150-450 mm L72>T 5,

AAAD SULTAN AERIEE A H L, SEpifiz - S5
W &7 BRE 10.8 T, i 45.1 kKA T Tl E2FEfE L1,
PO B RE /TR T 20,000 BIETIIL-, #MBELER O
R CRK 3 BIOEENS 4 K ~ORES A7V ES 27,
HERPNELD NbsSn FEBITIH > TOA T R 23 i+ 57
Bz, RN — 0T R THAE O T 22X EVE
B,

pe i [ [t Jarse o
B LyA NI (B, T, £e5)
Ly A

ZIC,E EEN E T ERENE, L (XTI RERE. Jop
IR, N 25 NbsSn FRROBTHS, (8, T, am)iikf
SBFROBE(B)-IRE (- T IMRAEE T, ax BDEHOT
B ThD, eerre n HET LT AL T IRG A= —L L T llE
BB R — 7 M an Bt E LT,

3. BRATHER

Fig. 3(a)lZ, #RELERAFIMATORHOTHE (12 T,
4.2 K)OWHEEZ R, BEHELOERE, G203 iden =
—0.59=-3.7x 10 I, (B4 0L & 00 E 5 0 58 S R 25 ol
0.03%&7p o7, Fiz, Tes LA HOMB(Fig.3 (b)),
Tes=8.2+1.8 &, 0¥E 0.2 K &7 iz,

Fig. 2 |2 LB AN LG DO T HELE TR T, A
HETOTFT —2IZH L TEMHEELZR R Chd, MukLE
BEN OEIEAE Nem ET DL gar = -0.69 +0.28x10° Nem, ot
0.03%&72 7=, ZOFERED, SRLERHITHLT, §%)
OFRDBEEMEI, FRICED T D3 ELT-Z 233G,

INHOREFELY, ITER LEEIOEKROEE, HH0OT 24
FE LSRR LUER DR D Tz o350 03K BETTHI
TED,

4. £L&H
BEF 20 AOEIE »F CS KD T MIERKERIZHT5
R R 24T o7, HARMEREIZB T A4 A RS, HE

_7_

49 mm Stainless steel
jacket

Cable (232.6 mm)
Pattern{3)x 3 x4 x 4 x 6

f_:} 2 x Nb,Sn strand
@Q cu strand

Fig.1  Cable in conduit conductor for ITER Central
Solenoid.

Strand supplier
Shodtwsptch o A B B A C WD

LA R L B B B

Effective strain [%]
o
~

200 250 300 350 400
Crittical current of Nb;Sn strands [A]

O F TTI T T[T AT [T AT [T v [Trrrrrorry

8.0 (b)

Current sharing

temperature [K]
¢ ~
(=]
: T
n
4
4
L I L

Effective strain [%]
Fig.2  (a)Correlations between critical current (/) of
Nb3Sn strands and effective strain and (b) effective strain
and current sharing temperature before electromagnetic
loading.

Strand supplier

Short twist pitch ® AmB AC VWD

_ -0.5 r1Tr1rrjJrrrrtj 1 rrrrt]T1TrT¥ H
= d
c -06 e ww - 2
% o7 Eptellty T TEE T
2 [Hesuwunm s E
E 0.8 =
w 3

-0.9 s b b by oy o F

0 5000 10000 15000 20000

Electromagnetic loading cycles [-]
Fig.3 Effective strain vs electromagnetic loading on short
twist pitch CS conductors. A doted line shows result of
linear fitting for all data.

FTHERIL L LR L ERE O T DTz vTaeL L,
ThUZEY, FRF <7 2y b B LB EORFIOBE LD
HAMEREO THARLI LN TE,

SEXM

1. Y. Nabara. et. al.. [EEE Trans. Appl. Supercond. vol 24,
No. 3, 4200705. June 2014
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High—speed numerical calculation of current distribution in a large CIC conductor by newly
developed Revised Sparse—Tableau method

BE W, &TmE, BEHRCEERS) HEBER, Lo (S (NIMS) s R HE (QST) ; /& & i KER (GRAER)
YAGAI Tsuyoshi, KENEKO Kazuhiro, HOSHINO Sohta (Sophia Univ.); BANNO Nobuya, KITAGUCHI Hitoshi (NIMS), UTOH
Hiroyau (QST); HAMAJIMA Takataro (Tohoku Univ.)

E-mail: tsuyoshi-yagai@sophia.ac.jp

1. [XEHIZ

H 4 Cable-In-Conduit # {4 (CIC Z{K) DA X e ARD
FOE R FHZ BT, FREEE R KRGS 2 B0 8k
{BIZEER, 2OV — L TOEMRE SO
BUTFEBLTORW, HIROEE 2L —Z 3 E
<, FHREEE DS — 0, KBBEREIFEE 7 L OfE =0, R
7o F CRIBRELNHFRNCES TS, it
BT E ERARETHS,

AT, —HARER L 2L — 2L TOAE
EfiAEEE (A=A Z 7 a—ik, LUF ST k) #3523
BEY, BT HABER (CoCHI = FIZ LA E EHIE
MBAEEIE) LRTAH 72 A1 DORIEEFETS
TNTNZA LA LT, Zhuckisg 1 i Ro
b FHEEFM O KIBEMAER 35, T CIEHIIRNE T L
81 A<M (3 X3 X 3X3)CIC EEDZFRINEDIH12D 2
WA T —T 0 (OAHRR) i EHL, EAE 128 mm (B
F 510 57 I 100) (2P TRERR L 7= [BI#E € 5 L DB /v Al
B B OB IR EIL T,

2. BEAN—R-470—%

ST #£1% SPICE #& 3=l —4# Tleb AR [E i E 2L
FETHD, BIREHREZ LU, EHRFA O SEE
LT 5, @iAEE, EEE, ERA RN L e
Fy7 ORI EER, BT~ TEHOTENY — %
FRRNT D, A HIERT-AH VIR DA IE
VA GIEYIalb—arOREE At LUT At/21 TREN
B, (BEIEA/R—RA« %7 11—} (Revised Sparse Tableau :
RST i) Tid, #i-icEHIEH R 2BL, G'=At/(2L+Rt -
ANET HIE TR S KIRIZHI T, HE MO
HAEICEHAT D, A F 72 FTIHMEEORL + (T8Bi15F
BT, - At R OB A ERIRE L TR 5729,
TWIREEBITH L1 R TR Ax=b FWDEE A~ FVIZH
FiAFEND, LTspice TET AL TELMHARRBIFHEET L%
WML, FRAHRELI-EZA, LTspice k5]
D 12~1/10 BEOFHIFH TRICA REH/LENTE,

3. 9 KFE#R CIC H{A~D RST ;ZM:EHA
ITER Al CIC ¥ {&e> SULTAN R ClL, S{EoHEE: Mm%

i 9 EEMCICHEH

£ (BIRBBGO 2Ry 7y —T W)

Y BUEYTF
127 : 68.5 mm
220790 mm

Fig.1 Measured traces of 9-strand CIC conductor

N ERLTERBEMET AT 58, THEAOEEK
HEAYOBETREENBNEATOA[L], ZORHTO,

Fig.l |24 557 9 AAFE# CIC B4 (0.81mm EEE NbTi-—
HHROE T 68.5 mm, —HKIAVE YT 90 mm) OFEHIELE
128mm 43 (100 45#) 2 W TAL Z o7 A~ N 725 F I,

1 kA AT w7 ERE N -HOER SR OE(bE, BIR
BB RS L= B s R OB A IR R A T LS8 TR
L7z, RST {0k % 4466, fifi ikl 892, AR iR
DFEHATH] A DY X|2(0824)* THY, LTspice HTOEF
IALIZAFTRE TS, BRBIEET A& Fig.2 IZmT,

4. FEHRBOFRBEZEMEREERHOBR
WIROEAE SRR RUE ¢ Q TEEL, B
PR PO SRR AR IRHT R 40,01 1 QmABLTN00 1z Qm
IZEREL CEIRMIER OB g 217 -7, Fig.3@o
BEIHI20 msec TERILROZEORBIZRIAN, LL,
FARME AR MR R O g, 3 (D) TILERIHRIZ2 sec2
Do TNA—J, (OO R ClElsecBE LT,
SR TP ARS b SN RARIA TEL LB 2565,

i
ZOWFFED —ER IR 6 JFRUF §% 3t 3L R R 5E 35 L OFHIF £
AR TEA GREEE 5-21H04477) OB A= TEBS

g% 1 kA

. BEBn=1) | F—7Ek(n=2~100)
b

4

Tim-e :] Ly, bm
! Ly = w Ly + bz

b3 poooe, (2 3 0
E'mgﬁ,_ﬁ g Coggq sy 1 [ £ N
@~ -0 Bir-e (| —m0——

{n}
1! I::

V V (10048, 128 mm) %
Fig.2 Electric circuit model for 9-strand CIC

(b) ™ s e e

15 2

_)0;(_ 05
20 ms
Fig.3 Calculated current distributions with different
contact resistances (a) 20ms after current source rises,
(b) with 0.01 © Qm and (c) 100 1 Qm contact
BE XM
1. B. Stepanov, et al.: IEEE Trans. Appl. Supercond. ,vol. 18,

no. 2, (2008), p. 1080.
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Conductor structure dependence of joint resistance in
mechanical edge joints of HTS STARS conductors

R g, GHiE E, BN AR GRAER); #0 &M (NIFS)
HIMURA Motohiko, 1TO Satoshi, HASHIZUME Hidetoshi (Tohoku Univ.); YANAGI Nagato (NIFS)
E-mail: himura.motohiko.r6@dc.tohoku.ac.jp

1. [ZL®IZ

STARS (Stacked Tapes Assembled in Rigid Structure) 3 {4
(DT vy Ml R LA 865, iy Yalfy
M, AR RER IR SRR~ Ry MBI DS
FEDO 1 FTHL[2]. BITHRETIHE, WYy NT

REBCO 4 L8 7 — 7 % 1 5 TR I8 L7-#d (1 SR R,

Single-Column Structure) (235172 W35 A% & (8 & HHTiE
IEEREATZ[3]. MY =y Va1 b STARS #{A1T,
REBCO #t#f L8l 7 — 7 OREIEZ# vy MDA A
R R LCBY, 7 — 7oz LB & T
DA B, ARSI AE LA O AL
TLEIN—FZ 70355, thiF OT ez oiEEL T,
Fyv7vaA b STARS #AR[4]D X7, Rl AE L
PN T AENE 2 b, Z2 TR T, | FIFE
fiiE L, M E k% 2 PICo i, 2 B R g A
(Double-Column Structure) ZALF iUy Vaf MMl
U356 OB G 1 LG E I L=

2. BERERIAR

Fig. 112, fiffrx%<Ths 1 7 16 [Efiikss 2 5 8 g
Pl Al i o B2 & ST i O MENE 2735, B8 60 mm, JEX 60
mm O ho N 1 FIEE 2 FIORTEE A
HHNTWD, HEEH T, BRSNS v
o (JES | mm) HHEAMEFTA R T A RAHEA (EX 25
um) & In §8 (X 100 pum) 2L TEES SN TS, vy
ORI S AL, REBCO #4464 L8R7 — 7 (418 12 mm,
JEX 100 mm), [TAEE @ fEE Tk E NS,

AMFFECIE, AR (COMSOL Multiphysics ver.6.3)
Z T SE AR I X0 SR A R R LT, BiIZ Lo
I EEAET, BALCETART YRR TR R
L CEBM it R, E, BRFENELTREBCOMR
MOBEEF T T VEBEIG L, AT A—FLLT, #
i Ao LG RO 2 MBAREL, | FIHR
iEB L0 2 VRSN TN OESIEIE LR L.

3. MITHRBLUER
20 K, S{KIZHEN LB EAO RSN EITRD 60 % THD
LEOBEAIEHICOWT, Fig 212HEE Liom 2% 100 mm @

B OBAHE RRCEUR YR, Fig. 3121 51 16 [,

2 4l 8 R IC BT DA RIKFEE R T, EboY,
{l B BB LOME A R OB - THESIEMUTED L
fo. R N2 L, MBI AT AT —7 %
L THERE L0 <74, ARSI AL, & OmH
BN 5720 THDH.

2 FIFREMGE L, BEAEICHBWT, AMUCTE S AR E
HENLOETEIEHES 1FI R RS LV L RS ESEN
KEpBLTFHRTELOIIKLT, 2 FIFEMEED FHMEL
fpofz. TR, FEERE 2 FCp A28 T, MEEED
F T BT 280 o M ELARY, AR A S
T A THD, HEETEOIMUNALE T 2R E A D
FTHEBMIIEIC L FOMWMI ¥4y b aiinsg. MR CHRO
EE RN EOEZ TRV EARY, | FIEE S TR
BADSEHEEET T ALV LES KIS 5N 5.

_9_

(unit: mm, not to scale)

30 30
Goh or 160
T i

* Virtual Resistance (25 ym) . , Indium (100 pm) :
Stacked Conductor

Copper Jacket
o ¥ (a) Single-Column
¢ Structure

Joint Length Ligiy

(b) Double-Column
Structure

Fig. 1 Conductor configuration with 16 REBCO tapes

14
13 F
12 f
1§
10 §

9 \\.\‘
0 10 20 30 40 50
Total Number of Layers

—e—Single-Column Structure
—i— Double-Column Structure

Joint Resistance [nQ]

mo; ~N e

Fig. 2 Dependence of joint resistance on total number of
REBCO tape layers (20 K, Ligint = 100 mm)

12
_ —a— Single-Column Structure
g‘lo F —&— Double-Column Structure|
g 8
s
.% 6
R |
£
S 2
0

0 100 200 300 400 500 600
Joint Length [mm]

Fig. 3 Dependence of joint resistance on joint length
(20 K. 16 Layers)

AL, MBI OM KA RAE KRS O E R
T, BE T ICB T 28 G BEHEHE LTI L B HD.

AMFIED—EIE NIFS —fix L FHF4E (NIFS24KIEA055)
FLUISPS BHIFE (25K00980) O B A2 T80T,

SE

1. N. Yanagi. et al.: Nuclear Fusion, Vol. 55 (2015) 053021

2. S. Ito, et al.: [EEE Trans. Plas. Sci.. Vol. 40 (2012) 1446

3. S. Sato. etal.: J. Phys.: Conf. Ser.. Vol. 1559 (2020) 012110
4. 8. Ito, et al.: Plasma Fusion Res.. Vol. 9 (2014) 3405086
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Investigation of Ti and Zn co-addition method for internal tin processed Nb3Sn wire

LEEFERR (NIMS); & H Wl (EEKS)
BANNQO Nobuya, (NIMS); YAGAI Tsuyoshi (Sophia Univ.)

E-mail: banno.nobuva@nims.go.jp

1. FL&IZ

Nb,Sn #MICE1T 2 eRIMOBFZERRE J (kizmi) T
HHTHDH, TO—2THDH Ti I, B.BLUERR
SO ERRTHEMTHEE LTE<mbENRTWD, NEEA
ZHEOBAITIE, B EICEST S Ti §FmEET & LT Nb,
Cu BFHf, Sn B 3 @ NREZLN, ZOHEWCZIE-T
NbsSn DJEIZRKIZ EWREN S, AT, BIlOBBEGEN
Whoc# s LT, fM~IFmEns 2n & omEaRIc
EHT A EEARFEMITHEDO—2TH S, In i2iE Cu fBBHC
BT AMWENH 0 | B NbaSn RIGH k72 L8 0 Rk
RELMREIN TS 1], AFETIHE, Ti & In 23
MU=HE, HEDEBELNIONE I DERELT
W%, NbySn HIEAGETE A H S L, MEROBLENG
e ili7e Ti o« Zn LM FEAIRET 5,

2. EBHE

REFUTFOFEETERLE, EFHUFT Cu-
15wt%hZn Bl L, FU Y 7 Tis THaME L, £
[Z%0 Sn &3 A L T Nb—0. Swt%Ti &4/ 1 7o e, &
Sl B & 72D Cu 3 TR, Ax— 0
TINTLE A AB| XM THEE 0. 6mm O & Lz,
W F OB A 7 Add, MR Som, B 2 am@® Cu #4
IZHEA L, Bl & P& INT CEAL 0. 92mm £ T LT 78
Otk e Lz (Fig. 1), ER#GCE S LT, Nb/Cu-15Zn/Sn—
1. 6wt%Ti 35 XL U8 Nb-0. 8wt%Ti/Cu/Sn O#AAEHHE CHEE
DOFNECER U730 & MR Uiz, = 2helE4 2Ll
TO X 2zafTT,

(1) Nb-0.8Ti/Cu-15Zn/Sn: NT-CZ-S

(2) Nb/Cu-15Zn/Sn—1.6Ti: N-CZ-ST (thieatkl)

(3) Nb-0.8Ti/Cu/Sn: NT-C-S (Eh#eatel)

sUEHE 500°C/100h O FfHANEWO D+, 650°C X 150h,
L < I 685°C X 100h DFEMLER A Jifi LT NbsSn @4 4Rk L
Too EHEMEHTIZ LV, NbsSn EOmAAHH L, R
AW CIRERER T 1, &3l L7=%. Nb:Sn & O mEifE Chk
LT LELE, LiZl pWen CEZELE,

3 ERERLER

Fig. 22 NT-CZ-S 3Bl 650°C X 150h EWLERTE 7> SEM
fere ONCHERRTEHED EDS v v 757, £7=. Fig. 3
BB O SEM{8 & Ti v v 7 & T 5, Fig. 3105/ S
NDHEDIT, NbIZ T ZiFMLIHES (NT-C-S), NbsSn J@
R Ti (AT SRR o728, Cull Zn 2N
THIETHEW Ti {bLEWRENRENTZ, I Zn, Sn s
W2 Ti ZEMLUE8EE (N-CZ-ST) I2H~<T%, NbsSn B
LhEdoio, ZHuE In S Nb-Ti-Sn—Cu RibL &P A ZE
bsE2ERHHZ LaRR LTINS, Fig. 477
X 91z, 685°COBULELA i+ = & T Nb-Ti-Sn-Cu #iLE
PlEH 43 B A%, NboSn JBIELIEf & Helil L TR0y, =
DEIIZ—EEIC N IZTi Z2EIMLAZEEICE, In OB
TLEW BRI S T L E VY, NbaSn AR R
OBEPHESRTLEI Z b o, Fl-R TR
MFHEOERPMLETH S,

__'IO__

BB AWFZEIL JSPS BHIFEE JP23K04453 D BIRLA 517z,

BE XM
[1]1 K. Asai, T. Yagai, N. Banno, IEEE-TAS (2025) 6001505,
https://doi. org/10. 1109/TASC. 2025. 3539266

Fig.1. Cross—sections of T-core NbySn wires before and after heat—
treatment at 650°C X 150h.

Fig. 2. EDS maps of NT-CZ-S after 650°C for 150 h.

NT-CZ-S, Ti N-CZ-ST, Ti

Fig.3. Comparison of Nb3Sn layer and Ti map after the heat—treatment
at 650°C for 150 h.

N-CZ-ST

NT-CZ-S, Ti

N-CZ-ST, Ti NT-C-S, Ti

Fig.3. Comparison of Nb35Sn laver and Ti map after the heat—treatment
at 685°C for 100 h.
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Control of oxygen composition in various RE123 thin films

Tl f5— f% i, & B, ok 83 (FER)

EHR OE AKE IR, MME - (EXET)

SHIMOYAMA Jun-ichi . SAGARA Kazutoyo. HATA Naoki, MOTOKI Takanori (Aoyama Gakuin Univ.)
YOSHIHARA Tatsuhiko, HONDA Genki. KOBAYASHI Shinichi (Sumitomo Electric Industries, Ltd.)
E-mail: shimo(@phys.aoyama.ac.jp

1. LIz
RE123(REBa:CusO7.5)l % CuO i |2 & FpEe < aE betk
FHL, CANEES YV TREOELEMEY Z 0D

EiEMEIC R E < BET 5, REI23 BERETIE—%ICS

~0.07 TTe @Ol ¥+ ) 7 F—7RiEE 29 Y123
TR KB, GdI123 TlL 95 Kik< IZi#E+ 5, REI23 T
VP L O EE AR AR P C T3 90K 2 543, 5
F—ri—= F—=REN ST/ T o F— F—7FREICE T
NAHEOT, RIL YK HETH-TH 1otk
ST %, Bxld Y123 BERERIZ oW T, 550 A —3—
R —7 e & Feil F— 7 IRIE O fS SR O B LB T
MEA bl U, fol F—2 KRN 40~70 K, BEE P A B
TA——F—TRELVEDHZ EERE LI, —H.
REI23 Ml TIEF v V7 F—7IREE L BRE
RO BRI D Icl < B TRV, F 2 TAMSE
Tl IBAD MMl BRI & 7=~ 72 RE123 IRIZ %) L
THlER Bl % A, BEERHEOELE R~

2. KB

AHJFFE T lL, Faraday Factory Japan 184 Y123 ##4 (PLD
. & Y20s) , Gd123 #8444 (FF-MOD %, & BaHfOs) & Y123
HES(FF-MOD i, & BaHfO3) (2 2WTEER A D 12
DERA T =— L& tkx REHETITV, TALOBEY
5Pk % o W2 ATICEIIN LR T2 5 SQUID R
it & O BELRE L 0 Gl U7z, SR OBEIRE
NEN~2um, 22 um, 09 um TH 5,
3 BRLER

Fig.] (2281 P TREFET =— /L& 2 L7 Faraday
Factory Japan #:8o> Y123 #bf > ZFC B2 iR Bk AT
P %73, asreceived 1L 7 =— A FTORLE T, i h Te DMK
{HOWA—N—F—=7REICHHZ EBDIND, EXP
DT =—/VREEEL THEMHIZ TLITER L, 450°C T
T ==t AW LN RIEE F— 7 E T, 475°C
TT7 =— A LEREHITHWT v F— F—7 Bz Y,
gt 77— FThsd, 20K IZETDH{be AT A
O L 0 ¥53E Bean &7 /W2 X W HHE L7 J ORESH TR
% Fig. 2 123 Lz, MRRBREOEME & HICHRIC L
BETFTLTWAZ EBbhoi, ZOBMIT40 K, 77K
T, &SICAE THRAZ£To REIRS #EEHCE
WThREETH-Tz, 2F 0 BT U TOA— 13—
— 7 OERPBERBRFEERBICEICASHTH S,
Faraday Factory Japan fH:840> Y123 #brizxh L T2E&H,
580°C C3h 7 =—/L{%, [l LIZ3EHT 400°C THZER
F7 =—/C kYA A U it A ok o
AENRFERPE LN, Fig 3B OF®IC LS
BEHEEOREOEBN AR LIZLOT, #ERELE
AEDIT 9 BBEEREOEENRH S CELS, 2oz
&R/ Y123 RS BRI O R G2 3T 5
R AF O LARE LTS, 12 L, $43 Y123
MICRA LR R EZERT 5 L, SREREKEZO
BUMBNRIZ OV TITERICEET 20 ERH 5,

& X
[1] J. Shimoyama et al Abstract of CSSJ Conf. Vol.106 (2023) pl.

. FFJ
Y123 / IBAD Tape '
~2 um' f
-0.2
as received +
3 !
g -0.4 \1
s annealed in air T X=475
= atX°Cand !
s -0.6|  quenched $450
-0.8
-1.04 H=10e (// c)
80 85 90 95

T/K
Fig. 1 ZFC magnetization curves of Y123 tapes quenched
from various temperatures in air..

8 . .
10 —e— as received
FFJ Y123 / IBAD Tape quenched from ]
T —e—350°C, §=0.051 |
annealed in air e 400°C. $=0.072 ]
—e—450°C, 6=0.112 |
—e—475°C, &5=0.140
—e— 500°C, 5=0.175

107

108 |

/ ‘

Hllc YBa,Cuz0, 5
105 1 1
1 10 100

H/kOe
Fig. 2 Je-H characteristics at 20 K of Y123 tapes

quenched from various temperatures in air..

100 4 T T
Ag capped Agremoved | 107
80} ;%/é;?
< |/ .
N e 4108 8
< —
< Ag capped r"”"'-A e
:%5 / s
40 ' ;
= r”remArfved B é
K Y123 /IBAD 10% &
’:‘ 2 pm' "")o
20 / annealed in air
’li at 400 °C er X,
quenched
0 —% : 104
) 10 100 1000
annealed at 580°C X/ mi
in air, quenched min
Fig. 3 Recovery process of Y123 tapes during

introduction of oxygen by annealing in air at 400°C.
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Fabrication method and microstructure for REBCO multi-branched wires

SR HE, Bl 8, P S, 7R SH(ETR)

KANAZAWA Shintetsu, KAGEYAMA Akira, NAKANISHI Yuto, TAKEMOTO Yuuri (MIT)

E-mail: shintetsu_kanazawa@muroran—it.ac.jp

HTS#izk- 2t (1)

1. [ZL&HIZ

REBCO 7—7 8 1%. IENTE AN HilEnsLD
W20, EESIEH ~ TR EBICE ELI0IT o7,
=T X0 O @S T o ERA Ik
S, BB W TS AR ES V-, — T, 28 TikEds -~
OISRIC T E N b D SR TWAD, FERA LICE
STV, Tz, m—Uo Y hyZ—IC K0S T%
IToTERED, A ERORRENEEL, Faimic7y
VEHEA T HEIERORFEEED TS,

REBCO Zlliifofi& L, BSERE G- Tn

HILTHY, Wt N LIy s ANHZE TR ENS,

ZOXHEE T, BB S E ISR, ZERO
IR O E—ERICHIRER0, BEROBMIZEWT
W, B SRR R TR AR BN A AT REME D B Y |
IEHBZEOEETFELTHADO T, BREKO
REFRAN LENDEEZ TS, LIvL, 2O L5 Lk
HEIZOWT, BHCA LI OB EIc W TS IcE e
Lot LT B FEomatb+o Tiddkdhofz2E
e, ABFFECIE, B 7 RO REBCO T8 ORI
DOBEHTHZEFHMEL,

2. EE

REBCO Zd## oM izix, (BR)7 2 278ld GdBCO ##
ML 4 mm, JEZIX 75 pm, AT, AOE A2 L)E
R, M H BTN ETRIRLZEDERETHY,
AElIh T 4 T2 LTH T T —7 (JBE50 pm) %
Bkt L SUS304 ORI AT, o—Ur 7 T4 ER 7=, Fig.
LIZFEDA A=k LTz, e Blon—5—01o 4 — X3k
DBRFRLTWAD, EREIZ1EYR3TH T3y hER
L=, MTARIL>2OHyZ—IZX LT 1 N THY, 10O
r—UZ M%7z,

REBCO 44

AT KT —

SUS304

Fig. 1 Fabrication image of REBCO multi-branched wire with
a kapton tape

T E OB 238 IS A AT EA R EN
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Fig. 3 Y element mapping result for crack
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Measurement of AC—losses for millimeter—sized REBCO wires
with development of a differential coil type magnetization measurement system
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Fig. 1 Main unit image of the differential coil type

magnetization measurement system
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Fig. 2 Magnetic field dependence of magnetization
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Measurement of Spatial [ Variation of Long REBCO Wire under Low Temperature Magnetic
Field Conditions and Consideration on the Influence of Measurement Conditions
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Fig. 1 Longitudinal /; variation of 4-m-long REBCO CC at
42 K and 1 T of external magnetic field. which was
measured by a reel-to-reel magnetic microscopy with a
spatial resolution of 1 mm.
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Fig. 2 Spatial frequency dependences of /. fluctuation
observed by the reel-to-reel measurement of 4-m-long
sample and a high-resolution measurement of 8-mm-long
short sample taken from the same tape.
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Fig. 3 Change of observed standard deviation of I
fluctuation. oy, measured by different spatial resolution
and sample length. The solid lines are given by eq. (1) with
a constant parameter K=5.65 [A].
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Fig. | Damage dependence of 7t raa /7. after various

ion irradiation for conventional and HE-type REBCO
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Fig. 1 (a) Current-voltage curves in the REBCO tape at
20 K, 18 T with various magnetic field angles. (b) Field
angular dependence of / the REBCO tapes with
different width from 20 pm to 4 mm.
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Fig. 1. Object detection results predicted by two models trained
by high- and low-resolutional ./ maps as teaching datasets.
respectively. Adopting the high-resolutional model to (a) high-
resolutional ./ map and (b) low-resolutional ./ map. while low-
resolutional model to (¢) high-resolutional ./ map and (d) low-
resolutional .J map.

Table 1. F1-score comparison between object detection model
trained by J maps with different resolutions as teaching
datasets, adopted to J/ maps with different resolutions for

validation. respectively.
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L y=4 THY, BIEZ/NESKL TS 2 IZHBE 352803
HENTEY, AR CHLENICF BV RRELNE,
5. F&H

PR I O R A A THERR 2 /DU 5 281, 28R
FOBMEN — A7 OBRICHH L& FFBLURHT)
BB U, BRI G, BEAYENR 0.01 TICHWT, 2# @
HEF A 0,13 mm RIS CU 72856, 1 oIz ~<T 1.7
D2 AR R FAE T DR Lo~ T, IZERIEH O L1z
HHRE G AT AESETONRR LR ENDE
BICBWTETHR A E RIS A2 O BEMN, &
WFFE O TR B L ORI o L0 — Ta ARl e o T,

Table.1 Sample specifications and measurement conditions.

Tape cross—section 2 mm(width) % 0.16 mm(thickness)

Superconducting EuBa;Cu;0, + BaHfO,

layer 1.94 mm(width) X 2.5 pm(thickness)
leat 77 K, s.f. 83 A
Temperature 30, 40, 50, 65, 7T K

Amplitude: 5 X 107 -2 T

Applied field
Applied fie Angle: 90° (B // c-axis)

Number of tapes 1,:2.3:5

Distance of gap 0.13, 0.60, 2.05 mm

10% 108 T {j
=07} J ) 4
5 3
'“"E 100+ "‘E A
= S0 A 1
= .S S
Z10') :p | 2 A
13 [

T [y i| Number boged

5] 10% L ' 1| of tapes ! 2 3 3 @) 10%

< O 1| <
""" oo | < |013]013{205 O

2 L e == 2 '
%o 10210t 10t 1o 4_"]4(§¢w~‘ 1x102 2x102
Field amplitude B, [T] Field amplitude B [T]
Fig.1 Calculated AC losses.
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_—'l‘-’
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Fitting parameter y
Tad

Fitting parameter y
N :

2 3 4 2 3 4
Number of tapes Number of tapes

Gap [mm] =-==- w(n=1) ~€-2.05 —W-0.60 —4—0.13 |

Fig.2 Fitting parameters of (a)measured and (b)calculated AC
losses.

Hie
AW O — L, B BE % % W B 4 (24K17264,
23H00187), 2% M FRE AR TRl &3 3 M B L OE 72
PR 1 N BT 3oL F — - FEE TR A B B I (NEDO) D
W& T TEBLELO THS,
SEXM
1. M. Iwakuma, et al.: Supercond. Sci. Technol., Vol. 19
(2006) pp.350-358
2. Y. Mawatari,: J. Cryo. Soc. Jpn., Vol. 44, No. 1 (2009)
pp.2-12
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Preparation of Bi2223 short tapes composed of stacked thick films

KA B, ok BRI Tl #—(F%K)
OKUBO Ryuichi. MOTOKI Takanori. SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail : ¢5624045@aoyama.jp

1. LIz

(Bi.Pb)2Sr2CaxCus Oy [Bi2223 |1 L W Vi FUREE Te~110K %
AL, BHIT o SEMFEZRONAZ LB L2 L
LTH BT b, ) Thil — AL EBM THD
DI-BSCCO®IE, ZNFETHE S —7 /v, BIEEKEA ., B
—Rial e i CEMSN TE, DI-BSCCO®X7 47 A
CROBEEALITA S MIESERR iE TIERIS LTV AR, Fix
FEREE T THEER R IC LTI T 47 A P IR AR
DOBEE AR L. [ 75 DI-BSCCO®® 90%LL &7 4T
EEBELTER(], i, ZREELUAOZ<DIEHTIE

WHEEIAETHS, Bi2223 ERERE LK T+
A EEE LB B A T A BEAME S REIET
ek TfRb AU, TR cE iGN R T 5,
Foxid, BIRE Pb BHICIARFHORTREET LA,
WMITRANT == LD B F Aokl o B, FE7
== AL EBF YT DA — =R —7HIEDOEH ) Bi2223
BEGRC A S22 Bi2223 LN Ol SRR REE R Ll
AR THHZLARLTED, ZALOIEHITRER T TH
ADI-BSCCOP Tz EmEhied oz, Bl EDAFoL
L ARBFE TR IR Bi2223 #iA B s A B AL L TS
@ LA Bi2223 R 7 — 7 OIERUZEFL A T,

2. REBAE

Fiilg Bi2223 JEEEVEHINE ~ 5 mm, &&= 10 cm OF#R{E
(30 um' EF2IE 50 um Y AT —IZF qv T —hL, WlEEE
NEEFEL, —l7 LA, —BERk, FR—H7 1A 2 &
BERk, BILHRART =— O TR TIERL/-, AFV—12 Bi ¥
AMIFLT 17.1%D Pb & Ee Bi2223 fyAlc=s /—n b7k
Z1:9 OEIETHARPLI-LDOTHS, MERL-RA R
LT XRD, SEM, Y-S5 LA o P d ik 2 78 <,
HARZE SR T (77 K)CHEE NS FiEIC IR R ER L %
WEL, Fo DA BMRE R T TA—F—ELT X %
X =Pb/ABi+Pb)2EFELT-,

3. WREER

Fig. 1 (ZFRHERAR(X = 0.171) TIER L 7= Fil{ @ IR 644
(Bi2223 JEHE 4 JF)Z#F LT 830°C - 48 h, Poz2 = 8 kPa D 5:1F
T IRBERRZAT O, PR —8 7L A%, 810°C - 12 h, Po2 =3
kPa T 2 WBERE, 755°C - 48 h. Por = | kPa Tl ik AR T =
— N w AT o= E O FH XRD 2779, Bi2223 23 AR CARR
L. Bi2223 OAH53 51 96%E @\ Ml R LTz, Fi2, 001 e —2
DIRFEDR KENWZEDEIRS ¢ BIBRLA L TWAIEL R TET-,
Fig. 2 ({ZZOREH B LU BHIMER L7803 E O 111 Fitk
2T, L 1 36 A,40A THY, 4 BOREIEAFH 52 um, 51
um THhHIEMNE, J. = 15000 A/em?, 12000 A/em? & BFELE
Az, ZAUZATERRE L BBIEEGUR E0E @ v ETH S
[2]. Fig. 3 2 lc=40 A OFEO MBS AR T, J Dk
EIIHEE IR ORI RN B KL, Bi2223 ZE#H
F &R O ER L 00 J i T 15512 8 BE L2 ¢ S i) L 7= B8 e ek
DR T2 LE 2 HiD, sl TlIE#s O A %
JBFAR, (ERG i kA s F- fli g IR Bi2223 FIR
T— 7 OHGIFR B LA ERHE OV TH G T 5,

Bi2223 thick film e
1st sintering :c';:,féf,:
Po =8 kPa, 830°C, 48 h o0t
2nd sintering
Pg, = 3kPa, 810°C, 12 h
! 3
5 |Postannealing g
@ |(Pop=1KkPa, 755°C, 48 h)
= |F(2223)=96%
= ) g
& |x=04171 o
@ |Y=353 b
E (=]
|105 cps
g
§ (=]
1 * ll i -I i D
0 10 20 30 40

20/deg(Cu-K,)

Fig. 1 Surface XRD pattern of Bi2223 thick film in a four
layer stacked Ag composite sample after post annealing

2 T T T
Bi2223 thick film

1st sintering

Py, =8 kPa, 830°C, 48 h

2nd sintering

Pg, = 3kPa, 810°C, 12 h
Post annealing

(Pgp = 1kPa, 755°C, 48 h)
| 77K

s.f.

standard
X=0171

V/pv

0 10 20 30 40 50
1A

Fig. 2 IV curves of four Bi2223 thick films layer stacked
samples measured at 77 K in self-field.

"““‘-—H _-"_ 3 el hg o -.‘.‘_.' 1
o mhm
Fig.3 Optical microscope image of polished cross section of
four Bi2223 layer stacked sample

2% 3k

[1] 1. Shimoyama et al., Abstract of CSSJ Conference Vol.105
(2023) pl6.

[2] R. Okubo et al., Abstract of CSSJ Conference Vol.108 (2024)
pl50.
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Short-circuit experiments of Bi2223 and RE123 tape, including their connection parts

IEVEARS, #k—2F, (CHIEF P53, MHEER, IVANOV Yury, JE# 3¢ (PiiRe#)
YAMAGUCHI Sataro, HAYASHI Issa, NITANO Hina, KANDA Masae, IVANOV Yury,
WATABAE Hirofumi (Chubu Univ.)
E-mail: yamax(@fse.chubu.ac.jp

1. [FL®HIZ
CHEEOBGET — 7S ((ERELR Bi2223. &4
@ RE123) OFEMEERABREZME DL Tn\a, HEEEN
i EBEESMEALS & FRFCKE IR EFSAET
DM, REI2ZIEMERA v ¥ =20 T 70 )Tlie—2
WHE (VAR = 40 ms) ASEEAER 10 HREETTH
T SR & ntehio7-, L L, BE—2 Eifidi~15
FThe A &L BEIREEMT L7Z. —JF. Bi2223 MM (EA A5k
{EfRdf, S ZBE = 10 ms) Tl E— 7 B\ ~20 FEC
FEFRIZA Uie <, lEREHR O oW 34 U=, Eiix
BHEEOMERBR THY . 5By —7 L COERKER
MBS MEIZAR S, EROMEREIZ L TLEREOR
itEEDLZ LIRS,
P EOEREAEEZ T, ROATF v 7L LCREEMEE
FEZDET—THHMOYRESHNGH LD, R
OFEBBERABRPLEIZ RS, FHTEEEREC
HRARVOTEFBERTHLEICERND Y | B
T ek bhng, B, Bi2223 ClXFr—7 &
FKEAFR T B, RE123 TIRIERRTH Bz, HEED
ST E TE 508, 4Bl Bi2223 & [RIEkAcHEmi
ECTRBRETo 72,

2. ERABE LS RER

MEES LT —7HMICIZ4H>OEESY v 7(B. C.D.

Ey&Rftiy, Wicf7 o vy L oEgEERos=4%—0
7=, #7 ey JHICHLEEY v 7 & 2 DA, HEY i
2o Fig. 1 icZ OASR % R34, £ LT, BAE Ve
Vep. Vae. Vo D EITo =, 2FE D, PHESERH D
By TR EBENS o TRIOEE T o7, 3
HWH, BIEY T (BEEYEHY 22.5 mm2 85.5 mm?)
EOMEAETROBEEE (I 55.0 mm?) TH5H, ik
HEHFRRE TORESTIPIE. £hEh 204 nQ. 45 nQ, 70
nQTH-o7,

Bolt
15 100 mm 15 mm

35mm_, 30 mm 35 mm

—_l 5 mm
C-A-k

B

Bi2223 tape  Phenol resin board

Cu block Cu board Sl]]der Jﬂi“t
Flat braided wire 8= 22.5 mm? (lab. made). 85.5 mm? (Jab. made). 53.0 mm? (Sumitomo)
Fig. 1 Schematic structure of solder jointed HTS tapes and
copper block connectors

., HNL7E Vap. Vir DRIEZITV, $7 0 » 7 & O
b HL O R 21T > 7=, HTS #bf 87 v w7 & o
2 In 37— P &2EEA TR R THiD, MV IEREZTH
BalInr— bW E R Lz, 0%,
In r— b &AE 5 LEMRPD V1012812780 FHES
EIFIEREIC R 5T, ZOH, THUBOERTIE In
V—hEFITES ZEIT L,

Wiz, 2L ABETSERITER= T oA Y
AL AL v FHFFELTHERLE, ZHRERSEET
FIRAT 5 EHERBOBERAME DmCE < oB&IcEmE
T EAAT AHEEEEET 27D TLH S,

7o, SV AEGREIC L 5BM AL A<D DI
ERAEE (o) MIEERIT- TR, ZOMEELZEEON
BT Ui, BAERICIE 3 BoORE CE-TF—4 0
Heff7E, PEHEREE A WD IENICEE G A VD ik
ThdH, i, EHHIEHOZEIZOWTHEHIETTV.
Al A 1T - 72,

3. PIREEBROER

Fig. 2 |Z Bi2223 B O EBRFE RO —fFl 21+, oW
AT RS AT 85.5 mm2H Y |, HHEAHO
ESiI2immiz¥Ths, E—2ERIL2TKA L72-T
W5, BEY—ZIXENEAD S v T CAHIEIZIER
V. BE MITEEN —FS& <. DUV THERET AL BC [H &
DE &Y, —HFENEEEBIZCDETHS, 2 b
OFEEZEER MO Bi2223 - FATHLED LT,

4 T r T T r 2
|—'—(_‘urrcnl [A]l -=— Tap Voltage(BE)
=== Tap Voltage({CDY
K | o TaE\’oIm::,a:B(‘; 11.5 -
—_ = Tap Voltage{DE) _g
g 2t 1 =
£ 5
g =]
g I 1050
o =
0f 10
-1 : -0.5
-2 0 2 4 6 8 10

time [ms]

Fig. 2 Waveforms of current and voltages for Bi2223 tape. the
peak current is 2.7 kA

H5IE 4 v 7R EERE CD RS, BC B2 0% DE B CIX 15%1F &4
WEITTER, BEZEE2FIEE s, 2F 0, EHERFICIE
FEHIEREAR OB D X v TRIOEENMELS , R
ELTRALMBISND Z LS5 hot, B, BEHE
BT 2 R BT, BERN 2 5H0,
HEESIRE I OESICTESLL T/ b 2 &3
HTED, ZO0H, HEAWITET ORISR TE
BERICH LT EEEL TS,

BE M

L CHEFED, [ ABHGEERO HTS 7 — 7 ok
e E (L & BB IC W) RS SeERE, 3020
2,5-110, March, 2025

2. S. Yamaguchi et al., “A Short-Circuit Experiment of High-
Temperature Superconductor Tapes”, JEEE Trans. Appl.
Supercond., vol. 34, no. 5, 2024. Art. no. 8000805
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Investigation of higher boost and larger current battery charge for EV with superconducting
DCDC converter

AEECEE RS, AR, S 2/ (KEK) ; 8 E# (NIFS) ; 8 E8m ABE (ALK 5)
YAGAI Tsuyoshi (Sophia University); MAKIDA Yasuhiro, SHINTOMI Takakazu (KEK), HIRANO Naoki (NIFS);
HAMAJIMA Takataro (Tohoku University)
E-mail: tsuyoshi-yagai@sophia.ac.jp

1. IZIL®HIZ

TEEI O CO, P, O 20%E<% 5T
&, WENBREREOPEH A3 T 5L Electric Vehicle(EV)D
WK NN THD, LL, BWIEBER A3 &A1 C
BY, 2EFEROBBIIATE THD, BESY A LT —1ER
KT o 21 MW FEBESE I8 22, S4EIXBYD S A FH %
il EV Ao MW FefEA gL, PES I 4000 Koy
atHEAAF LT, EV Ol Sy 7 U—H 13 800 V A% &L
250, FRLEEREN»2 T 600 kWh Z2H 2 5L 0L,565,
M FEEICIE, JVRIEOTLERPLELRY, @E - KE
HICERARITMHETHD,

mE - RERTETEREF O, BTNV —T LN ET
MgB, R Bi2223 LU o7-itkk B I Rela b VT
ALy F U TR F A4 —FEBEHEZDCDCay /3—
B L TER(L, KRR L, BRI AR, T
ARFEH AR B AE LRI EE B S AT DR R LT
Wh, AELTRKERELET D23 —FIZBWT, £E
EWIEOFE S OB @B N NEREINL A F 2708
T oA VA5l T A A LTz, AGHECHE, &
LT BEV Sy T U—~OR R EBEEL A F 24
WEZHSRWABRFIERIAT s =2 OERRL, 2%
FE MgB2 KT Ha "—2OEEBRFEFIZ>WTHIE TS,

2. BT NAVEVAERERELI /=4

Fig.l (I, Bi2223 a &2 HLi-mEFEkor A
— R THA2], 22T L, L2 1EEC 12 mH oA 4
VATHD, 2T W3 12,000 u F TALwF 712 IGBT %
2o 45, ZoRIEOREL (Vout/Vin) i, AL yF o

JEHDHE IGBT A AZRAEIE (Fa—74:D) LT
Vout/Vin = (1+D)/(1-D) (1)
LHEEA, 2EFERKETIE D = 0.5 THERIZ2/M,
Fig.l OB CIXHIEITZHERAIZ3LRY, JVEED/ Sy

VGHE

Ly, Lz : 4» %2 2%F Bi2223
S, S, ¢ RWERA v F Ly RFUGET)

Dy, Dy, Dy : BRI F—F
C,Ca 1avFey

c2 ci
(450V, 12000 «F)

Fig.1 Double-inductor tvpe DC-DC converter circuit

FU—FEERBE LD, Fig.l FiZar " —4RIEOERTH
5, ATy T —OREEEBEL 3.1Q 7V
A H=,

3. BEFEL Bi2223- 2R F MgB, A N\—2DRERIER
K42 DOBI2223aA LD le (X, AHMo L1 28 75A, HH
ATV L2 13 109 A Thb, WA 72 ZIRFERCER
S, S IEE, AR 3.1 Q TikES
A TEEHN L1 O le BERZARWIDICANTEHERE,
Bk 2 7p BE LT D B SRAGTEM L /245 A Fig.2(a)iz
AT, A v F 7 BT 50 Hz~150 Hz 238K L T3,
FEHE D = 0.52 (23T ER 3.1 2, IH oM T
T4 ClE 2.3 kW A KT 90 BiEWENEEThoTz, —iRICHE
FEHD ERBEERITE T 35, FU Bi2223 A VD255
o R—42TH, 5 kW AFIT 95%E B D110,
EOETIEFERICERTALEZ6NS, ANENHHE
Iz fE- T EROMHM BB, RIEDHS e DA
FUEFAENT, XHICKENMED2Z RO RIAD
5,
Fig.2(b)lZ, A& 2% A58mH, ~U A HIFF e >1600
ADMgBaA NV =28 FE o R — 2B O K
B R ChD, Ay F AWM EIT32 He~150 Hz ThH,
AIERO25 kWakEE TH W AR Q%1.5Q 1T,
HABIESFERECLE BN 28, K33 kWoR

Bi2223 High Boost Converter Booa
95 1 I Boost: x3.1
(a) Effciency~50% | gy
.—.90 I e ® u® |
Les iy 8 ae . as
g " L ' E .= n .. L]
S EEE @ ] =
gaﬁ I . ] .D B | 2
epEEg a
o]
7
%_5 1 15 2 25 e
Input Power [kW]
MgB2 Double-Boost Converter
100 ®) . v
8 @ @ @ s3] 8 88
= @g®
% a6l e @ @@ 9@ @9 ©
<
@
o 94 -
&
92
D 15 20 2 30 35

Input Power [kW]

Fig.2 (a)Efficiency of Bi2223 double-inductor type
converter operation and (b) MgB. double~boost converter

BRTI6%LL LD A FHIL T,

SEXM

1. T. Yagai, et al., Abstracts of CS] Conference, Vol. 108
(2024) p.134

2. Omar Abdel-Rahim, et al.: CPSS Trans. Power
Electronics and Applications. , vol. 5, no. 2, (2020), p.
191.
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Development of Ultra-Low-Loss Capacitor for High-Q LC Resonator
for Wireless Power Transfer System
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PESEIGH (1)

1. [XE&HIZ

BRI S UYL RAE N5 (Wireless Power
Transfer: WPT) {ZE XK B 8 HL0H 72 NHE R E ~DIE
BEfibfa IS S TEY, WPT OEXENREEHDH-0H
ZIEm Q flie LC HRas v Bk D, kHz~MHz #5 WPT
A Q A LC RSO ERIZIL, Fexr BHBLIE
J& i F & i {35 (Rare-Earth Ba2Cu30y: REBCO)#it44 %
A= QI REBCO A /L1, RNTRL T4 g4 2k &
BT RS ELLRA.

FIT, ARFFECIIBIE R L= T2 MEL, & Q
REBCO =AWV R T H2ET WPT i Q a5 Le 4
BasAEE 5.

2. LC #£iRFBOHKE

Fig.1(a)lZ LC HRZROMIEL . REBCO A /LI TE
250 mm, #RHEEEEE 4.5 mm, HEE 12 mm, $5% 9.5 m DAN
ATNARIETHH. =, REBCO AN LaF 4O,
g 12 mm, #2495 120 mm(r OV —R#E iz, a7
CHICECEAT E R = T o & v (Fig (b)), BRI
25x25x1.5 mm, FHEAITL 25x25%0.5 mm TH5. LC iR
OFFITIE, EWRTERER I —# CST studio & V-,
arF Y OREREREALEROYER, V—RHEOHE
=, BBAOBEIEHSEA ST SO ZTLC RSO E 1k
B D Ial—a 170, LC RSO Q A F L
7= 0 Q M5, & Q BEHM LC HERAEBTA-D
B o T A RO E R R LGRS A E L

Vial—ialOfE R, BEH LC HRESRK Q |
(8533)Z 135N A EMOMBERIT 1.0x10° S/m LAk, U—F#
OEFEIRT 1.0x10° S/m BL L, FEEOFEEIEET 1.0x10°
LLTFCHAZER Tz, SOEELEN 5.0<108 S/im(@77
K)Toh7=8, BEHICHEZ O THIRRD Q EAELNLD.
— 7, U—=F#R oS E R0 EIaT e bini-g,
i JE 3 ] REBCO #44 (REBCO #7555 9.0 10" S/m[1])%
WA, FFEEIZIIY 7 AT (FEEE@TT K:1.0x107)% H
WAHZETHRR Q LN,

3. BiGE LC HIRBOAIE

ALz F o4k REBCO = /0( H O AR B
9.13 MHz, Q fE(HIE): 16065)ZH#4E Li-# 5l LC H4ELR
FERLLBIE 21T o712, 85 LC HIRSHIRAEZER(TT K)
ICE-THRHAIL-. BEH LC 4B O Q iRy o —27
FFAFEBNTHIEL.

Fig.2 IZHBEHITY 7 7 AT (FEEHE@TT K:1.0x107)EH
VAIRFBEFE@T7 K:6.0<10HY% AW 0OBEE LC
ROV I —ar RUMIED Q fEEt= A iilk
O TIv sy 7 oY CaZrOs(# 8 E# @300 K:
1021074kl L8 LC R0 Q (@) &4, iR
JEM (2.2 MH2)IE 2 TRICIZ/ARA IS HE B Y A A 2%
L= BRI 77472 Vo5 Le HERO
Q HENE)E 7963 2720, v 3al—iard Q {#H(8533)173F
VMRS, ZOfE, 8 LC HIRZROMNE Q fH (406)
SEEIRLTHY 20 f5(79630ZHENM L., @ Q {EEEE LC LR
BAEHLE, £, RUAIFEFRAWEEESO Q EAEE)L
1568 T, A Q i REBCO =110 /1(Q i 160635)% i

FEHTERRNWZERBHLNE T

4. F&0

AFZECIE, &EEM REBCO M2 HWEE Q |
REBCO =AML T4 iR kLA BIRIR k=5
Y OREETTo. e, (ERLEBERE 2T %
% Q i REBCO A /L ZHERE L= R LC IREFORIE Q
f(7963)1 %4 LC AR EH406)DH) 20 (5L, & Q s
HLC SRR EBIL:.

BE

1. N. Sekiya et al.. IEEE Trans. Superconductivity.. vol. 27, no.
4, 6602005, June 2017

2. N. Sekiya et al., IEEE Trans. Superconductivity.. vol. 33, no.
3. 6601206, April 2023

Lead Wire Capacitor

Dielectric
Material

Electrode

Lead Wire

REBCO Caoil

Fig.1 Schematic of (a)L.C Resonator and (b) Capacitor

%% Simulation
i Measurement

(f: 22 MHz)

10000
- S i il

8000 | L7963 T
L 6000 ... f 4
= L :
!
7 I
Sa000 L.

.117) 1| J —

4% N 406

S NN =

Sapphire  Polyimide CaZrO,
(77 K) (77 K) (300 K)

Fig.2 Q-factors of L.C resonators with different
dielectric materials
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Evaluation of current distribution in a kA-class SMES cable with parallel winding configuration
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1. [ZL®IZ e

2 1 3INETIC, =RAX RS RE S B T o AT O—Ehi%, AU —T HF I —WFFE B AL T 2EF7E )
— 7L (SMES &r—7 W) 22 R U CEY, BhE%AHND RO UNCHSERR S HiBh4: (JP25K01219, JP24H00320) (12X
—TNEOLOPHBEMRE=RAF—OBLWHAED  SBIREHR TTobOTHS,
FRIBIZEMCEAZLERLTEREN, —JF, EHBEEAIIC S
BOTITHED REBCO M ELIUTL TRABIULOERA (1 K Higashikawa et al.. SUST 37 (2024) 115015.
BRERRTDHIEPAAIRERDD, —ITIIFBIED 2] K. Higashikawa et al., IEEE TAS 35 (2025) 4802305.
BRI oA Z 07 ADIEL S E I > TER A%
STECTAETRG T, ZhNERAE BOME~0O EREET — Winding: 8 parallel x 33 tumns [N
L h, T TAMZE T, WHPERICE > TERL kA ——— e
# SMES 7—7 AMRIEHBELT, RS LOBHEAE [l

FBEEBI, ZORMBEMEAENE , BRI 7 74 '
CARBRATINCE 2 D BEW ST, W e ddboly
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Fig.1Magnetic separation for iron sand removal from soils.
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Fig4 Proposed flow for volume reduction of contaminated soil.
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Fig. 1 Testable environment areas in the new testing systems.
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Fig. 2 Hydrogen explosion-proof experimental laboratory.
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Fig. 1 Stress-strain curves of SUS316L obtained at 20 and 293 K.

Table 1 Summary of the testing machines installed at NIMS.

Name of Test Temp. | Test machine
No testing machine Pressure Environment 1K capacity Test items
[Single type]
Tensile test, Fracture toughness test,
Fatigue crack growth test
Liquefied hydrogen i M
Atmospheric Liquefiad helium Load/strain-controlled fatigue test
1 | pressure cry i ;pheric pressure 4 ~ 353 +200 kN [
: S Multi 1
testing machine Hydrogen gas y ‘I'snl:::tast
Hefum gas Up to 6 consecutive tests can be performed.
- Fracture toughness test
Up to 3 consecutive tests can be performed.
2 High- Tensile test, Fracture toughness test,
gn-pressure Fatigue crack growth test
|| cryogenic testing | Atmaspheric pressure~10 MPa | 1% o S100kN |09 g
3 maching Load/strain-controlled fatigue test
Hollow test pigces i
- Inner hollow space: " 'nm hoilow::laoe.
Atmospheric pressure~120 MPa| 1L gas 20 ~ 353 Hollow test pieces:
£ e - Outside of hollow test piece: Tensile test
Cryogenic testing Outskdo of m fa#4 place: Helium gas Load/strain-controlled fatigue test
4 | machine for hollow Atmospheric pressure +100 kN
test pieces :
grooolt - Outside of hollow test piece: QT.M:-:?"W;&M gt
oad/strain-con e
- Outside of smoath test piece: m‘:‘;““’ hydrogen
Atmospheric pressure I-hlmms;na:
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Fig. 1 Numerical analysis model with N turns of conductors

located inside one of iron core slots in armature.

Table 1  Specifications of 4 conductors.
Number of strands : 7 19 37
Ny
Diameter of strand 0.812 0255 0.143  0.101
2r; (mm) (20AWG)  (30AWG)  (35AWG)  (38AWG)
Diameter of 0.812 0.812 0812 0.812
conductor 21y, (mm) (20AWG)  (20AWG)  (20AWG)  (20AWG)
Volume fraction of 1000, 69,09  58.9%  57.2%
strands ¢
Resistivity of strand
0.167 0.167 0.167 0.167
ps (nQ'm)
Characteristic
D) 0.257 2.60 8.27 16.6
Applied current I, 20 20 20 2
(A)
T T T T r rr (! T T T T T I'YU T
v/
H  [stturn ;' ’
® 2ndtumn ‘,’ ,‘
¢ 3rdturn b |
1 A 4thtumn A ]
K- ¥ Sthturn ‘,," ' .
= -=---===- Theory (1st turn) ! "’ .
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"] | Theory (5th turn) 7 Rl
g i .
] }" L ]
3 }; ,l, ".
Fiisannv"
0.1 ] S —
10" 10? 10°

Frequency (Hz)

Fig. 2 Comparison between numerical results of losses in 5
turns of 7-strand cables and theoretical curves.
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and laminated superconducting rings
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Theoretical Study of Autonomous Rotation Stability and Ultra—high Speed Start—up Test
of a High Temperature Superconducting Induction/Synchronous Motor
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Fig. 1 Schematic diagram of a squirrel-cage rotor winding.
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Fig. 2 Transition of the operating point on the electrical
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2000

7
1500 synchronous |
Speed
(1800 rpm)

-
o
(=]
o

Rotation speed (rpm)

11"10.27s
—

1
g o
[=]

0 025 050 075 1.00 1.25 150 175
Time (s)

Fig. 3 Experimental result of ultra—high speed start—-up
characteristic of the 20 kW class HTS-1SM (60 Hz, 77 K).

F5100m1  20254F FER AR T B H B A R FE S R &%



1Cp05

gzt (2)

SHBEROERNEMEZBERAL-=KIEFBAZAL:
BEFIMIILOERS RAFIEO T
Evaluation of Current Distribution Characteristics of Armature Coil Using Three Parallel
Conductors Applying Transposition inside the Winding under Three—Phase Current

N WRE ERsEm D), b A, AR R, = bk, B SO, N BSRERER), ERE e (LK)
KAWASAKI Goki (National Institute of Technology, Mivakonojo College), INOUE Tomohiro, KIMURA Yudai, MIURA Shun,

MIYAZAKI Hiroshi (Kyushu Univ.), KAWAGOE Akifumi (Kagoshima Univ.), INAKUMA Masataka (Kyushu Univ.)
E-mail: goki_kawasaki@cc.mivakonojo—nct.ac.jp

1. [XEHIZ

BEVTZEHE > AT LD BT 2 AT TR [F dis 5 o iF
FERHENMIERIITDR TS, ZOVATAKEE - KE
FLAEICLAEEShPNHESNTEY, B T4 1iCX
1,000A Ll EoERAERNROLAL[], 22T, Hx 138
GREAEM 2 AR B LISk I s KB AR bR
o>TWd, ZIETOEIZE->T, 3 KIFFEA TS
NI AT LT, BHET LIz W T — B o hi%
FEH GBI B a2 [2], Ll EEOE—FT
IR A LD AECAM B A 75 ATt
WL 25, 22T, RSN FEO = iBE
BULHEIZ W TERMICHRGEL , ZORRL®E T 5.

2.3 AU 5| BIADERLIEAR

Fig.1 |3 3 AIFEEaA L Oy —Eiia EBL DR
R AR L TWA, ZOF T o br—% o LD R
I3 >OfiEZ v—F(Gr.], Gr.2, Gr.3)THMRENTEY,
EFNENDITN—T IR F— LTS, £, v
TN —FafDi—r¥IZERBT5E, Gl &
Gr.2(Gr.3)DBEERIIT 1 4 2 LipoTWA, FilZ L, AR
THERLE-Y T afnos, v Z N vr—%a L
DGCr.1lix3F—A(T)C.Gr2BIXVGr3i6 54— &7
Nl —FaA DA — 0% 18 Thd, 7ol
I3 Fig. 1 DEETHERRER O3 | /BN Clis( )& A
SN TS, ZORRAR R B RS Lo Tl fady —7e
AR D ER T AZ LR EOFFIE TR IESL TUWA[2],

3. EERAE

Fujikura 80 4mm g REBCO 7—7% T, Fig.1 @
3 AN FE AR OEEAAGRL A FER A DY 7 a OV EERIL
ZHHER ANV ORBEREMEL, B Fa v iTEN
FNI8 =1 DF TN —Faf VT, HHHIL 2 2Dz
ANTHERR S, ZNHOAA NI ANF TSN, 15 cm
O VEI JOICRESN, ZORBRFREHNT
WEREFRP CEAHBEEREIT o7, WHIEROEHRE I
TNAEIInT AR —a VAT HEEPSRE ML,

4 BEBLUER

Fig.2 3L Tablel {2 =B T2 A L DEEALO A 82 L
7 3 A FIE (A )L O & @ T R LD Wi /A | A
) — R AR N FEB LTz, F7=. Table 2 |XEA7IE FIRF
O HH L = OB 2RO RER RO THY,
BT RE DLW, UMaA/LIZE B 158, U=
ANHDERBRBE DAL F I HZ o ANT o A TS TNAIE
EATHFIEDN ST, EHIZ, VR W D=z Ll
DOWEALF I Z L AZDNTHIRAIZL > THESTWAIE
T, SARRERCB O THEE RS B R i EB SR
TEFEZBND, LoT, BHEF LER TS ER#
FaA N OIEVARRIZ ZHER VB TLE S TH
HIEmshis, Y Bi, A VEORBEALE 7R

U-Coil

-Coil

w

Transposition inside the winding (TW)
Fig.1 Optimal transposition configuration of the three—

strand parallel conductors.

Table 1 Comparison of current distribution of with and
without transposition.

I h I
With Trans. 324 33.2 34.4
Without Trans. 62.1 24.92 13.1

Table 2 Comparison of current distribution of Single—
phase and Three—phase

I Iz &
Single-phase 34.6 32.6 32.7
Three-phase 32.4 33.2 344
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AC inductive excitation tests of REBCO assembled conductors in liquid hydrogen (4)
—-Liquid hydrogen test results—
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1. Introduction

Rare-earth based cuprate superconductors (REBa:Cus0O,.
REI23) are promising candidates for superconducting
applications, such as superconducting cables and high-field
electromagnets, operated at 77 K. Furthermore, the
microstructure of RE123 materials plays a crucial role in
enhancing its superconducting performance, particularly the
critical current density (J:). To achieve high J. the RE123
superconductor grains must be biaxially aligned and densified
to overcome weak links at grain boundaries in RE123 materials
[1.2].

One potential approach for improving grain alignment is
the use of magnetic fields during the slip-casting process. In
order to simultanecously align the easy and hard axes of
magnetization. a biaxial grain-orientation technique using a
modulated rotating magnetic field (MRF) has been devised
[3.4]. In our previous study, our group successfully achieved
the biaxial alignment of DyBa:CusO, (v ~ 7. Dyl23) grains
using a Linear-drive type modulated rotating magnetic field
(LDT-MRF) equipment with a magnet array capable of
generating a static field (SF) of 0.9 T and a rotating field (RF)
of 0.8 T [5]. To further enhance the degree of grain orientation
in Dy123. particularly at different positions within the magnet
array, we are now investigating the effects of using magnet
arrays with varying widths and position parallel to the width
direction ( Y-axis).

2. Experimental method

The conventional solid-state reaction was used to prepare
Dy123 polycrystals. For magnetic alignment, the polycrystals
were pulverized into fine powders in an agate mortar. The
powders were mixed with epoxy resin at a weight ratio of 1: 10
(powder: resin) and placed inside the magnet array. The sample
was then magnetically aligned using LDT-MRF system for
over 12 hours at room temperature, during which the epoxy
resin mixture fully cured. The dimension of the magnetically
aligned powder sample is 5 mm*>5 mm"»2 mm". The powder
sample remained stationary in the LDT-MRF system. and the
magnet array underwent linear reciprocating motion, applying
alternating magnetic fields of SF and RF to the sample. After
the magnetic alignment of the sample, (103) pole figure
measurement was conducted for the bottom surface of the
powder sample (//ab-plane).

3. Results and discussion

To investigate the effect of the width of magnet array and
the sample position along the Y-axis of the array on the degree
of grain orientation in the Dy123 powder sample. we utilized
three versions of magnet arrays: Magnet Array Version-A,
Version-B, and Version-C. Figure la shows the schematic of
magnet array design. The three magnet arrays differed in two
key parameters: the width of the magnets (W) and the air gap
between the top and bottom array (G). Figure 1b shows the
(103) pole figure of magnetically aligned Dy123 powder
sample with version-C (#W=48 mm and G=8 mm) at A=0 mm.
Y=15 mm, measured from the bottom surface. The pole figure
plot shows four-fold symmetric spots. The presence of these
discrete peaks indicates the biaxial alignment of the Dy123
grains. The svymmetry of the peaks means that the a-axis/b-axis
of Dy123 grain is aligned parallel to X-axis/Y-axis of Figure la

and the c-axis is aligned parallel to Z-axis. The measured full
width at half maximum (FWHM) of the spots was A®=9° in
the rotational direction. The narrow FWHM values reinforce
the high quality of grain alignment achieved through the
LDT-MRF method.

Furthermore, the inclination angle. that is the translation of
the spots from A¥Y=45°, was found to be Omeiined =4°. In our
previous studies using magnet array Version-A (#=20 mm and
(=10 mm) for sample position X=0 mm, ¥=3.5 mm. we found
Olnctined = 6° |_5]. The variation in Opuelined reflects the SenSili\-’il_\"
of grain alignment due to the magnet array geometry. A
relatively smaller inclination angle, as observed with
Version-C (Ometined = 4°). indicates a more precise biaxial
orientation of Dy123 grains compared to Version-A (Omciined =
6°). This suggests that the width of the magnet array
significantly influences the uniformity of MRF and
effectiveness of magnetic alignment across the sample. notably
along the Y-axis. The detailed results on how the width of each
magnet array affects the degree of grain orientation in the
Dy123 samples will be shown in the poster presentation.

(a)

Q 120 7500.0

8888888838888

210 150

180

Figure 1. (a) The schematic of magnet array. (b) (103) Pole
figure of bottom surface of magnetically aligned Dy123
sample.
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Fig. 1 (a) Appearance and (b) schematic drawing of the
sample set up for measurement of current transfer
between the REBCO tapes. Deterioration was
introduced near the V2 terminal.

Fig. 2 Current dependence of voltages between
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Fig. 1 Cross—sectional SEM of laser—scribed REBCO tape.
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Fig. 2 Cross—sectional SEM of laser—scribed REBCO tape.
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Development of an event-triggering system for

quench precursor’ detection using

statistical logics in FPGA
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Fig. 1: Training summary of MBXF. Only the 1st

thermal-cycle data are shown.
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Fig. 2: Real-time data processing of T and F tests im-
plemented in the FPGA logic.
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Performance evaluation of CuFe;xAlxO; as a 4 K regenerator material using a GM cryocooler
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Fig. 1. Specific heat characteristics of CuFeixAlO2, Pb and
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Fig. 2. Photo of synthesized CuFe1.xAlxOz grains and schematic
of the second-stage regenerator configuration.
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Table 1 Specifications of REBCO wire
(Fujikura, FESC-SCHO4-FPI, Je=106 A)

Width (mm) 4.0
Thickness (mm) 0.11
Substrate Hastelloy. 50 pum

Stabilizer Copper. 20 um per side

.

Fig.1 Photograph of test sample
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g
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Fig.2 Results and analysis of inductive excitation test (2 Hz)
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AC inductive excitation tests of REBCO assembled conductors in liquid hydrogen (2)
-Single layer conductor mock coil—
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Table 1 Specifications of REBCO wires
(Fujikura Ltd, FESC-SCHO04-HPI. /c=106 A)

Width (mm) 4.0
Thickness (mm) 0.11
Substrate Hastelloy. 50 pum

Stabilizer Copper. 20 um per side
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Fig.2 Inductive excitation test result (0.5 Hz)
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AC inductive excitation tests of REBCO assembled conductors in liquid hydrogen (3)
—Liquid nitrogen test results—
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Table 1 Specifications of HTS wires (SuperPower)
Width (mm) 4.0
Thickness (mm)  0.07
lc@7TK. s.f.(A) 128

Table 2 Specifications of assembled conductor

Layer Material 0.D. (mm) Pitch (mm)
Former Cupper strand 8.6
Cushion Kraft paper 9.1
HTS REBCO 9.4 23
Protection  Kraft paper 10.2
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Fig.2 Inductive excitation test result (0.5 Hz)
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1. [XLE®HIZ Table 1. Motor specifications
MR, Za—s30AERe LCC O 2 |2 L0 2o b it & ik . Rated power output 2 MW

BORMS RIATA TS, ZHUSEED, BT IckHiR=E Rated rotational speed | 5000 rpm

A ZPEH IR 2030 AEFETITREIEMT D RAHLTHY, Rated frequency | 166.7 Hz

Z ORI OB LR > TS, FRIZ, TSRO T I b . Number of poles 14

A D EO—2LENTNDH, FEEE EHIF OB A0 Number of slots L2

b, BB HE— 2O/ D FEELS R K THH, Opieraling temperature | 20K
ARFZE Tl BRI ARG . TR 7 B &4 |- Outerdiamstor of stgtor | 416 mm

FALT RIS — & OREFHR AT, GER IS R B S et e

Bl AL ARB TN, W TERBOm ;o

PREHL - LB TEEGERORIBSETONTE, | oy ol e

L, [EldnfE EToMREHER T ETA RN 2 <, &bk 'ﬁ[ Outer diameter | 260 mm

HiEEMER LoH AT AL RHEN TS, 22T [ Magnet thickness o

AWFZE I, TR Sk ARG &, TERS (0% 8 E A i | Back yoke | 50A1000

ETHHEIEICL, IMAG Designer (ZEDfHT 2 HWTZOH | Back yoke width | 46mm

AR5, | Rated winding current density | 100 A/mm’

Rated current 210 A
2. BREt A Number of turns | 100

ARFZETIE, Sz~ A EEL, 2 MW-5000 rpm
DRI —2 2R Gt G o7 5, MadiE, B ARG,
B IS B A VAR E LAl TS,

e 4 L5, A ST 8 TA TR Je IR )
HTEAL—F, Af LT REORENVIN — R4 7 B EE
FTAHRD, IbEEZRLUTRER A FoAELTHEALENL

F7-, MEEEM AR OERE A ER TELHEETR
L, B RRO KEFICIERE B 7 FRP S0k
ZHOWDZEEHEEAR AL, R EROEBER->THA,
ZOMh, EARFEFHHEHEILL T O@ THD,

TR B OTE R FEIE 100 A/mm*k L, 20 K TO
R AARE,

e AR B A O IRE B 924y EA ey s (Ra v MY 27)
AL,

GIAF AF P AAR—2EL T, BEETEBEETIZ 20
mm LA DA — A5,

71 2 MW &5 R Lo, D& O R(bARREHH
B,
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PLEDFEREY, 5%ITHNE N Lo o5k~
FA—ZOIECRRTHIMA ., o ERREE - R FEED
RERARFEMI A | iRk EH R b A A T E TH S,
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[1] Y. Terao. et al. 2020 AIAA/IEEE Electric Aircraft
Technologies Symposium (EATS). New Orleans, LA, USA,
2020, pp. 79-86.
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Fig. 1 Schematic diagram of a superconducting motor
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Influence of Eddy Currents on AC Loss Measurement by Applying a Rotating Magnetic Field
to a Superconductor Coil
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Fig. 4 Comparison of measurement waveforms (90 Hz)
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Current Distribution Characteristics in Armature Racetrack Coils Composed of Four
REBCO-Parallel Conductors under Magnetic Field Environment of a Synchronous Motor.
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Table. 1 Specifications of armature coils and field magnet

Parameter Characteristic/Value

Coil configuration Racetrack coil

Winding method Double-pancake winding
ber of parallel Cond 3

Number of double-f ke for one coil 1

Total turn number 4~32

Armature inter-phase distance 150 mm

Air gap length 15 mm

Surface magnetic field of the field 040T

Magnetic field from the field on the armature surface 0.17T

[%]

Current Distribution

Current Distribution [%]

U

Layer IH‘\UZ
(N=4 ~32)

Layer N

Fig. | Layout of armature and field magnet and
transposition configuration of the three-strand

parallel conductor
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Fig. 2 Analytical results of the dependence of the current
distribution ratio at a frequency of 200 Hz
with rotor and without rotor

(a)without transposition (b)with transposition.
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Fig. 1. Designed 20 MW-class HTS-ISM
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Fig. 2. Loss in superconducting rotor bars ( # : angle between
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magnetization distance in two models.
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Fig.1 [-V characteristics of PND (830V60T) with tri-
angular wave current at various temperatures (Ipmax =
30A Vigu = 600V) .
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Fig.2 [-V characteristics of SBD (SG20JC6M) with
triangular wave current at various temperatures
(Irmax = 20 A Vg =60V) .
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with triangular wave current at various temperatures
(Jpmax = 24 A Vigrjpss =30V Vgs =5V) .

90 f ! =
80— 0
70 1 200K F— e
— 60 T T RT —
=50 ! ;oo
<40:
30;:.__._ ._ = = - _..,__i L=
20 5 ra LN,
10 | & B

0‘._.
0.0 0.5 1.0 1.5 2.0 2.5

Ve [V]
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Fig.1 Cross-sectional view of a rectangular channel separator.
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Fig.2 Cross-sectional view of a circular channel separator.
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Table 1. Specification of REBCO pancake coil

REBCO thickness 20 um
REBCO width 6.00 mm
Index-n value 17.86
Critical current 76.89 A

Critical current density 6.407¢8 A/m?
1.5 = .

= — Simulation

E 1 O Measurement

G

>

0 20 40 60 80
Current (A)

Fig. 1. REBCO double pancake current-voltage curve
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Fig. 2 Current and voltage characteristics of non-insulated

coils during local normal conduction.
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Fig. 4. Current distribution of
REBCO (radial direction)

Fig. 3. Current
distribution of Cu layer

Table 2. Number of cores and calculation time
Number of cores Calculation time(hour)
24 9 88
64 3.46
128 2.72
SE

1. J. Lee, et al.: IEEE Trans. Appl. Supercond. Vol. 33 (2023)
p.1-4
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Fabrication of superconducting joints connecting REBCO tapes using YbBCO intermediate layer
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Fig. 1 Surface XRD patterns of FF-MOD processed

YbBCO thin films on YBCO tapes sintered under various
temperatures.
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Fig. 2 Temperature dependence of the joint resistivity
between YBCO tapes via YbBCO intermediate layer.
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2. EBA®

FEX 1 m o7225% EuBCO #i# (SAZ2E L@/,
FESC-S04)% 1 #—rOn— kil $URHEE4 HBEL-
SRER A RO T TR LT, 7V PIzit EuBCO bt
(FESC-S12)%& R, {4 R ML T L@ i g
OFMIZ, FEREEL T TEP 1 EuBCO ¥R Ll (L5t
L MOD #if% (Eu:Ba:Cu = 1:2:3) L2 IRGLIEAT)—4&i
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Fig. 1 Structure of a loop joint sample
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Fig. 2 A SEM image of cross section of a joint layer
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Fig. 3 Current decay measurement using a closed—loop sample
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1. I

AERETRD REBa:Cus0, (REBCO, RE = rare earth) #8
B~ 7 7oy ORI T BB OB SR B 36 23k
ATWB[1], Fxld, BEE~7 Ry MIERELDLT VRS
ASYMEEOBEEHGAHEL T, 7Y 77 EuBCO AT
B AV ORI OB R ITHW LA TS, AT
T4 REBCO #7KE MOD Sl AR A LTZ AT — %~ T
MEICERBEEMN-TS, CAETIC, IHEEEERT
77K T31A (1 pV 3 ORRRER (L) 27 EEsE
fea R LIZ[2]), ZoOmERENS 77 K TOEEHULEE
ENFHOO, KAGEFREEEICSLER 1072 Q LLTFoEHT
FIESHTOiely, FICARS Tk, 312 CEREN -
WiEEEELD | F—r OB —T7 3k 2 > TR E
BIEATTU, BERAETT (Ry) “PHEREE SO (1) ZRFlL
T BRIz HONTHIET S,

2. EBFE

1 &RDO7 258 EuBCO N TEY AV#EH (4 mm &, Cu
fReERER L) OmiEEBERERLZ 1 Z—r 0L —7
BTz, L—T7EZRIZ 100mm, HEAFIH A (L)
13047 pH Th -7, NIMS O R FEZEE[B)ICEY 4K X
O 77K CHERBENEE{ T, v—7 ORI RE L
FAmANERNTA—T B (hoop) ZAREHIZEEL . Hoop D
BT (Toop—t) 372, 350040005 (23115 loop—t
% lioop(t) = Roop(0)exp(—Rit/L) {27 4T 4227 LT R ZFAlL
Too F2L hoop—t DOIERIEIE V) = —L(Ahoop/Ar) % 0.5-
2 108V OFEHTHEL, BEILLE 1. = 108V O 14 %7
flEL7=[4], fERL= 3 3O 4K BEMETO 14 & R %
Table 1 {Z7R T, SN BESIEERE O A (ZHIINL 7=,

3RLEE

3RELD 4 K B CRES S BT A IR E RS % Fig, 1
(R, Bz AL @B HE (ICC: injection coil current) [ZJ
STHEEEND hoop ZHBLT. WTHORETLEROR
FEAVINEL, Table 1 {ZA358Y R MEWZED O, 1B
EMEGNBR SN TWAZ LD b)oTz, RIS TER
SERTH LH2 XFIRREED 14 & R ZRL, HEMICERLZL
Wbinotc, ERIGHAREL-#3 1IZIVEW I 2R,

B S E A IEL T~ #1 S43 0 4K 2B D
I ORESIRAFMEA Fig. 2 (R, BE8% 0, 0.02, 0.05, 0.1 T
EHEINEA, ZO%RERIZE ST, #1, 43 EHIZ [ DEA
TV APBRIES T, @ Z M ThHZLITH KL T
R OISR ANHE THHIENRBENT,
HEr

AMFFED — T, ISTAREH S AIEF EIPMIMINITA2E
FURFE22K14482 D S Z b O T,

Table 1 /;j and R; at 4 K and self-field for three samples used in
this study. R; was obtained by fitting floop—t at 35004000 s.

Sample I (A) @4 K. s.f. R () @4 K, s.f.
#1 63 1.7 x 1075 (62 A)
#2 635 1.8 x 107 (64 A)
1.7x10712(92 A)
= i 8.9 x 10" (81 A)
Fitting
J ' ! v T ; T T T
100 Q N §
90F | #3,1CC0.50A N 1
< L
$80r [|"#3/1cC040A T 1
70 P i
| |_#2,1CC0.35A P
60 | #1,I1CC0.35A L .
o 1 2 _ 3 4 5

t/103s

Fig. 1 Time dependence of loop current (foop—f) for three
samples at 4 K and self-field. Data points at 3500-4000 s are
used for fitting to obtain R;. (ICC: injection coil current)
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Fig. 2 Magnetic ficld dependence of I for #1 and #3 at 4 K.
Magnetic field was increased from 0 to 0.1 T and then decreased.
l5 in magnetic fields showed the hysteresis.
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Fig.1 Electrical circuit diagram of joint test specimen.
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Fig.2 Procedure for energizing the loop of the joint test specimen.
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Fig.3 A joint test result of a NbTi-joint sample.
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AR HFRAE D LS TE DB F LD
FUOREIZIE, — R TISRR I S L o=
AR N MBELT 5, 2 TR TR RS TR
LA 1 AANTGA—H L REBCO #4404 8 22 e (b g [ oo 3
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3. EBRHER-BER

Fig. 1 12 Cu-Cu #8512 BU DA FE OB T — 4 (389
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NEERTHESRMEEET VMBS TL (£, P)=
(1200 Jem?2 168 W), (1000 J/em?, 186 W) 2 ki T
AEHL=10 mm) Z{ERL7=, ZASOEORIER % Fig.
LHZAEE Ty NCRT, HERET2 2T oA ER L
2, W ROEETLIR TR BEE THS 12 nQem? 2
DA EAELNTEY, SMEN R IEHEE 2 m ks
ETEHTE,

Wiz, EF VR EEAT- IR EL T — Iz T
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pi(E,P) = up)=pprr (1)

BLU600J/em? Ll _EosEfEIE A B Gl Tz, ZOREE,
R WF — 2RI RO T SRR LT,
BEE: AMFZEIE. IST[A—ray MBS F %]
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Fig. 1 Comparison of the prediction curve using the
analytical model and the measured results (open symbols).
The measured results, ranging from 9.8 to 15.4 nQcm?, were
obtained compared to the target value of 12 nQem?.
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Fig. 2 Model curves were obtained from data between 100
and 600 J/em? at 89, 200 W (closed symbols). The model
curves reproduce the experimental data (open symbols)
well, including data that was not used in the modeling.
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BRI HociThiu Ty,

F TR, AR O EM A EMEICT A8
A7 Et e LT, SR O A 8 35 L UMES % OB R
BEOE DA PRI RIT T A ERAIFE L.

2. REERAREEBRA

BEARENT, REBCO #41 (SCS4050-AP, SuperPower) [Al+
FAYIAFE (100 um) ZTLTER, HIEEREIET T 100
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; e
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Fig. 2 Normalized joint resistivity of REBCO lap joints as a
function of elapsed time after sample fabrication.
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Table.l Specifications of the HTS magnet
Critical Current [A] 606(@10K)
Inner diameter [mm] 130

Number of turns 62, 68, 85, 165, 165
Height [mm] 10.2

Fig.l HTS magnet configuration
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Fig.2 Superconducting resistance of the upper coil of
#1-2Coil in Fig.1
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Fig.3 Analysis and experimental results of the shielding
current magnetic field
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Evaluation of superconducting and thermal characteristics of dry-wound REBCO pancake coils
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KOYANAGI Kei, OTANI Yasumi, MAJIMA Amane, UTO Tatsuro, SHITAKA Tetsuya, INATOMI Takanari,
TOSAKA Taizo, ITO Toshinobu (TOSHIBA Energy Systems & Solutions Corporation);
SHIMOYAMA Sadao, UCHIDA Kenya (TOSHIBA Corporation)

E-mail: kei.koyanagi@toshiba.co.jp
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TagLe T Specrrications oF REBCO coiL.

Parameter Quantity
Coil inner diameter 100 mm
Coil outer diameter 175 mm

Number of pancake coils 2

Coil height 8.4 mm
REBCO tape width 3.1 mm
REBCO tape thickness 0.15 mm
Number of turns 444

Total length of REBCO tapes 192 m
Inductance 8.9 mH

——p————

REBCO pancake coil ; -----

e—m———

{1 AT
==

]

thermoplastic resin

Fig.1 Schematic view of the dry-wound REBCO coil.
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Fig.2 Thermal resistance of the coil evaluated from
temperature measurements before and after heat cycle.
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Effect of Kapton insulation on thermal runaway of REBCO 3 turn coils cooled with liquid
hydrogen/nitrogen

AMETE, # A ITEI(NIFS); KBIER(BIPEEFEKR) : A HHEZ REBR) A AR S ORBKR) /RSB (JAXA)
IMAGAWA Shinsaku. HAMAGUCHI Shinji (NIFS): OHYA Masayoshi (Kwansei Gakuin Univ.):
SHIRAI Yasuyuki (Kyoto Univ.): IWAMOTO Akifumi (Osaka Univ.);: KOBAYASHI Hiroaki (JAXA)
E-mail: imagawa@nifs.ac.jp
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V1

4 V2 (damaged part)
REBCO
Z
I J\Tcz
V3 1527

Fig. 1. Sensors of a sample SIR4 (REBCO and Cu tape). TC2 is
a type T thermocouple which is attached to Cu tape with solder.
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REBCO coil (3 tumn

Current lead Kapton® tape (25 um) gensor

Nomex® tape.'. 'O .'. cable

H

Damaged |

part | © 0|

(2nd turn) 5 R81

\cu tape

REBCO (0.2 mm)
SuperPower® SCS4050-AP
(0.05 mm thick Cu layer x 2)

Thermal anchor of thermocouples <Cross-section of REBCO coil>
Fig. 2. Photo (left) and a sketch of the cross-section (right) of
S1R4 coil.
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Fig. 3. Thermal runaway of S1 with and without Kapton

insulation at the wetted surface in liquid nitrogen.
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Fig. 4. Thermal runaway of S1 with and without Kapton
insulation at the wetted surface in liquid hydrogen.
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Fundamental research on quench detection method for a REBCO tape
using a NbsAl ultrafine wire

g 18, T BRCAER); #EE Jt, ith FEL(NIMS) 5 #&T FF| (LK)
ITO Satoshi, CHIKURA Haruto, HASHIZUME Hidetoshi (Tohoku Univ.); NISHIJIMA Gen, KIKUCHI Akihiro (NIMS)
E-mail: satoshi.ito.e3@tohoku.ac.jp

1. [FL&HIZ

REBCO mANd 7 rFiHFiELLT, [KIBB{EEMR
MErxoFiiter L THERT5HERREL TEY,
JFERRIEE LT, ZRETNLTi B2 HWT, fE{E~U A
RETREMETR, K 9 T O T T, ik -MI-NI O&FE
REBCO =A/L-7 x> F i EB 3 LU ARIT I i
ATER[], AFETIE, LRSS ICARFEREH 57

|2, NbsAl WEfllR#f (2127 = F 42T, Rt
FALEEFE> REBCO ##MIZ#E L, A~ Nz A
BRI R 14 T OBES FloB W Ty F R 25
iU 7=k a5,

2. EBAE

EEY 7 L LTS 4 mm O8% E{LE % REBCO ##t
F (SuperPower #Hi, SCS4050-AP) #H iz, 70 F %3
FEXE AT, REBCO 8 I1ZIXEE 1.2 mm OAT L2
AT L AT CTRITS L (AR ER o KT
AL, ZHUCHL, £, 7L ABMFES REBCO #i44
DG RE Ie B LT e UL EOBEFENINEOHBEE 77K,
B OB TRl L7z, SV T, Z0mBRa R CHEMHL
REBCO ##f 20 @R L, 2T Fig. 1 X912 Nb3Al
EroH (U 0.05 mm ORI NbsAl 707 A R2]) AL,
REBCO #bf o7 o it 25k & WAL K2 & @RI 28
AT B 8 S B B B A B R FE 2 o ¥ — DB R ~ 7 o b
15T-SM & HWTER L=, Nb:Al 240 Ic OBGRTE
[EHLNLHFHL THY, REETIL, BV OARNERE
H T A2 TR I ARIREE Tes A3 EL (B0
Tes IZETHEEAICEER EHL, REBCO ##Honr=
CFOTFIRERH TEXLFETHD),

3. HERLER

Fig. 2 {2 REBCO #5464 0 J5 T 25 {5 A B o0 o 11 2 LS
1t Ic (RIATELER % T HRITO B BT lco THRIEELT
Ie) BI OO BAFRMEE R T, 100 kef L EOWEE 525
CIRETAINZ Je = 0 A ZFEBRTHINRTE, ZRLAEOR BN
REWVNILIMB K EXRDIENRENT, Fig. 3 |2/=F
R EBROMIZRT, REBCO ## Odfiia Fif Tui@fe
T, NbsAl B OEER EH LTS, §785 REBCO #
Mosx T (OTFIRO) BHEATETWAZEN DD, Fig.
4 |[ZNb:sAl YD Tes & 10K THEELZBEOZ = F il
s> REBCO S8 OB HEA 7R3, Tes BRICE G, RUXA
T TIRFRIBENDETHEL TV, REBCO #61
DOFZECEOMEIRPIORBEEEEZ DL, —EOFRE
BIZESRLZATI/ZUFRIHLTWAEEZLNS, EER
FElz ko TiE, 7= F O EED ESEA
SWEASLHY, FERATEMCOILIEA T, BtiEn
K FEEZL TV TETHS,

BE

1. S. Hasegawa. et al.: IEEE Trans. Appl. Supercond.. Vol. 34
(2024) Art. no. 3801110

2. A. Kikuchi et al.: I[EEE Trans. Appl. Supercond.. Vol. 31,
(2021) Art. no. 6000105
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HMKGE-0201) (2 CERSI-bL DT,

REBCO tape
Current lead for REBCO tape

Palyimide tape
Fig. 1 Test section for quench detection experiments.

£ 12 &0
§ 1.0 t_' ® Jclico I * 50 -
e ' (1]
g i} 0.8 ~ * h 4 40 %
=206 * 30 %
-5 = & 2
§ 04f.° d20 2
;E - : * | * Resistancel—. e 5
2 ol %% o & o o & el0

0 50 100 150 200 250 300 350 400
Applied load (kgf)

Fig. 2 Normalized critical current and resistance of REBCO
tapes as a function of applied load.
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Fig. 3 Example of quench detection experiments, (Magnetic
field: 10 T, Tes of NbsAl sensor: 6 K. Applied load on the
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Electro—Mechanical Characterization of REBCO Tapes in Low and Medium Temperature Range

Using Pulse Current Method
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Fig. 1 Temperature dependence of effective Young's modulus
Eose, in REBCO.
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Fig. 2 Electro-mechanical properties (/-¢. stress-strain) in
REBCO at 50 K measured with pulsed current method.
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Torsion dependence of critical current under tensile load for REBCO tape

Influence of plastic deformation (2)
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Fig.1 Critical current as a function of applied stress.
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Fig.2 Change of stress — strain state when the tape is
rotated from 0 to 180 degree..
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1. Introduction

As a kind of high—-temperature superconductors (HTSs),
iron-based superconductors (IBSs) have great potential for
practical use. Among them, the iron—-based pnictide,
AFEK,FesAss (AF122, AE alkaline earth, commonly Ba or
Sr) is very promising for high—field applications with the form
of superconducting tape or wire. They have high upper critical
magnetic field B."*%0 K) over 80 T, low B. anisotropy is
below 2, and moderate critical temperature 7. approximately
38 K [1]. The critical current density (J.) of IBS tapes has
achieved a significant milestone, surpassing 2.5 X 10° A/cm?
(two times of the practical level 10° A/cm?) at 4.2 K and 10 T,
by Bai,KFe:As: (Bal22) tapes with stainless steel/silver
(SS/Ag) composite sheaths [2]. This remarkable progress was
enabled by severe plastic deformation, which introduces
high—density dislocations and enhances grain coupling.

To analyze the high J mechanism of SS/Ag-sheathed
Bal22 tapes, systematic measurements of transport J. are
necessary. Due to the relatively high critical current £ even
over 20 K, it is difficult to obtain the detailed transport data
over 4.2 K. In this study, we investigated the transport
properties of S5/Ag-sheathed Bal22 tapes using the standard
four-probe method, with a pulsed current measurement
system [3] for the first time. The magnetic field dependence of
J. (J—B) was measured up to 24 T at 0" (8L tape) and various
temperatures.

2. Results and discussions

c@\

Bltape

Critical current density, J, [A/cm?]
50'

cﬂh

5 10 15 20 25
Magnetic field, B [T]

Fig.1 Magnetic field dependence of [ at 10 K, 15 K, 20 K

and 25 K.

(=]

The magnetic field dependence of J. (/~5) was measured
from 10 K to 25 K, and the results are given in Fig. 1. The
experimental results reveal robust flux pinning with weak

magnetic and temperature dependence. At various

temperature, /. reduces gently with increasing high magnetic
field. At 20 K and 11 T, J/ still remains above 10° A/cm?,
demonstrating the potential of SS/Ag-sheathed Bal22 tapes
for advanced applications in high—field environments.

Actually, we measured J-F£ both with increasing and
decreasing magnetic field to examine the magnetic hysteresis
like our previous measurements for Bal22 tapes with other
sheaths. Fig. 1 shows the results at decreasing magnetic field.
The previous samples usually exhibit evident hysteresis, the
difference between . values measured at increasing and
decreasing magnetic field, and the hvsteresis disappears at
high—field approximately 8710 T [4]. Interestingly, things are
completely different for SS/Ag sheathed Bal22 samples. The
hysteresis vanishes as low as only 2 T, and the /. difference is
so small, even easy to be neglected before its disappearance.
As having been explained by J. E. Evetts ef al. [5], the origin
of hysteresis is the existence of weak links at the grain
boundaries. Therefore, the better the grain coupling, the
smaller the hysteresis. The reduced hysteresis of SS/Ag
sheathed Bal22 tapes comparing to other sheathed ones
indicates the improved grain coupling, which weakens the
weak-link behavior. It is the key of /. improvement for Bal22
tapes considering the . leap of S§/Ag sheathed ones.

3. Summary

With the help of pulse current measurement system, we
were able to measure the transport J. of high-performance
SS/Ag sheathed Bal22 tapes at various magnetic fields and
temperatures. The results show strong magnetic field
tolerance and stable performance. Unlike other sheath types,
SS/Ag-sheathed Bal22 tapes show minimal magnetic
hysteresis, indicating better grain coupling and fewer weak
links—key to their superior Jf.
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Fig.1 Nanorods and oxygen vacancy distributions in
REBCO thin films used in TDGL simulations. These
pictures are enlarged portions of a 400=100 calculation
grid. The nanorod diameters are assumed to be 4.5 nm
and 6.0 nm, and the concentrations are assumed to be 4,
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Increase in thickness of co-doped Y123 films by FF-MOD method starting from oxides
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Fig. 1. XRD patterns of (CL.Zr) co-doped Y123 thin films.
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Fig. 3. Je - H curves of (CLLY211) co-doped Y123 thin

films at 40 K.
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Fig.1 Hole concentration p dependence of (a) 7% and (b)
Jet at 77 K for (Y.Ca)BCO CCs.
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Fig.1 Measured (symbols [2]) and calculated
(curves) J. of Bal22 tape as a function of applied
magnetic field along H || ¢ and H || ab. Solid,
dashed, and dot-dashed curves are expected behav-
iors in (1), (2), and (3) mentioned in main text.
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Fig.1 Dilution refrigerator, UDR-1000
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Fig. 1 New analogy difference circuit for the strain gauge:
the resistance and strain measurement system®
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Fig. 2 Oscilloscope waveforms of the SG signal (Vi) and
the SG resistance voltage (V2) of the test experiment
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Quantum phenomena induced by hydrogen entering a superconductor

K, & B, N e, F OMEE, D D LRI, #N fE— COuRRET), filE k(@ LR R)
HAGA Yuto, TAl Zizhou, KOIKE Takeru, SHIGA Masanobu, HASHIZUME Ken-ichi . INAGAKI Yuji. KAWAE Tatsuva,
E-mail: t.kawae.122@m.kyushu-u.ac.jp

1. [XE&IZ
RFBIFERDIE B /D EWH~Y 7 A LA TR VR
FHEERT, PlAEERAIZEAN L KET, Ry
PR —HEN DOIGRLR b o RAAER R & DO RFAIR S 5
WEART Z EREEERE RIS TS, Firlid
IERBEEEPOKED b2 AMEICIER LR ETT-
T, BERSBEEESET D E 7 b I mic B
Fyov 7NHET A0, KFESEBEOEFRLYZT
HHEEMERE ERHT 5 (1.2, ik v iEBmEEE
HOREPTRTERTHIESHE D, HEERENSKE
SETBETFRENDS, HAE R R2AALRIZDNT
IR I Z e~ R B BB T B KT 2 & BRERAYIC I
S TWA[L2], Ll BEEEE L& RA oKk
FORFOIBABENMNIONWTOERNTEITIZTLEAER
W, FIT, HAZInNEWHLNCTEHH, BEEY
a7V UHESIIREFREL DTS, T
a7 Y UEROBL D KREORTFIED B EH S
T&lz, TORE. Patk7y VEBRIKFEOFETK
ELBET B LMD, ZhFAFORTHIZER
THLEEZLNDBA. ELICEREIKELZREL-
PdHx #BIRE TIIAR(T 2 b bRz LY LS
BETHZEERELTHD [5].

F ZCAME TR TR SN S L oo, BREES
2D E&BMNAKFED b RVFEHD BRI HE KT 5 O
o2 LM, FRRICEHPT 2RE 7 A vik
(VW #)e Ak iR 154 O Rk FW R G E A R o
FFHEEILER DT, FOFRIZOVTHET S,

2. EEpFiER L UEREE

EPAEBR TR LE VW EZ2OTHEAT S, K1
AT L ICRE Y A Y&t H Pz, VA ¥IZH
TAFBRORIE L U A ¥ OEAIREE S —E L7,
R A L THFEETHRER ERD[6), 2FED, &
LR OB AZ LSRR 6 T 4 YOREIZH D
BEAMET DLV A TOIERBHITES, A FHN
TARED b RVLT 556, FBEOE-EFRE
HMEERT S Z 2L AEEENBAT D120, B
FREyITREL 2D L FHEND[T), Liohio THEER
e & BAERIEIC R T 5 Z LT, BEimMICERIL
HBEITKB P AABBRTHIET A YHOYVEILK
EL BT ROT, HEOBIEIXIEN S & FHEEND,
F ZTRFEOFEIC L H RO L2 BYT 5,

AEHLBE 005mm @ Nb U1 Y (BEEEBRIRE
Te~9.2K)d5 L OV IR Tk
FWLEE S 27 NbHoo 7 H1
A EHRWE, BSEiER
FO LA ARRRE LT
BESETWDS, E5H
Hix, #EiRSETHRAELE
AT A IREN T A Y
EVIAKR, AVl T
BELEBEA v 4
VT T TR AIAT &
I HETIToTWW5,

1 vw R e

3. EBRER

42 {Z(a)Pure Nb 7 A ¥ & (b)EIRTH L LHKES
Wi & 72 NbHoox 7 A Y iZ L HHE 5 L R
BRONEEEL/QORELEILTH D, TAEN, BiE
MIEIZ X D U A Y N~OREHIEAIC & » TIIBRER
K& BT 5, O Dz tbik+ 5L, BAEE—S
AR IR 13K B AW S E TV DR O MK
B~ 7L TWBIENRS NS, -, BIEEER
HZOWREHTITD O EE T 5L, NbHoo VAV
DI HNELIR 5 TUND, ZALIE NbHo0 VA YD J5 538
{REIRFE TONTEERN KXW LA REL TS, &
ME T Z OOV THIE S B,

754 L

753

frequency[Hz]
on

752 |

751 |

750 L

1023 |

o)l

1021

frequency [Hz]

1019‘ 1 & L 3

T[K]

(4] 2. Nb( )& NbHo oo F)VAYIZHTS
R PR QM DR AL

B Xk

[1] M. Matsumoto and Y. Ohashi, J. Phys. Soc. Jpn. 62, 2088
(1993).

[2] Y. Ohashi and M. Matsumoto. J. Phys. Soc. Ipn. 62. 3532
(1993).

[3] K. Miyakawa et al., Appl. Phys. Exp. 15, 013002 (2022).
[4] Md. S. Islam. er al., .ACS Nano, 16, 14149 (2022).

[5]R. Kato . et al.. am 3CHERG

[6] Y. Inagaki et af.. Appl. Phys. Exp. 8. 095502 (2015).

[7] R. Konig ef al.. Phys. Rev. B51, 11424 (1995).

F5100M1  20254F LRI T B EE AR IE 5 R &



2C-a04

aHH-Pr

EEREERAN-ER - BRBXTIELTE—E2—D
MK LLTFIZEB T2 F T
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Fig. 1 Cross—section of the cryostat setup (left) and temperature
profile during motor operation at 0.75 rpm with an excitation

current of 1170 mA (right).

® Data| 14 & 150mpm
® 225mpm
20 12 L
= §1o
Eis =
@ . ; i + * L [}
] < g
Em 2 . * ' "
F
5 % 2
o 0|
i) 1 7 3 r] 5 06 02 04 06 08 10 12z 14

Frequency f[rpm] AC Current lyme /A
Fig. 2 Frequency dependence of heat dissipation at a constant
excitation current of 1170 mA (left) and current dependence of

heat dissipation at fixed frequencies of 1.50 and 2.25 rpm (right).

551001 202547 RN L BEE AR5 LA



2C-a05

At

BRAZREREICB TSI —ILF A B OB KT

Evaluation of magnetic properties of soft magnetic materials
for magnetic shielding at liquid nitrogen temperature
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Fig. 1 Time change of para concentration.
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Table 1 Analysis results of Power transmission
characteristics of the circular spiral coil and thin solenoidal
coil.

Circular Thin solenoidal coil
spiral coil
Receiving power Pr 50 kW
Resonance Frequency 920 Hz 50 Hz
Self-inductance 23 mH 103.4 mH
Current S1.0A 496 A
AC loss 724W 262W
Iron loss 0w 56.5W
Coil total loss 724 W B27wW
Transmission efficiency between
) 99.7 % 99.7 %
coils
Transmission efficiency between . .
coils with crvocooler 964 % 984 %
Total transmission efficiency 78.8 % 88.0 %
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Fig. 2 Photograph of the scale-down model solenoidal
coils: (a) primary coil, (b) primary coil and secondary coil.

Table 2 Power transmission characteristics of the scale-down
model solenoidal coil.

Experiment Analysis
Primary Secondary Primary Secondary
Receiving power P 400 W
Resonance Frequency 50 Hz
Self-inductance 3.63 mH 362 mH 362 mH
Capacitor 3.11 mF 3.1 mF 311 mF
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Current 26.5A 259A 258A 25.1A
Coil total loss 10.8 W 11.0W .88 W 1.75 W
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Fig. 1 Photograph of the demonstration device.

| Back yoke
(room temperature)
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HTS coil 2 :
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temperature) | : \E U GM cryocooler

(a) Aluminum billet  L-shaped cryostat
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S11. S15: front side
S21, 825: back side

HTS coil 2 Ironcme 515 S25

(b)
I I
® ®
HTS Coil 1 '[ "
™ r
|HTSCoﬂ2i§;)W v,
(c)

Fig. 2 Schematic illustration of HTS magnet used in
demonstration device: (a) Structure of cross section, (b)
Arrangement of strain gauge around HTS coil and (c)
Excitation circuit.
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Fig. 3 Terminal voltage, current, temperature of HTS coils
and revolution speed measured in one—shot heating test.
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Fig. 4 Input power of drive motor in continuous repetitive
heating test.
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Fig. 5 Temperature of HTS coils measured in continuous
repetitive heating test,

Fig. 6 Measured strain in winding of HTS coil in continuous
repetitive heating test.
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EAF) =R Lz E OftE LCHEBL .

3. RERER

Fig. 2 1o, WRAR -V IV THIEITTo AT —%
A L7 REBCO 7 — 71217 % Ra DIRFERIFE R 7T,
M s LT, T4 oltd L, 3L & FLek TRt
L7251 —%%4 LT REBCO 7F— 72 BT 5 R Dild

FERFE AR T, Rl 10K 205 270 K (2201 THFHIC
WAL, ZOffilZ 2.0x10° pQem? 22 5 6.8x10* pQem? 1K
Pl ERAR -, FEEASTHiEL- 2T
Y— b 2T 2 &, 270K 2B 5 RaD3, 1.6x10° 06
6.8x10% uQem? IR L 7z, YHIZ, N ¥ —=L LT
PVDF ML 72 R 5 VU —ICBIT 5 Ry DIRIEHKFIEDH
ERMRICOVTHHET 2 FETH 3,

Current source
Pl
h—y

Voltmeter
W

Cu plate
Solder

REBCO tape

Custage SUS screws REBCO tape Repron taps
coated by PSCCO

Fig.1 Schematic diagram of the sample set up.
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Fig. 2 Temperature dependence of R for REBCO tapes

coated with PSCCO slurry ground using a planetary
ball mill.
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Thermal conductive properties of no-insulation (NI) coils implemented with resistance-controlled

(RC) interfaces
A0 AE, B o, e SRR hA i, &R EIHEEX);
ARBRST, Ah AR, LR ERI, PNE AR
IMANISHI Svouon. TANAKA Yuya. KAWAHATA Mizuho. NAKAMURA Kazuya. TAKAO Tomoaki (Sophia Univ.);
KOBAYASHI Kensuke, Piao Renzhong, YAMAZAKI Toshio. YANAGISAWA Yoshinori (RIKEN)
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L. iItwic

e REBCO =24 /L, 500 A/mm? 282 5 &R
EITE I Cilifis CEA A REMED DS, 2o TiE, B
EMEE Y o F ARl 1) LS A M BN DD, ZOBAND,
intra-Layer No-Insulation (LNI) % & #» No-Insulation (NI)
RO FIEFIEE LT ETHD[1.2], Fex TN FETIZONI
AN DB DA AP A HIE T Do, AT
LARH (stainless-steel: SSY T EALIZ Ay = W HEHT
il il (Resistance-Controlled: RC) M [3]2 2L, D HES
AEEIZ DWW T EFFL TET-[4], A TIE, SS Avi = RC
RHE#M AT NI S 7 A8 ir—F a0 OIS HI S
I2EY, ORI R AL 7=,
2. EBFHE

Fig. | 23 Ny —F oA b O BG S A )
TEOR AT, EE 50 mm, 40 ¥ —> DA L {ERL
VAT a— 7 o (A R T3, RP-062B) @ 2nd A
F—=U\ZEOHT, F BL o AR ER Y RO L5
FE(To). 5-6th Z—A[(T1), 35-36th Z—RI(T)ZEO =,
{21 2t —(Lake Shore Cryotronics Inc) %W\ T, To %
—EICHIEL 2o, S EE e — 2B E i ABEIN A,
ARG OEFIREARONES To=4-70 K ORI T
{Totz, EBRTHELN-E—F ABE O, S/ VRO F—
R AT (=T2— T1) . REBCO #5118 SS Avia
RC R OBYGE R & — AT Acr 1O EVE S
B hELTOXTESEL. ,

QW]
hIW/mK] = 4 T &K @

ik REBCO B 04— 2 SS Avi = RC Fm# iz
oAk, i REBCO #M OB O A A% ERILT-,
a0 1 Tk, #fafg REBCO #4& SS Avi o RC AififE
DOBIRO h WEHRTES, ZOREIE=RE HIE(CTD-
S2DICEDEERTEN TS, 3L 11 T, ik REBCO #
MREEOF R mICBTD h EERTESD,
3. EBRER

Fig. 2 12, To=21 K, ABAE 0= 1.1x10" W {2 BT HIRE
PALDBIERT, T & T iZe—2h 60 ABZ Lo TR A4 I
FERL. #nFR 303K, 333K CFfiL7-, Fig. 312250
BB U BT AR E h ORGSR T, aa
LT (m: B REBCO #44E SS Avia RC FLHEO5E
O O hik, 2401 (e: Mtk REBCO B4 R L oodzfl iR
i) S OREFANERL, FOMIT 1.5-2 {SRETH
ofz, RC R, SIS RHME e THHH, Eini
REBCO 1R fiL SS AviaR@medd, mihF o khiEs
ENTWDHIZd, ZO X574 B BUhid R Gonsbo
EEZHNS,
4. ¥

i I ¥ D REBCO 2 A /L D ER |z - BRI L
T, SS Avia RC R OSSR ORI AT -7, SS A
via RC REHHTHIA01E, REBCO ## O R T4
ik FFoaA VL T, A% EOBVRERE h %05
FTZENR o, Y HOFEF T, RC FERE B RO s
ARG, IMREREO 2 F G R T 5,

RC interface (Coil I )or
dry contact(Coil I) !

Y REBCOfape .~
i Coil winding .

2nd stage
cold head

Copper
former

Single
pancake coil

, N P ... :
.

Copper taps
(18 pm-thick)

Cernox sensor Cernox sensor

(CU type) (SD type)

Fig. I Schematic diagram of measurement of thermal
conduction characteristics using a single pancake coil
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g | =
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a 3

2 0

1 L L L 1 L 1 L 1
200 400 600 800 1000
Time [s]
Fig. 2 A temperature measurement for Coil I at 76=21 K and
heat input 0= 1.1 = 10°' W

N§1 04 r : T T T T T =
é ~ Coil I (REBCO tape / SS-mesh RC interface)
= . e

< B . . g
ok - [ B
_5 i | . [ ] j
e ul

§ - ] @ -
5 " ®

: L e -
g @

§ ° Coil I (REBCO tape / REBCO tape
e

3 i 1 " 1 " 1 n
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Fig. 3 Temperature dependence of the heat transfer coefficient at
two thermal interfaces
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Conduction Cooling Tests of High—Temperature Superconducting Coils Impregnated

with Electrically Conductive Resins of Different Resistivities
Barn 4%, S50 SRR, PEAR <F, R LR, b, P B, g B UE= X — AT AX); Lh BE)
ABE Itaru, UTO Tatsuro, NISHIMOTO Shu, OHTANI Yasumi, KOYANAGI Kei, TOSAKA Taizo,
ITO Toshinobu (Toshiba Energy Systems & Solutions); EGUCHI Tomoko (Toshiba)
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1. LIz

R A L SR E T DR SRR R L
TH—rBCEi &R S AR T2 L T0hDY,
ATEIE 2T, SR MERE 7+ 7 — R RS T 8 E
4T — DR R AN T A—Z LT, BRI ORIRTO
EHFEA 10°~107 Qm A —F — O TR LR TE 7,
F72, AMRIZTEIE L REBCO AL REHR T il
WA L7 FE 5L, #— 2 MHEHT4 10'~10° pQ/turn @ 3 KA
— X — O THE T LT LT, 4 El, 2— R
PUiA — & — T RADETEIERNE SR REBCO A VAR
W ENC CEEIHME L7 a5,

2. MEMHEIESE REBCO a1 I/LOB -5
RAELIZaA VG674 Table 1 [ZFEE8 T, FiR TOEPIEE
P 6.8X10°~4.2X 107 Qm &A—# —CRADE BN
THiZLIZ REBCO aAaiEL, iRAE R P TomE
REROFER, =4/ n flilT 22~25 THIEI L, 240 LiT
Wb 88 A THAHZLERERR L, £z, EFGEHTEEOh
DRES ORI E B LU & 75 AD FHELEN 5 LY
b/ P Z — RS 59~3.3 X 10° uQ/turn Tiho7-,

3. EESHER

AAEL-mA o L FlIzEME Al e85 L, (2580
HIFERAE B AR, b—H 202 VR EE 30-60 K |2
ML 7=, BIFERRSE 5 L OB M Ba A L, BEE
e, A VEEREE 55 X ONR B o8 ) 2 (45l L 7=, Fig.
Liz, @B ER 50 A THEILENTL/- L X 0iisiRE Iox 35
aANDF— R BER L, ks, o oil{kE
FCOBEFEEHRBRORE R TR, AL DF—
MRS FOA —F — IS TIREICH LIFE —E ThoT,
BECERBRCIL, 7ov s A7 — RSB AL TOAREED
B & [ZEHE NS, o/ L EREED&E FRErT
F ikt (EHEEE 0.1 V, Btk 0.1 ) THEL, EIR
AT 7=, Fig. 2 |2, 24/L82 O 60 K TOESRERBR O
BATT, 229 A BERFHIaANVEESR2ICERLT 0.1
V FEZ, 7T R AR B EL IR AENT L, SR
WO A AV BIE TR TT.1 V ThHY, MR B M
fEBEUSNBIEIR TR A —EHE LT 8 1 sec 2T T

2% ik

(1) H. Mivazaki, et al.: IEEE Trans. Appl. Supercond., vol.
29. no. 5. Aug. 2019, Art. No. 4602805.

(2) L. Abe, et al.: Abstracts of CSSJ Conference, vol. 108
(2024). p. 3

HBELT=, E7, BRERBRE (CHEBERBREERL, =
AN LBITRAL n O TFHRNWIEEHERRLIZ,

4. F&oH

RO R oMM AR I CTE R LIZ REBCO i/ L%
A AN CGREFMEL | EWTER B L OB ERBRIZT
BRI ELRAE LT, 4 %I, REBIERFOZE® 2 50T L,
At 7 RO L ORI 2 AT 5.

Tahle 1. Specifications of REBCO pancake coils.

| Coil No. Mmoo om #3
| Tape width(mm) 4.1
| Tape thickness (mm) 0.15
| Tape length (m) 89
| Inner diameter (mm) 100
Outer diameter (mm) 184
Number of turns } 200
Coil I at 77 K (A) | 88 | 88 | 8
n-value at 77 K 22 [ 25 | 24
Resistivity of conductive " q "
resin at RT (Qm) . 6.8x10 3.9x10° 4.2x10°
Average resistance between N 5 5
turns at 77 K (uQ/turn) _ 5.9x10 3.4x10 | 3.3x10
-'E 104
o 3
s i
o L
23 1 E coiln3
g g F ———"
= £ - Coil#2
% - 102 E .
s Coil#1 »—8—g——8
-1}
> o
I 2 -
@ 10
2 3
100 PR SLR RN N AT RN SN SIS (N RN T T T N S ST T Y Y T SO Y 3
0 20 40 60 80 100
Coil temperature (K)
Fig. 1 Average resistance between turns
depending on coil temperature.
10 - 500
8 [ Central magnetic field ]
§ fo=—=——p==—=—as 1 400 ¥
H 1 E
s & .-
= 2 [ Coil voltage 1 300 - o
@ 0 € =
g‘ L rrenimnmiinays ] 9 9
3 2 I Coil Current 1200 53
S -4 ] o=
- - 1}
2 ; ] 100 &
~2 I Dumping resistor current 2 ]
-10 L e R TP 0

] 2 4 6
Elapsed time (sec)
Fig. 2 Thermal runaway test of the coil #2 at 60 K.
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Investigation into Screening Current Reduction with Dummy Coil

g e, B0 B deR)
MATO Takanobu; NOGUCHI So (Hokkaido Univ.)
E-mail: mato@ist.hokudai.ac.jp

1. [EL®IC

AR EE M R~ 7 Ry MEH 3R B Lok kb,
2017 FIKEESZEBESHFZEATIC BT, % REBCO
(rare-carth barium copper oxide)~ 2" T h-fif i L -C it i
RS THD 45.5 T OERMITHRIILIZ[1]. ZOL5 e
R ERDP A NVEBE IS L LL01C, SFSICBTS
MAATATE(EL T 7=, 20— o0 ERE i Cho. MRS
el L REBCO #H1 8 A i S S22 T DB 24T Bl 4 35124
L, REBCO #4416 A B —12 34695, HERTERIEAR
B)—irERE N ARG — E DR T AL 7267 720, &
B IE F Gl AR c& v ERTEROEBA RS,
FIT, ARBFFECIE, FEMGE TR S A/ /(LI 31—
A NERESYEFI T 52T, EREE A CE5h9E
BRIl —var i VTR 5.

2. REEETIL

455 T AERREREER Lo~ Ry M ffiir st B &5,
311 T 24T 28ME= A LIRS, 12 BilE T
—3¢(SP: single pancake)2 1 /LB BNIEa A L EL RS
TEY, ZONIHaA L2555 B EE 3% i2(PEEC: partial
element equivalent circuit) [2)IZ &> THENT 5. £ | (2211
A C SRS A, BRI B O R B TSR3
Bem A R E R BB LT, hBE 7 — Az 0T i
RENDIDNT, SMEAA N DI, NiFaALO@EER
% 1 Afs DT 300 A £TRE15.

A alES T—2 A 1(DC: dummy coil)DOBELFEAZEH L, 3 i
DA LT 5, [ 2 (ICEREA T Case 1 134 3—aA
ILTRNG G TlhD. Case 2 [TEETA/L(SP1-12) LR L X
BoFI—afvik L FICEBTET AV THD. BiEIC,
Case 3 [Z2ALPIEMRIZ 100 pm OBRAZH T T 10 BOF
—aANERELIZET L THD.

2. RITER

WHfizA L OEhBET:, 200 s R CTOERSAAEX 3 (TR
F. FI—aA LR E A (Case 1), B MBS EZITHINT
IONER B E L T T IR TS,

-7, HI—aA % FEICELE LTz Case 2 & AL, ik
BE IR TETELT, LLAEREBROBEARNER
2>TW5, DCI FHEUCFHFESERTEFD, SP1 ORI
Wb RINSH, SP1 ORAEHA IR FEE/2/2bh THD.

HNENZA I—aA L EBLE LT= Case 3 TlE, T OIHERCGE
SR RHNS. SPICHHESNAIL T ThHo T EERTE T
T MIHEEISNTWAEE ZLNA. LL, DCI #5
BHLIERE R REBCO T—7 N E TR AL TEY, Zhl

TABLEI

COIL SPECIFICATIONS AND OPERATING CONDITIONS
Parameters Value
Coil inner diameter [mm| 14
Coil outer diameter [mm] 31.6
Coil height [mm] 59
Number of turns per pancake 200
Winding method no-insulation
Number of single pancakes 12
Contact resistivity [pQ-cm?] 70
Operating temperature [K] 4.2

Lo ERE TR RAS R TR TER . 2 NEOHIK
E, F i B R TR CE T, MR IR R T b,

PLEXY, FEEGECllE SN A X I—a A L5 T
RN B IIRE Th D Ebh o=, FEMIIC VTR T Y
H Iz T5.

. 400 40z
z s
£ 300 Outsert— 0E
E 200 «—insert, 20 8
8 100 1D§
= e 08
0 100 200 300 400 500 600 700 800 900 1000
Time [s]
Fig. 1. Operating current profile of insert and outsert coils.
Case 1 Case 2 Case 3
1 Il oc:
<! Il s B s oct | sk
sl s B s oc2 | sP2!
Si s | s ocs [N sP3i
==l == 1.
| =4 ] |
=] ] ] |
I==] = 1.
1= = ] |
i) i 1.
[ Il ] |
I . . |l .
; N2 B sriz ,  oci2] [ sp12
. . - De2 -
wr Lewr =

Fig. 2. Insert coil arrangement: (left) without dummy coils,
(middle) with dummy coils at top and bottom, (right) with
dummy coil inside SPs. The SPs are energized while the DCs
are not.

Kb ettt ats{ (" (e i e e

f
11 Case 2
I
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O
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Case 1l
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DC3 DC2
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Fig. 3. Current density of insert coils at 1000 s.
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[1] S. Hahn, et al.. "45.5-Tesla Direct-Current Magnetic Field
Generated with A High-Temperature Superconducting
Magnet.” Nature. vol. 570. pp. 496499, 2019.

[2] T. Mato and S. Noguchi. “Effect Comparison of Different
Conductor Widths in Magnetic Dam for Protection of NI
REBCO Pancake Coils,” IEEE Trans. Appl. Supercond..
vol. 34, no. 3, 2024, 4701705. 4701705.

[3] H. Ueda et al., “Numerical Simulation on Magnetic Field
Generated by Screening Current in 10-T-Class REBCO
Coil,” IEEE Trans. Appl. Supercond.. vol. 26, no. 4, 2016,
Art. no. 4701205.

F5100m1  20254F FER AR T B H B A R FE S R &%



3A-p01

SCSCr—7v (1)

SCSC r—TJ )LD EEFE DLW (2025 F£F) (1) :

=
Progress of R&D of SCSC cable in spring 2025 (1):
overview

e Mz, §HEES A GO &l %l BFrp fIE R =R — 27 LX) @ B ESR) ;
JE B (A7 78 1) s A At (SuperPower Inc.)
AMEMIYA Naoyuki, SOGABE Yusuke (Kyoto U.): TAKAYAMA Shigeki. NONAKA Toshiaki (Toshiba):
FUKUI Satoshi (Niigata U.): HARA Hidekazu (Furukawa Electric): SAKAMOTO Hisaki (SuperPower)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. LI

B O R FTEI R B - F B8 T D r S A MEZ HERE
LanbORARE KN, BAFRERME, KERARLND
Baf Lo @il B 58 (K ThD SCSC cable (Spiral
Copper-plated Striated Coated-conductor Cable)?HfF7E R 54
EDTVD, RERTIE, ZOESBEEZTA TS,

2. =JLEREfORLEEr—TILIEROERR

r—7 NOVEREFE (EALRE S0 OERLEL) A\ S
BAEOIZ, =TV TIED )T =T «—R =T D
R EMDT, r—T7 Vo VEEORERALL T, KB
b AR ECENE, | kKA o — 7 VARTE T, K 4 km/4E
BEOr—7 VLGN RRECH S, BE, EHEAICHVLTH
HEE 3 mm OFEaTEH W — T L OERIERE
Table 1 (ZFED 7=, ZOIFD, PRV T, HEE 2.5 mm O
o7 ERWEERPSHY, £, TAI=TAaTERWEY
— 7 VOB BT TS, SCSC r—7 & {ERG 57
DD AFT4TAMNMIHNTIE, 2 mm 18, FEHEX 30
pum, 10 747 A MO OEFFEEAREL, Z0 1 FE[BT 1.5
km ZHFE RIS THEL TS,
3. Xidx

FLR SCSC 7—7 NOAE et Fe s SRk « Fi i Bl /7
P, IBEER AR TEhE, BRI IZ > TS e o

AZENZEED SCSC or—F L OB R i EhE T,

EEORSURIE. B, EEOREOLETOIANDIE
MR RE THTEBLEZ, MR SCSC r—7 L DAz %k
DOFEBRIEHGA D T,

AT UL AR CBL TIE, 77 K THEL-Z 47 SCSC
br—T N DA TAB I EE 2 AT L, B e B A — Tt
W HERE AL LT e AT U AR S EER B OB At T
W5 (3A-p03), BARDIRETYH, TORETOER —ERE
FERHEA UL, EEBRANZEA TTHETHHEEZ TS,

fEARIIZOWTIE, BRI S T A8 > & @O E
SAEFIANBEIZ L > T T D2 FE%, 42 -TTK T, %
& SCSC o —7 NVOfEGHEAFZRIL, IREICIREFELIZES
Wi E B EFE SR OTRA %R DTS (3A-p06) . Zh
DAL, BRIRIBIZ OV TOEBERT, LSRN
T CORERREHBTHHIBEEFBEL T,

INEOFERELED, BRI, EHREERRICES
TN, A NDAZ I S E LD FIEAET D,

4. ANAZVEEOBEBERN

SCSC »r—F NEEHASLTEERICB VT, #5
MO E Y - B IR B oA 2 E R RE 5 2503
TTHLHN, ZEHAECEL-GX0, FETASAT
DA ED RS 2 FEEL S RELT, BEESmm D270
HZER T e — e X0 E Ui il 5 [ B 0 B8 )
BIS A ROABEME ST, R— B asr—T L
EFHM 5 DATICRRG, 5 D FrOER s A4 FIRE ) E
HEITRRIILE (3A-p09) , ZO I, BREEIO ARy —
W E T 2R B oA, B IZRETR RS b7

BRI/ L COERGERREIZ 20T ~<5 LT,
HHTHD,

5 aANEIZLH-ERS—7 L O#BWF T

SCSC #—F L HOTaANEERT LGS, BxHE
FRIZBWTIE O MERE DB INb5, ZRHOFFER
RAEPRHEHBLET, BIRICBUTA3 RN AR EMEIG S
DRI G 2 DR, IS NN OB LB R A iR
FEHPTHETHIEIZEVFFL TOD (3A-p04),

6. ERBICAEIT-1RitEREMR

{EAC iR g, KAEAE &, S8 HmEE) SCSC 47—
T NOF] RSO B TSR IS B ATE RS
5, FIT, SCSC —T7 NI AT T4 V- MW
Mo [F HATE BN O B RERR H A S BRI GIL, oD%
A& L TV (3A-p08)

F7=, SCSC r—7 N T~ Ry hOaAf NE2
=5%E, 164 mm OF—HEBRTENZHE, 182 mm
DT —T i FpE LT CORCERVy — 7 L THRWHEIC
Mo, R R C AR EM A ORI fFTES,
I, SCSC 7r—7 TR EN D~ S hOBEISHTREFTE
i ZAT 5 7= OBUEE R AT FiEIC W TORKF 2 itED
T4 (3A-p07) | ED>, SCSC &r—T )b, HlHOE /7454
YMNRTERW S —T L, BERTEREMHOYI—F—7
W r—L A =7 L —[ENRFFERTICIRBE L, oA R
oW -t TS,

7. BERIRMGETHEEEH1= SCSC-IFB #—J L

PNAFTA4TAMRIZB T Z 4T A MBEML T E
JRET R MGIZ LD 7 4 7 A NE 7 vy 7 ORIREMED B £D,
FOIHE GBI ET RIS E A2 7 47 A NI
BB T D E R T B TR L= SCSC-IFB 7 —7 L E0 V)
W EOr—7 VR EL, @RE Ty I k5B ERNE
B i h S BARL L O EER Tl O 721370, HLE SCSC-
IFB 7 —7 NOfEGHEREIEL, BEE Ty &R T
THL7A4T7A MR O G E G L TELZEEfEND T
(3A-p02), E7=, SCSC-IFB 4 —7 VOREEAR I EIZ oW
T, BT SR - LA D TvA (3A-p03) .

FEAIZBFER AT, AR RICHSERIZTHRE T2,

HiEE

ARFFEIL, IST ALCA-Next JPMIAN24G1 GE#H (4) ~(9))
BTN ISPS BHIFEY IP24H00316 G (2), (3)) B4
ZFTLOTHS,

Table 1 Summary of cable fabrication as of April 14, 2025.

For For KU To Total
Toshiba outside

SCC cable* 101 m 49 m 168m | 166.8 m

SCSC cable 234 m 524 m 8m 83.8 m

Total 1244m | 101.4m | 248m | 250.6 m

* Spiral Copper-plated Coated-conductor cable
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Progress of R&D of SCSC cable in spring 2025 (2):
a new concept of SCSC-IFB cable and its initial experimental results

FE Mz, B &%, 3 A LR)
AMEMIYA Naovuki, UEGAKI Hiiragi, SOGABE Yusuke (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. IEL®IZ

Y NTF T 4T A M IERIREEER BT 4T A Mg
ZHIKL T ERFT R MBIC R B 74T A MBIl vy 7D
AHEMEE ED, FOLIREA B TR ST L7207
4 FANICBEET )y VEBRIT T2 TRR LT SCSC-
[FB 4r—7 )\ (Spiral Copper-plated Striated Coated-conductor-
with-Inter-Filament-Bridges cable) &\ o Fil &0 —7 L%
RETD, Ebic, BEETVyDICLDER — B0k
HHRAERT R RL L TOYMERFER, 7147 A M
TPk THO 747 A MR OFSE &5+ a 2 b4 R
G HLFE SCSC-IFB 4 — 7 /L O & R E L aFA oo 1) ] F2 5k
FlzonTHET 5,

2. SCSC-IFB #—7 LM

Fig. (@ISR T X747 A MR SNz~ L F 70
FAVMNRTIE, HHTA4TAVMDEFH MO E ) —ETic
R R ETET DL, TO7 47 A ME, bIIREIRE
% TERARD, A SCSC —T NV TlE, 747 4N
EERCERT AR - X I BT X MEiEE T 5k
R & ATREICL T8, $A& A L= B i 43 728,
I E R @ B E AR SV KA (n IS T) Do,
SCSC-IFB 77— Vi, Fig. 1(b)D IS & LIS 7 1
FA MBI ESRCBEE T )y PVERITAZEIZIDEEEN
B STRE THEIC LI~ A TF 70T A MiE =i R A
D SCSC 7 —7 N Thh5,

3. ZROER-ERFHEORE

5 2 mm, 747 AR 10, S EEX (A1) 10 um @
TNFTATANRIZOWT, BIEET VoY Oinh o, (8
1 mm OBEETVoT% 10 mm BFETRTELOM 2 fifE
EENEN 3 AT OREL, TomEHEEZELZ, BR
— B EOR % Fig. 212, 100 pV/m TERLI- BT
& 10— 100 pV/m OEFREIH TEFELI n 6% Table 1 (2753
T, 3 RORER TIES-Z13b50, Binl 7y iz,
10 — 100 uV/m OE G TERL n filldm ELT0ha,

4. WHEREHROAE

3. TlBAEEREL, ERFN 3 KOw/LTFT74T4
CRMREELEE 3 mm @ GFRP 27 OEVIZE vF 948 mm T
- HLE SCSC r—7 AR ERTHAIL, Zhiz, &
8 0.15 mT, JE % 1 — 20 kHz OIERE 22 ERER A EHImL,
BELAR A2 HIE Lz, — B M- ORI 2% 18 il S okt
LT auhLi=Z 70O — bR =i & E 4% Table
2R T, BEET YU IRORED 14 us IV KRERST
EWBLOO, B{EE TPk T TORS A RFERIL 19 ps
I E-TWABIED NG,

5. F£&&

JRpTH R T Hr s AMELm O LTI, 74T A
M CHREEANR S A FTRE T B EE 7 ) v ARt~
IWF T 4T A MR SIS SCSC-IFB #—7 V%1%
L=, B 7w D o A LVEE fUS TomEHE 0
ESNLH LA HROBEERDOOHER L, BEETYy
IO ALV SR ESITMUZS, EEEREch X

LB HETELRKMETHHEE ZBILD, FFlo, WS
i —F, {ERK ToOHERNEPEELES, &
BT, T4TF A MEESSHIZIE L RATI R MEIZ LD E T
w2 PEVIRIEL T D L5728 121F, SCSC-IFB —7 v
A DR L iEsLEZHNS,
EiFi

AHFZELL, ISPS BT IP24H00316 DBIRR A2 T -L DT
D,

(a) Transport current (b)
s Local defect

' |

Inter-filament bridge

=L B

Fig. 1 Two types of striated coated conductor: (a) without
inter-filament bridges as well as copper-plating; (b)
with inter-filament bridges.

20250214-1, O1-23 20250225-3, W1-ead

(a) 1o, (b) 1o,
Tape 1 t -—:::;
Tape 2
E Tape 3 = —— Tape 3
£ 100, £ 10l
= E = £
S g
= =
£ | 2
g 10 g 10
w w
10. e 1nsu i 7
Current (A} Currant (A}

Fig. 2 Electric field vs. current characteristics: (a) copper-
plated 10-filament coated conductor without inter-
filament bridges: (b) copper-plated 10-filament coated
conductor with inter-filament bridges whose separation

is 10 mm.

Table 1 Critical currents and n values (3 samples for each)
Critical n value
current

a) Without inter- 68.9 A 6.3
filament bridges 674 A 10.2
655 A 3.8

b) With inter-filament 658 A 17.8
bridges whose 643 A 19.3
separation is 10 mm S3.8 A 13.2

Table 2 Coupling time constants at 77 K, determined from
frequency dependence of magnetization losses
measured at 0.15 mT (peak) in 1 — 20 kHz.

Coupling time

consntat

a) SCSC cable consisting of 10-filament 14 us

coated conductors without inter-
filament bridges

b)SCSC-IFB cable consisting of 10- 19 us

filament coated conductors with inter-
filament bridges whose separation is 10
mm
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Progress of R&D of SCSC cable in spring 2025 (3):
magnetization loss analyses of SCSC-IFB cables

B A, WIE SURA, BE Wz (R)
SOGABE Yusuke, MIYAKOSHI Masato, AMEMIYA Naoyuki (Kyoto U.)
E-mail: sogabe.yusuke.6s@kyotou.ac.jp

1. IEL®IZ

Fx 1L, SCSC Ir—7 AN T HMEE~ N F 74T A
NI R B R MR D7 1 7 A MR AR RN T v U THERE
9 % SCSC-IFB 4 — 7/ ( Spiral Copper-plated Striated
Coated-conductor-with-Inter-Filament-Bridges cable) (ZB44%
Rt bh TD, BFFERJE ORI EE s L LT, SCSC-IFB
Ar—T NATHERE R A ENINU T2 356 OB b1 Je FetE 4 S fil
TR 2> TR L 72,

2. BFE-BTNROET

SCSC-IFB 4 — 7 L OALB KT I3 T, Ei~7
FRT iy Ve RAESETD T ikl B{GERILS T 0
DERER A2 BT DB R AL G- A TR R
A HTZ[1]. SCSC-IFB 4 — 7 VAT A8 mE 7y
ChEDIEE~Y AT 747 A MRS R B RO T
IBIZHT- > TiE, BEE T CRIEELIN T 4 T AL M
DOAN ~—a-ifie, BiEERBEFRLEISOFEEEEL,

FRAT 6 420D SCSC-IFB 47— 7 VO 444 Fig. 1 (2, fE ik
Table 1 {2739, 22T 1 RO MBS IRBEYRE A (7
L =T o oW TR B R/, B d8L45
SCSC-IFB 7 —7 /T, BRET Vv M B R RO
RIUALEIZES L CTRBESL TV, £ BEE 7V MH
W& do (BEE TV O L EEOBEET —7 HinEkE)
ZOWTIERTA—F LT, e, BEETVUEEE N
TNFTA4TAMEB IO /T 4T A MRIZ DWW THARHT
T ol ZHBOHTICBW T, SRR 200 mT, B
[ $L 10 Hz £7212 50 Hz LU=,

3. MBAREE

B 7)o NG do 22 L3568 OB LR &% Fig. 2
VR, JRER b Py F IR T RS OEEEH AP I
BE TV 2 HEL EGEELRT T, 7407 A MRS
ETHZETRV, SEOFEBHIBN TR, Ry FIzs
FTHBEEBORSITHN 6.7 mm THY, 2 Lobh 0 EE
BT P ORIENIEVE S BEEIIVhER>T0AZ
EDons, £, EAT UL AR LRHLIR A, £ /74T 4
IR EIEIT T 4T A MR TR S AR TV
ZY P 3.7 mm B L<IE 14.4 mm ¢ SCSC-IFB 7 —7 1L
WZOWT L 72/ R Fig. 3 1O d, ZVy P MRICE~T
SCSC-IFB 7 —7 WO St R EEBAZTITHI LN
M I L~ CRER ST,
&30k
1. T.Mifune, et al.: SUST, Vol. 32 (2019) 094002

i
AWFZEIL, ISPS BHFE IP24H00316 D FIBAZIT-HDT

&)7 o
Superconducting bridge

SCSC-IFB  cable.
superconducting, and white parts are normal-conducting.

Fig. 1 Analyzed Black parts are

Table 1 Specifications of analyzed cables

Cable specifications

Cable length 130 mm Core diameter 3 mm
o 5 Number of
Winding angle 45 Eraies ~14

Tape specifications (for all tapes)

Width of tape 2 mm Tape length 183 mm

Phickuiess/of Tape length in a ~6.7

superconductor 2 um o
layer half-pitch mm
Thickness of 10 um
copper layer (per side)

Tape specifications (only for multifilament and IFB tapes)

Numer of 10 Conductivity of 9.5

filaments striation parts | 10 S/m

Width of oiass | Widthof 113

filaments mm supcrct_)nductmg mm
bridges

Monofilament like

e L B — |

Multifilament like

) Y : Tape length

2 002 e in a half-pitch i

E . .: B =200mT

£ ext

S o001l f=10Hz _
= w =1.13 mm

O L \.. . é b |

oL . L | e

0 10 20 30 40 50

c»'b (mm)

Fig. 2 Magnetization loss Om Vvs.
superconducting bridges db.

distance between

0.03 - I . | ]
8 m Qc (J/mlcycle)
0025 B Q (Jmicycle)
S 002 1
E [ B =200mT
S 3 ext ]
= 0015 | f=50 Hz
< w =1.13mm
- b
& 0.01
<3 :
0.005 |
0 ' -
Mono IFB IFB Multi
dp=3.7mm 144 mm

Fig. 3 Comparison of hysteresis losses On and coupling losses
O in analyzed coated conductors.
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Progress of R&D of SCSC cable in spring 2025 (4):
evaluation of mechanical properties simulating winding processes in short samples

PR JEA, ml P, B, TER ERR, PR R, TE f, M7 HEHE, B AR REmAF— 2T AX)
W RMIKEK); @ BORER) Y EA, @i 9, ST A6, e M2 (R
SAKAMOTO Keita, TAKAYAMA Shigeki, ABE Itaru, UTO Tatsuro, TOSAKA Taizo,
SHIMONOSONO Tsutomu, OKAYASU Maia, NONAKA Toshiaki (TOSHIBA Energy Systems & Solutions Corporation);
SUGANO Michinaka (KEK): FUKUI Satoshi (Niigata U.);
FUJINO Masato, TAKAHASHI Akira, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: keital .sakamoto@toshiba.co.jp

1. [FL®IZ

SCSC #—7 id=nF 74T A MELTZ 2 mm (B0
REBCO % ®3 mm OEER=2 7 O E PHIZ A A TR E
T TR A FEAR L LTS, Ar — T VAR Lo Lk
R4AEIZIX, o —7 O I 53R 1. B ENIE
fais APMER S5, ZoblE REBCO #ZIZEFHEO5] 3R
AR LT MO B D REVIZEDE ARG iR
HEMIIER T 50, BEESEOKTHERESNS, £
D=8, TSN E SIS 2 A AT 52
xR HBZ, RV T NAERIEL, BIR TERIFLFRISO
BlaED, JEMFhE AL, R ER P ClERBREENML
Too BRETIZZORRIZONTHE TS,

2. SI3E-EMEEER

Fig | IR THEROEE 210 mm OB R Y70 A B %3
VELTz, r—7 VIR 2 mm OF ) T4TA % 4 18, |
FENT20 3 ROF 12 AAEE{TbORERLTEY, r—
TAOWICEREAROF —IFAELTEE 40 mm, 4+
£ 8 mm, IS 6 mm O/ 1 7'% In-3%Ag LA T THEREL
TG, ZOE R 7T Table 1 IZRT /37 A— 2 T
B, #—3F BR, & —7 L EfEHRBRAE ATV, £0
A% C -V JE A FEME L=,

B R B TR, A — 3T MO R IE B AR
., BliEhEAaMLE, 2, ¥—3IF A5 ERBR T, 7 —
TSRO X —IF A EEICE BAE RO, 5IEAEA
iz, IEMARER TlE, & — 7 VilisglZEE B, Fig.l |
R A —7 Lt 50 mm OfEEEC SUS Bl iE BT 1 il
DIERE AR LT,

3. EEHR

Y7 B OB, X —3IF A 819E, [EfEREREIE O
LV BIERE R SR I E-TFE% Fig2 (R, ZOfE R
B, 1 pViem 2B FEEL L TR i (fo) & s Pl 7=, Table
2 (& BIRERERBRAT% O fe & n H2RT, 4270 AL B
EHITEBB IR e WMETFLTEY, #—3IF 15| 5ERER,
JEMEBR T le BRI E AR LT,

4. F&o

r—T NDB9E, JTEMGRAERE LR, ZORIETO -1
EIZED, SCSC 7 —7 NOERVEERHEICE X DHE
AUz, Z R 5, BROMRLTIZ 150 N T fe 2MET
FHZENBHALINI o7, 2 H OB T, 150 N LAF o3|
WS CREBEORBA N . le OF1EDEENE ML
fERE . Bl AIZR T AiHEE ) kX —I A EERIZ
DONWTHHET 5,

AHFZELE, IST ERMEAYALGEAFFCHEMEN 3 Myl —R
v=a—T7 T B % ( ALCA-Next) 7 7 > & &
IPMIAN24G1 O XBEZ T LD THS,

40 mm 130mm 40

; —

f

el I t
core terminal compression. terminal core
5 area(50 mm)

Fig. | Photograph of a Short Sample (Sample B)

Table 1 Parameters of Tensile and Compression Tests

Tensile test of Tensile test of Compression
core terminal test
SampleA 150 N 150 N 150 N
SampleB 300N 300N 300N
5
===Before tensile test of core

4 - |===After tensile test of core
'g e A fter tensile test of terminal
E 3 - |=—=After compression test
=)
=
g 2|
2
=
3
m o1

0 - 1 |

0 100 200 300 400 500
Current J[A]
Fig. 2 Comparison of Measured £-/ Characteristics
(Sample B)

Table 2 fe and n-Values Before and After Each Tensile and
Compression Test

Sample A Sample B
le n-value le n-value
Before tensile test of 567 A 92 445 A 50
core

After tensile test of core 483 A 11:3 340 A 5.7
After tensile test of

e aviaal 479 A 11.2 343 A 55

After compression test 479 A 12.4 343 A 5.7
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Progress of R&D of SCSC cable in Spring 2025 (5): empirical law of hysteresis loss in
SCSC cables considering its V-l characteristics different from critical state model
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SHIGEMASA Mao. SOGABE Yusuke. AMEMIYA Naoyuki (Kyoto Univ.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. EL®IZ

SCSC #—7 /Wi, Fig. | (2345912, Sa8A 2 1N i
MEAWE= 7 OEDVICA ST ARIE ST REET
BB, SCSC r—T7 VT, #BEE A ATy FI
PALIADDHIET, 747 A RDFEREMHIL THB[1], Fix
[EZAETID, a2 SCSC Ar—7 o, IREE 77 K, #HE
8 0.1 T LA FIZHBIT AR ARNE LT, ZOREF% v
T, REE 77 K AT, BESURIE 0.1 T BLEZ& bk sk
T TOBALBRETMT5 R EERIT CHL, ZRET
DFEFR T, SRR T VA T BIE—E T
HEFFOLRELE ET#lmE L TERE, —JF, EEEORM
I, B FURREE T L 8 RS EIE—B e R, A%
F T, B EBAOIBEAT I ZBAIZEL T, EEOR
MR >EE—E 2 B 2 it R kAR
T 5,

2. BEHROERRH

INETIZ, £ 100 mm O SCSC #—7 WK ERT
BREGHL, EFMORERBEREZEMLT, a7 Ziha27
— TNV R EH VORI — A S0 oRE{LiE &
On ZELTE, 27 OEER Deld 2.5~5 mm, #4418 w i
2~4 mm, BUEH T AT AV NEE tsc 1 | pm, 74T AN ne
13 1~10, FAREIES reuld 5~40 pm, B 13 1-8, 1 @HT-0
DFM ORE n/m 13 1-3 THS,

3. Brandt QBRIZHIKERT L RIELER

Brandt & Indenbom OBEGRIZEDE, /747 A MR, X
R CHRIE we D=V F 74T A MRICTREAR B R A EHIN S
NI EEDOEAT I A KIGHIE Osie miQsie 1ZLL FOXT
RENS2].

m g(Hm/Hc) _ Oix
Qpir = o /) nQpis = i (1)
g(x) = —ln(cosh x) —tanhx, H, = —% tsch,— @)

I |3 DERFETETHY, Jo fiﬁmﬂiﬁ{f‘ﬁ,ﬁ"‘f&f'o

4., BIREI SAVFRBOERBEOEL

Fig.2 (2, $%—20 SCSC 7—7 bz, #AiE
wie=2 mm, 74 7AME we= 155 pum O~ F 74T A M
D, MiFiEC Lo THIESN =B R —E TS EE-J) it
FEBTRT, £ Fig. 2 123, BIRUREET SIS ES
D E-J FtkE, %k 53 TRlENS n [HEFATIE
AL E-J FetbZ, T Enmil — A8EBETRL TS,

E = Eq(J/])" Eg = 100 uV/m (3)
KB HBWT, BEFEIREE L 3B 100 pv/im (ZELZ
LEOERBEIETHS, Fig. 2 OFITIL, Jo = 2.167 X 10
A/m?, n=173 Thsd,

Pkl EHRER 100 pV/im OFFFRBREE J 23(Q2)

WAL TeAT D AR SHIR AR L7203, F5I2 n DMK
b\aﬁHé‘FHb‘?“ SCSC & —7 MBI EBR L PR
D=L WEENboT, TOFRKD—2LLT, 74T4
CRBRERARREEE TNV E RS B BEER O, WERT
HULEREEN L ERRDADEZLNS,

TATACNNEC B AERE E AT A0, 74T
A rOWiE A — TR L7 &2 LT, RG-S

ERES RN 21T 272, Fig. 3 1%, BIERADEMRONE wr
=155 um DHE—T 4T A NI, HRIR poHn = 100 mT, J&E#

[= 6544 Hz OASHERETL B = poHmeos(2nfi) 8 AT (256 L

THREICHINL L&D, EitmENE —2I0ET D04« =
2f (2B D, 74T A MNEEOE T FE ORBE 4 1
ERLIELOTHS, XB)PFD L BLU n FFNER Fig. 2
ERIUL Jo=2.167X 10" A/m?, n =73 LULi=, 7474
ER O 9 BE O RO =R E 3.02X10'° A/m? THY, J
A LRAEE T, RREFTIE, Hxle L BLU n Ol
oMo LT, BRIRREB I OEEEEE 2R BH
At EAITO, BonBREELZXQ)D J AL TR
ATV AR IR A L, s e+ 5,
B

ABFFEIL IST ALCA-Next JPMIAN24G1 725182 ISPS F
WHE TP23KI1355 OXIEEZ =L D ThHD,

SE X
[1] N. Amemiya et al., Supercond. Sci. Technol., vol. 35, no.2
(2022), Art. no. 025003, doi: 10.1088/1361-6668/ac3fYc
[2] E. H. Brandt and M. Indenbom. Physical Review B, vol. 48,

no. 17. pp. 12 89312 906 (1993)
Multifilament coated conductor
Core Second layer

¢
First layer Filament
Fig. 1 Schematic view of the SCSC cable [1].

400

= %iqa,suied del
~~~~~ ritical state mode
300|- — - n-value model

200

~ ow,=2mm,n.= 10
—we=155 um

- e, = Sum
100 b---——-
| J.=2.167x10"" A/m®
0 n= 73{ 1 b %
0 1x10" 2x10"°
Current density (Afmz}

Electric field (uV/m)

3x10™

Fig.2 Example of E-J characteristic of multifilament coated
conductors used in SCSC cable.

T 1 17 1 L

J.=2.167x10"° A/m’
L n=73

-100 -50 0 50 100
Position (pm)
Fig. 3 Current density in the single filament exposed in ac
magnetic field calculated via 1D FEM analysis.
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Progress of R&D of SCSC cable in spring 2025 (6):
temperature dependences of coupling loss characteristics of multilayer SCSC cables
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SCSC & —7 V3% 6 L2 it s iR il i 4
MW= 7 OB A ST AR R E T AR EE L T A,
Z b e A SATNEE L > TIERAS R kA ER T AR
BEYESEELLTHBEINTWD, ARERTIE. 2 E
SCSC r—7 NOfE G B E O R i etk IREE R E
IZOWTHEIELZR RIS 45,

2. MHERBLUVRAERZ

Table | {ZfEMAL-WMEmRBEEBROETETRT,
SuperPower Inc.f-340 2 mm i HERE = RSB L
T, BRERBIT 10 747 AV MBS, BEEBO LT
£ 10 pm OFIAYFDHESFL TS, Table 2 (27— 7 LDk
JeERL, Fig. 112 — 7 RGOSR %4773, B 3 mm
@ GFRP =272 | BdHizY 3 ROBLEERELREMT. 1B
12 J&/4 J@/8 o A ENEN B UL, aEUEIE S HiA,
B Z FmEied oIz myaE & & T, £
LTEEY &5 7 —7 IO EREEDS 0.25 mm 272 d 0% gk
A AL, R KRICRESN QWL RRF—7
Uo7 iE 2 TR,

ATV A RB R TE | FEEENR RN ERDES
12 0.15 mT OERESFRIE S CRERREE v /Ty 7 2L
ENNICE>TRIE LT, Bk E R K 20 kHz £TOEN
A EGECHEL, R)ITR TR A ELomBRRICT 4
YT YT HIETRHERAORHEL T 55 SR ERE
TR F 4157,

' luEfng'l anrc
Q=417 2nfro)?

ZIT, Hu, [V BEROIRIEE AL, g 13505 5E
R, e XA BER, A TIRR T ThD, AR ERILRE
GERMOBERFERTHY, AR OEIIH L T4
REOWZERLEELL, WEOSEMEREOMEPAHTHS
120, MZEDOFEHREFELWEEL TWA, ZOHEEEE
AU NI H A UTRENS, BRICE s B EOME
BCHEELRIETHZET, £ SCSC r—7 Lofi& 18
RFFEO R E R AT,

3. BIERR

Fig. 2 12 1 BBXU4 BRHE OB LERE 42K 77K IZ
BOTHELRRERT, MlELE LRI H K
loZEdEh, FAL ROz Rl 0D, IREN EFT5
L DTRORELREFORESIZEEAEELLTY
RV, —H T EMERITERLIER 1S, ZHUTIR
EEFIC R THAYF OB RPETL, 747 AR
DEMETRME T LI THHEEZLND, [BEHHY
ZHEAREFHRRE RS, THUTB P XHZET, r—
TILOERE OHBEDNELLT-ZHicBRATAEELLNS,
Fo B ERERELD TR >TVS, USRS E
NS A BN —T ROMEA L H 27 AZLHEE
ThHEEZBND, BIERIELD, £/ SCSC »r—7 3T
EOMELEE T, $7 100 Hz £TOFE B8k To
BRI L ~T, o BV S ERE o n L3
STz, UL, BLZEDBRERE U THUE L= S0 5 BE 310

(1

FARIE 2L > TEIL T A AREME S H, T T2, EERE(:
TORE AL T 5720 I S B RE R Ol IE A3
VETHS,

ABFFEIZIST ALCA-Next JPMIAN24G1 D 4B 421118
DThD,

SE XMk
1. Z. Jiang and N. Amemiya, Supercond. Sei. Technol. Vol.
17. 2004

Table 1 Specifications of coated conductors
Tape manufacturer SuperPower Inc.

Tape type SCS2030AP
Tape width w 2 mm
Number of filaments nr 10
Copper layer thickness fcu 10 pm = 2 (20 pm)
Critical current [ 69 A

#1 Measured at Kyoto University.

Table 2 Specifications of SCSC cables

Core diameter 3 mm

Core material GFRP
Number of layers 1/2/4/8
Number of tapes per layer 3
Sample length 120 mm
GFRP Core
L;Iayer 3

Layer 1

Tape 1-1
Tape 1-2

Muiltifilament coated conductor
Tape 1-3

Fig. 1 Schematic view of SCSC cable.

1.0x10° —
-4 layer, 4.2 K Meas. : 4 |ayer. TTK 1
(A4, =6.8x10" m? TN A = 6.8x10° m ]
_'fc=86 us \ HI ROy : rt=22 HS
£ 10x107 L o
3] C1 layer, 4.2 K> 21T TN
g Ac =3.6x10° mgs” 1 layer, 77 K™\
V,E %= 53 ”S/T,' A, =34x10° m?
b 7 |
< 1.0x10° A
Qi :
=10 pm, gty = 015 mT |
Vi per=po ]
1.0)(10-9 i il Pl Poiiiiiii
100 1,000 10,000 100,000
Frequency (Hz)

Fig. 2 Measured magnetization loss of SCSC cable plotted
against frequency.
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Progress of R&D of SCSC cable in spring 2025 (7): electromagnetic field analysis model
for evaluation of magnetic field accuracy in magnets composed of SCSC cables
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Table 1 Specifications of analyzed cables and coils

No. of layer 2 Core diameter 5mm
No. of tape / 2 Bending 50 mm
layer radius of
cables
Tape width 2 mm No. of 3
analyzed
cables
No. of 4 External 3T
filaments magnetic field
Thickness of 1.75 um Cable current 100 A
superconductor
layer
Spiral pitch 5.6 mm Frequency 100 Hz
1x10™ — 1
Model A
a‘g 5x100 | Model B
<
=
e 0
3
5
5 -5x10"°
O
-1x10" A (I (R (R
0 0.5 1 1.5 2
Position in tape width (mm)
Fig. 1 Current density distribution in the width direction of a

coated conductor at a position where the coated
conductor is perpendicular to the external mangetic field.
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Fig.2 Difference of magnetic flux density distribution in coil
radial direction calculated by models A and B
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Progress of R&D of SCSC cable in spring 2025 (8): comparison of electromagnetic
designs of synchronous motors using SCSC cables for armature windings
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Table 1 Specifications of 4-pole halbach PM filed type motor.

Basic parameters

Rated power [MW] I MW
Rated voltage (line-to-line) 1010 Ve
Rated current 1750 Agms
Rated revolution 5000 min™
Rated frequency 166.7 Hz
Rated torque 5730 Nm
Rated load angle n/2%0.6 rad
Pole number 4

Operating temperature 20K
Magnetic filed in air gap 0.6T

Outer diameter 370 mm
Effective length 475 mm
Field magnet : 24 PM halbach array

Permanent magnet Nd-Fe-B
Residual magnetic field 14T

Quter / inner diameter 250 mm / 150 mm
Axial length 475 mm
Weight 117 kg

Armature winding : Concentrated winding (6 saddle coils)

Conductor 4-layer SCSC cable
Diameter (with insulation) 5.12 mm

Width of REBCO tape 2 mm

Number of REBCO tape 15

Rated tape current density 82.5 Ay/mm
Rated conductor current density 120 Aymm?

Max. magnetic field 085T

Winding cross section 364.4 mm?

No. of turns 10

Conductor space factor 0.565

Rated winding current density 67.9 Aymm’
Quter / inner diameter 302 mm /278 mm
Weight ~ 35kg

Back voke

Material 35H360

Outer / inner diameter 370 mm /330 mm
Weight 82 kg

({Z LB R oA L O Bl 4 R THD, o
21T, 4 f LS SRR &2 RS S R R EE |2
LIl T ERD RROGE T TR T 5, BIER
A ARSI e R T B B R Ly,
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Hrooms Fe e Ul e OREM ELER L T S8 1Y B i 52,
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1. S. Fukui, et al.: Abstracts of CSJ Conference, Vol. 108 (2024)
p-13

Table 2 Specifications of fully HTS type motor.

Basic parameters

Rated power 3 MW
Rated voltage (line-to-line) 1014 Ve
Rated current 1750 Ans
Rated revolution 5000 min™!
Rated frequency 166.7 Hz
Rated torque 5730 Nm
Rated load angle n/ 2%0.76 rad
Pole number 4
Operating temperature 20K
Magnetic field in air gap 06T
Quter diameter 412 mm
Effective length 300 mm

Field winding : Concentrated winding (4 saddle coils)

Rated current 3000 A
Conductor 4-layer spiral cable
Diameter (with insulation) 5.12 mm

Width of REBCO tape 2 mm

Number of REBCO tape 15

Rated tape current density 100 A/mm

Rated conductor current density 146 A/mm?

Max. magnetic field 1.32T

Winding cross section 1003 mm?

No. of turns 30

Conductor space factor 0.725

Rated winding current density 89.7 A/mm?*
Outer / inner diameter 282 mm /250 mm
Axial length 300 mm

Weight ~ 40kg

Armature winding : Concentrated winding (6 saddle coils)

Conductor 4-layer SCSC cable
Diameter (with insulation) 5.12 mm

Width of REBCO tape 2 mm

Number of REBCO tape 15

Rated tape current density 82.5 Apy/mm
Rated conductor current density 120 Ay/mm?

Max. magnetic field 1.08T

Winding cross section 616 mm*

No. of turns 16

Conductor space factor 0.535

Rated winding current density 64.3 Aymm’
Quter and inner diameter 332 mm /316 mm
Weight ~ 37kg

Back yoke

Material 35H360

Outer / inner diameter 412 mm /392 mm
Weight 30 kg
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Progress of R&D of SCSC cable in spring 2025 (9):
measurements of longitudinal-position-dependent layer-current distribution in two-layer
spiral coated conductors
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Table [ Specifications of the experimental sample
Coated conductors
Width 4 mm
Copper layer thickness S um % 2 (10 ym)
Substrate thickness 40 pm
Hollow core

Material Copper (surface insulated)
Outer / inner diameter 5 mm /4 mm
Composition of the two-layer cable

Coated conductor X 1, SUS tape X 1

Coated conductor X 1, SUS tape X 1

1st layer
2nd layer

Point 1 Point 3 Point 5
Point 2 Point 4

Layer 1 wound
Layer 2 wound —-I

[ : Contact resistance
@ : Hall sensor
Current terminal +

Current terminal —

U
e[je[Je[Je[]e®

_=.—.-—-ﬁ-

Layer 1

0 120 165 210 255 300 420 x (mm)
Fig. 1 Specifications and current injection / extraction
method of the sample.

POI"I“ F’o: L P0|nt5
'Polnt2 Pomt4'

1

-
o

Current of layer (A)
w

o

Fig. 2 Measurement results of current distributions in each
point when I, = 10 A.

F5100M1  20254F LRI T B EE AR IE 5 R &



3B-a01

2V VEERL (1)

SmBCOY—RTL—rZERLV-SDMGIEIZ &S
AgiiINGdBCO/NILY DB L BInER %
Crystal growth and superconducting properties of Ag—doped GdBCO bulk
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GdBCO (920-t4)
% Preventing Ag diffusion
into seed plate

SmBCO seed plate

Fig.1 Appearance of the setting of precursors for the crystal
growth of the Ag—GdBCO bulk using a SmBCO seed plate.

Pushed
Gd211

Buffer
pellet

Seed plate

Fig.2 Appearance of Ag~GdBCO bulk after crystal growth.

4...‘. . .
™, Ag-GdBCO bulks

3 .'-__
E L - TSMG
3 LY L3 - SDMG

B

£ ",

’

40 50 60 70 80 90 100

T (K)
Fig.3 Temperature dependence of trapped fields for the
Ag-GdBCO bulks by the TSMG and SDMG methods.
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Fig. 1. Contour map of trapped field at 77 K of a Ga 1 mol%
doped YBCO bulk grown by SDMG method.

1 0 Ll Ll T T L T ]
all c-growth YBCO melt-textured bulk
Ag,0 10 wt% CeO, 0.5 wt%

~17 mmg X 14 mm! 4
FCM20K,6T

—— undoped
—— Ga 1 mol%
— Zn 1 mol%

2L

1 1 L 1 1

40 50 60 70 80 90 100
Temperature / K

0 1
20 30

Fig. 2. Temperature dependence of trapped field at just
above the center of the surface of undoped and impurity
doped YBCO bulks. The dotted lines represent estimated
trapped field assuming the fully magnetized state.
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(a) With Buffer Pellet (b) Without Buffer Pellet

Ag-added YBCO

O20mm-t16mm ____
idded YBCO
n-tl6mm

Ag-free YBCO

Al,O, Plate AlLO, Plate
Fig.1 Schematic illustration of precursor pellets and seed

plate in the SDMG process.

T,.=1010°C2h T,

=1020°C-2h T, =1030°C-2h

max

Side View

Seed Side

Fig.2 Appearance of Ag-added YBCO bulks fabricated by
SDMG method using Ag—free GdBCO seed plate at each
maximum melting temperature 7,... The arrow indicates that
the Ag—free GdBCO seed plate is melted.
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Trapped field properties of SDMG-Processed REBCO bulks with different sizes and rare earth elements

at mid-to-low temperatures
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Z @ YBCO 3 LT DYBCO 737 ORFHERESS ORI
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Fig. 1. Temperature dependence of the trapped field (left axis)
and the temperature derivative of the magnetic field,
dB/dT. (right axis) for the SDMG DyBCO bulk. The
dashed line indicates the estimated trapped field in the
fully magnetized state at low temperatures.
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Fig. 2. Temperature dependences of the trapped fields for SDMG-
processed YBCO and DyBCO bulks with various sizes. with
those of representative TSMG bulks shown as dotted lines.
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Field trapping properties of Large-Scale REBCO bulks
by Multi-Seeded SDMG method
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BEXH
[1] T. Nakamura ef al., J. Magn. Reson. 259 (2015) 68.

[2] T. Motoki et al.. Appl. Phys. Express 13 (2020) 093002
[3] T. Motoki et al., Supercond. Sci. Technol. 35 (2022) 094003
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Fig. 1. Trapped field distributions at 77 K of YBCO meli-

textured bulk prepared on two seed plates with various
misfit angles.

Large SDMG YBCO bulk
c

Arranged seed plates (EuBCO bulk)

Fig. 2. Schematic illustration of the SDMG-processed cylindrical

YBCO bulk grown on four EuBCO seed plates.
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Fig. 3. Trapped field distributions at 77 K of YBCO melt-

textured bulk prepared on four EuBCO seed plates.
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Fabrication of REBCO thin films containing medium and light rare earth elements
by FF MOD method
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Fig. 1. XRD patterns of RE123 thin films (RE = Nd,
Sm. Eu. YooNdoi) grown on STO or IBAD
substrates.
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Fig. 2. ZFC magnetization curves of Eul23 thin films
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Fig. 3. XRD patterns of RE123 thin films on
Y123 thin films.
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AEE

AWFFE L, IST Al % M oF 98 3¢ $& 9 3 (FOREST)
JPMIFR202G DBk &5 F £ LI2 b D THD, £z, K
WFgEo—#ERiL, ISPS FHIF (23101453 B2 O 23K26147)D )
REZITERLIZLOTHS,
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Fig. 2 Cross-sectional image of film on Zr by STEM (a)
and Image Quality map and crystal orientation image
of YBCO in the cross-sectional direction by TEM (b)
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Preparation and trapped field properties of MgB, bulks using gas—phase Mg by capsule method

TR BB, N B2 CEFERYE)
KAKUMAE Yota, NAITO Tomoyuki (Iwate Univ.)
E-mail: g0325051@iwate—u.ac.jp

1. [FL®IC

MgB: IFEWEERIBEEL2LD, B GERIRVIEND
LR TISHARETHY, BEDHOLTT7—A7U—b
THHEVIF EEH B ERERER#ED TE,
MgB: 2 S/ 2B s FIRFEI X 2B 38 Rz b s, i
MRRE BRI B AR O BT o UaR SRS A
Hom EThs, BEREREEON EIZIZ&TEELRE S
ThHIED, EATREMSCEET CIRIREEIZEST
MgBs 2L 2 ERIS A1), —F, RIf#s Ao L Tix
PRI NIRRT D MgO AR E/eD, ARFFETHD Mg
SHERREEPIIRREDZEIZLY Mg & MgO 24 8EL T Mg
D Fde FUG A 2 DT TR EL, oo bl
U MgB, 3B ERIGT A LTS, LivL, FOERITE
IEEHETHY, o2 O Mg ZHOWALERGA[3], ABF
geCld SUS B 7 L 258 555 F B 2L Tl (4 Mg K4
sz LD MeBy 22 OFE R A+ H L B O
F5HT MgB, 7S 2 OREARHEE G T A BRYE
s

2. ERAE

JFEPEHE (X T N7 7 A B By RHEEE 99%, FifR 46um),
Mg iAW 99.5% 188 180pum)Is L TF, in-situ JETHERL
7= MgB, ¥R & =, 9" Mg & B % mol bk 1.2:2 THE&EL
7. % Mg @ B BiBEE~OEAG DR R T2OER<T20
Mg #RRIE LTz, £, RIEEOEBNEEDR L& MeB,
AR D 2L 2 DIEEOFEMOT-HIZ premix E2EEH L,
premix OF|EGIXYFIEEOLITHFEDRBLETRIINE
HLNT- IO THD 30mS TREL, Fig. 1ich 7t
CIEB R S ORI AT, £ —H o SUS BT
B+MgB. IR & ¥ EIERL, H—H O SUSH 7B cMelk
FANT, WICWEEV T ROT Aol CREL,
Ar KD a— 7Ry 7 ANT SUS R b W TREEL
fo. 2, BRIEA VT 800°C, 850°C, 900°C o 3fRED
RLEE T 70 B ZAMABE AT 7=,

R =3 EH T X MEHFER T XRD &2 —2HIEL,
SN DR AT LT, 2O, W35 P mHEaT Bk
(FCM)%E W TSI MgB, » L7 & 5 BEL , e O
AR E A S 2R P BB LR — 2
THIE U, F2, BERIEHISEE, B4 i FiEd HoCille
[ VA R e e R w ) By

3 ERLER

premix MELCIERIL = S 213 BVLER R I Z B CL o7,
— 77 C premix 5% = MgB, 2 3/L21£,800°C 3 L1850 °C
FAEIT 5.8 mm, 900°CEEIT 3mm EEEAIEV ST EE
Ri-cx-, MEIOFEE ST 800°CHENT 80.5%., 850°CHE)
T 79.8% &L i) i % E ORB A BRI H L3 TET,
900°CREIDOFEHIFRIT 76.1% L THEO Th-orz, X #ElT
PRE = (ZZTIERERN) G, T2 TOREHT MgB, 233
HITH-o7=03, 900°C T AT 73 0EFCIE MgBy ~®
SR DTERR ST,

Fig.2 |Z 800°C & 850°CREOMMIE M35 O IR BER 7 E AR
7, 800°CHEHE 10 K T 2.61 T, 20 K T 1.90 T ORESEAIH

—106—

L=, 850°CEEHT 10 K T 2.56 T,20 K T 1.84 T O
ZARHE LT, W OO T BLBE | Z LSRR OfEW L
HEZFZZBND, HETIIBEED TD EBSD (ZEARIEED
TR LS TiEImT 5 T E ThHD,

Fig.1 Schematic image of a homemade SUS container and
the arrangement of the precursor powders pressed.
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Fig.2 Temperature dependence of trapped magnetic field

for the MgB, bulks prepared by Gas—Mg infiliration and

reaction method at the indicated temperatures.

AffE
AMFFELL JSPS FHif ¥ JP21HO1788, JP23K21075 DBk %
I bOTT,

BE Xk

1. PNEEZ, MRz 5632 (2021) 309

2. BRI 4K, LA BR: AARSRAESEE 65 83 %(2019)
341 H

3. 8. Wang, H. Suo, Z. Zhang, L. Ma, L. Wang, J. Liu,Q.
Wang: Journal of the European Ceramic Society.
Vol. 44 (2024) 6239

F5100m1  20254F FER AR T B H B A R FE S R &%



3B-p05

ISVIER (2)- A& (2)

HBERBHE ARV T (& THMEL
B# R Z L \=MgB,/ \L 2R D 1 R E R B 11

Preparation and magnetic field trapping properties of bulk MgB, using B powder refined by
ultrasonic irradiation or ball milling
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Fig.1 IPF maps of MgB. bulks made from the B
powder refined by (a) pristine, (b) ball-milling, and

(c) ultrasonic radiation.
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Fig.2 Temperature dependence of the trapped
magnetic fields the MgB. bulks made from the

pristine and refined B powders.
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Fig.1 XRD pattern (a) undoped Sm1111 (b) SmFeAs(O,H) by
hand-mill (¢) SmFeAs(OQ,H) by ball-mill
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Fabrlcatlon of K—doped Bal122 bulks by spark plasma sintering using high energy milling
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Fig.1 Milling energy dependences of the (a) relative peak
intensity of Fe (110) to Bal22 (103), (b) FWHM of Bal22
main peak (103)
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Unipolar NMR magnet by pulse—field magnetization of superconducting bulk magnet and
the magnetic field distribution
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Fig. 1 Experimental setup of single—side NMR magnet
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Proposal for a new pulsed—field magnetization
with the addition of first applying a very small magnetic field
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1 INTRODUCTION

In liquid hydrogen (LH:) refueling stations, unavoidable heat
leakage induces hydrogen evaporation. leading to boil-off losses.
To address this issue, a zero-boil-off (ZBO) system has been
designed. A thermodynamic analysis of LH2 pumps and storage
tanks and proposes strategies for reducing heat leakage was
presented to minimize the condensation thermal load on
refrigerators. Furthermore. it conducts a systematic investigation
of the heat transfer characteristics and liquid film distribution
patterns during filmwise hydrogen condensation on refrigerator
cold heads under various operating conditions. How condensed
liquid hydrogen return to the storage tank without tumbling was
also investigated.

2 THE ZBO SYSTEM

Refrigerator Valve

Liguud
hydrogen
pump

Auxiliary
stomge
tank

Maun storge tank

Fig 1 Schematic diagram of ZBO system with auxiliary tank

The ZBO system generally consists of a liquid hydrogen
storage tank. a refrigerator, liquid hydrogen pumps, pipelines,
valves. and other components. In conventional designs. the
refrigerator is typically installed inside the storage tank to
recondense evaporated hydrogen directly. with the condensate
dripping onto the gas-liquid interface. However, this process can
trigger tumbling phenomena, leading to rapid vapor generation,
a sharp pressure rise. and potential safety risks. Maintenance of
the in-tank refrigerator is also difficult.

To address these issues. an auxiliary liquid hydrogen tank is
introduced as shown in Figure 1. In this configuration,
evaporated hydrogen is directed into the auxiliary tank, where it
is recondensed by a refrigerator. The liquid is temporarily stored
and then returned to the main tank through a low-disturbance
inlet. minimizing the risk of additional tumbling. The auxiliary
tank also helps stabilize the pressure in the main tank, offering
clear advantages over traditional ZBO systems.

3 STORAGE TANK

Based on the design of a 30 m? vertical cylindrical liquid
hydrogen storage tank, a two-dimensional CFD model was
established and simulated using ANSYS FLUENT. The initial
filling rate of liquid hydrogen in the tank is 50%, and the initial
state of fluid is set to 0.33MPa and 25K. In the CFD model,
hydrogen is the working fluid which is assumed to be an ideal
gas. Assuming that the liquid and gas are in phase equilibrium,
the temperature at the interface is equal to the saturation
temperature corresponding to the tank pressure.

Multiple operating conditions of the liquid hydrogen storage
tank are evaluated, including: (1) without active cooling, (2)
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cooled by a liquid nitrogen radiation shield, (3) directly cooled
by a refrigerator, and (4) cooled via an auxiliary tank with
circulation.

Figure 2 illustrates the gas flow velocity distribution and gas-
liquid distribution in the storage tank without active cooling.
Evaporation of liquid hydrogen occurs preferentially near the
tank wall, leading to a local decrease in density. The resulting
low-density vapor rises and flows toward the gas—liquid interface,
where it converges at the center of the tank. inducing interfacial
instability and tumbling.
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hyidrogen
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Fig 2 The phenomenon of liquid hydrogen tumbling

4 LIQUID HYDROGEN PUMP

An external liquid hydrogen pump is employed in the system.
The pump is filled with liquid hydrogen, while its outer shell is
exposed to ambient temperature. resulting in non-negligible heat
leakage. Theoretical analysis estimates a static heat leakage of
3496 W due to radiation and conduction, corresponding to a
hydrogen evaporation rate of approximately 0.3 kg/h. A 3D heat
conduction model of the pump was established to verify the
accuracy of the theoretical calculations. Structural optimization
strategies are proposed to reduce static heat leakage, including
increasing the length of the piston and cylinder, and modifying
the support structure of the pump chamber, provided that
mechanical constraints allow.

5 RECONDENSATION SYSTEM

A high-capacity 100W@25 K GM-type pulse tube refrigerator
is under development. Heat transfer fins were designed at the
cold heat exchanger of the refrigerator to enhance the contact
area with evaporated hydrogen gas. Initial dimensions design of
the heat exchanger was conducted through iterative calculations.
Subsequently. CFD numerical simulations were conducted to
investigate the effect of temperature differences induced by
liquid film thickness on heat transfer performance.

6 CONCLUSION

The ZBO system with an auxiliary storage tank is introduced
and analyzed. It demonstrates improved pressure control of the
main tank. while the risk of liquid hydrogen tumbling is reduced
by introducing the backflow from the side of the tank.
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1. INTRODUCTION

Compared to 4K GM refrigerators, 4K Joule-Thomson (JT)
refrigerators demonstrate significantly higher efficiency. which
is preferred in various application. However. 4K JT refrigerators
still face inherent reliability issues due to the risk of flow
blockages caused by solidified impurities in low temperature. In
alJT valveless 4K IT refrigerator. pressure drop occurs in the high
pressure channel of the last stage counterflow heat exchanger,
rather than JT valve, by utilizing the unique thermodynamic
properties of helium near its critical point!'l. To confirm this

phenomenon, a J'T valveless 4K JT refrigerator is made and tested.

2. STRUCTURE

As shown in Figure 1, the JT valveless 4K JT refrigerator
includes a GM refrigerator as the precooling refrigerator, a
helium tank as the gas source. the first stage counterflow heat
exchanger(CHEXT), the first stage precooling heat exchanger
(PHEX1). the second stage counterflow heat exchanger
(CHEX2), the second stage precooling heat exchanger (PHEX2),
and the last stage counterflow heat exchanger(CHEX3). The high
pressure channel of the last stage counterflow heat exchanger
consists of four capillary tubes to make enough pressure drop and
reduce the risk of flow blockages.

Helium tank

| High
. pressure drop
CHEX

High pressure

channel with 4K heat (CHEX3)
high pressure exchanger
drop T =4K

Figure 1. Schematic of JT valveless 4K JT refrigerator and the
last stage counterflow heat exchanger

3. SIMULATION

The one-dimension simulation of the last stage counterflow
heat exchanger is conducted by MATLAB with the helium
properties provided by REFPROP. The result shows the effect of
high pressure. precooling temperature and capillary inner
diameters on the cooling capacity. When the cooling temperature
is set to 4.4 K. and the inner diameter of the capillary tube is
0.2 mm, the cooling capacity increases with rising high-side
pressure and decreasing pre-cooling temperature. A maximum
cooling capacity of 0.66 W is obtained with a 0.2 mm capillary.
Considering both cooling performance and system constraints, a
capillary inner diameter of 0.2 mm was selected for subsequent
experiments.

4. EXPERIMENGTAL SETUP

The diameters of counterflow heat exchangers and the photo
of the T valveless 4K JT refrigerator were shown in Table 1 and
Figure 2, respectively. All the heat exchangers are tube-in-tube
type made of copper. except the inner tubes of CHEX3(High
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pressure drop heat exchanger). which is made of stainless steel.

Table 1. Diameters of heat exchangers

Heat exchangers Inner tube QOuter tube
CHEXI 2mm/3Imm Smm/6mm
CHEX2 2mm/3mm Smm/6mm

CHEX3(High pressure

drop heat exchanger) L Smnz. S

0.2mm/0.4mm

4K GM

Refrigerator
The first stage
counterflow

The first stage
heat exchanger precooling heat
The second stage - exchanger
counterflow heat ~—a 4%
exchanger The second
stage precooling

The last stage tieat exchanges

counterflow hea:
exchanger

Figure 2. Photo of JT valveless 4K JT refrigerator

5. RESULTS

Figure 3 shows the effect of high pressure. precooling
temperature and cooling capacity on the refrigeration
temperature. The influence of high pressure and precooling
temperature on the refrigeration temperature is not obvious.
However. as the cooling capacity increases, the refrigeration
temperature rises. A maximum cooling capacity of 0.28 W@4.9
K at 8K of precooling temperature and 1.4MPa of high pressure
was achieved. When the cooling capacity exceeded 0.28W. the
system experienced abrupt instability, which is consistent with
conventional 4K JT refrigerators with JT valves.

5
g
48 |
‘?‘: . St e PSP
2
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2
=}
2 44
g —_— e
k3 —
34.2 . R B
LTS BT 13K
4 : : : . i
04 06 08 1 12 14 16

High pressure(MPa)

Figure 3. Change of refrigeration temperature with high
pressure, precooling temperature and cooling capacity

6. CONCLUSIONS

A JT valveless 4K JT refrigerator is experimentally
investigates, verifying its feasibility. It is confirmed that the JT
valve of 4K IT refrigerators can be eliminated.

REFERENCE
[11 ZhuS.:JT valve less JT refrigerator. 55 96 [E] 2018 FEE#H
F B LFEETE F£.2018: 102,

55109M1  20254F LRI T B E T AR 7E 55

£



3C-p02

AN

INLVAF1—T B S —a BRI LAIBEERSE

Study of the accuracy of PTR simulation results by measuring the refrigerant gas
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1. INTRODUCTION

The development of more reliable and efficient Stirling-type
pulse tube cryocoolers (SPTCs) is essential for space
exploration missions. Shared inertance tube SPTCs have
demonstrated promising efficiency at low temperature,
benefiting from their phase redistribution function and superior
phase-shifting capability for the low-temperature stage. In this
study, preliminary experiments were conducted on a shared
inertance tube SPTC to validate the effect of the phase-shifting
buffer on redistributing the phase shifting capability between
the two stages. Two identical linear compressors were used
instead of a step piston compressor to drive the cold heads. The
results demonstrate that the phase-shifting buffer has a
significant impact on the cryocooler's performance and serves
as an effective method for phase shifting.

2. EXPERIMENTAL SETUP

Figure 1 illustrates the structure of the shared inertance tube
pulse tube refrigerator. The two compressor motors are
connected in series to ensure identical current, and the
displacement and phase of the pistons are approximately
considered the same. Phase shifting buffers are connected
between the compressors and the refrigerator, functioning to
redistribute the phase adjustment capacity between the two
cooling stages.

Linear Compressor

Matching Buffer
&
Phase-shifting Buffer

Cold Head

Fig.1 Shared inertance tube pulse tube refrigerator

3. EXPERIMENTAL RESULTS

70
65
>~ 60 |
7]
3
@ 55 ¢
@
=%
§
250
—#— (Case A —@— 1%stage
a5 | - @= (CaseB —0O— 2" stage
==k=- CaseC
40 4 p :
54 56 58 60 62

Frequency, Hz
Fig.2 No load cooling temperature
In the experimental setup. the compressor was not
optimally matched with the cryocooler, resulting in insufficient
acoustic power delivery to the cold heads. To improve the
power transfer from the compressor to the cryocooler,
additional matching buffers were introduced at the interface.
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There are three experimental conditions: no additional phase
shifting buffer(Case A). phase shifting buffer added to the first
stage(Case B), and phase shifting buffer added to the second
stage(Case C). The phase-shifting buffer is integrated into the
matching buffer, combining the two volumes into a single unit.

Figure 2 depicts the no-load cooling temperature of the
shared inertance tube pulse tube refrigerator under varying
operating frequencies and different phase shifting buffer
volumes. while Figure 3 presents the cooling power. The
inertance tube configured at a length of 2.15 m and an inner
diameter of 6 mm.

20
—8— Case A —@— 1%stage
- @= C(CaseB —{— 2"stage
==k=- Case C
15 |
=
]
Z
210
o0
£
©°
=]
o
5
0 L I i i i i i

40 60 80 100 120 140 160 180 200
Temperature, K
Fig.3 Cooling power

Adjusting the phase shifting buffer volume allows for
aligning the optimal operating frequencies of the two stages.
When the phase shifting buffer volume is zero. the first and
second stages exhibit optimal operating frequencies of 56 Hz
and 57 Hz, respectively. According to theoretical analysis ['],
increasing the phase shifting buffer volume at the first stage is
expected to simultaneously optimize the phase shifting
performance of both stages. Experimental results confirm that
when a larger phase shifting buffer is implemented at the first
stage, both stages exhibit an optimal operating frequency of 58
Hz. Furthermore, the cooling efficiency of the first stage is
enhanced under this configuration.

Under this configuration. the cryocooler operates in an
under-phase-shifted condition. Although the phase shifting
buffer enables redistribution of the phase shifting capability
between the two stages. it does not increase or decrease the
overall phase shifting capacity of the pulse tube refrigerator.

4. CONCLUSIONS

Experimental results show that the phase shifting buffer
affects both the no load temperature and the cooling efficiency
of the shared inertance tube pulse tube refrigerator.
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Table 1 Content and purpose of switch operation

Operation | Content Purpose

o1/2) AL Charging initially
0(2/2) SW1:0FF :

1 SWZ2:0N Starting resonance

2 SW3:ON%SW2:0FF | Exchanging currents

3 SW2:0ON#SW3:0FF | Re—exchanging currents
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L. Wisich L7 Mg % BSRIASHIC I S 5 M ik © 10° |
fEm L . undoped
3 WL EE 15K

Fig. 212 {ERLL 7= MgBa /L2 O J, ORESHIAEHE &7, 05 1 2 3 5
BIZHf LT C %& 2% F—7 L7z BRI AATBR AR AR & fFF pH I T
BEL7-BUBHR, 15 K. MRES FO@V L 2R LTS, E, Fig. 2 J.-H characteristics of undoped and C-doped MgB»
700°C, 24 h ORI IFHBEROETE 28 LIER L7 C F— bulksprepared by the diffusion method at 15 K.

7 MgB, /3L 7 {238\ TR CI iR BERGE - 4 1B L C

WARWRE EFSO 2R LAAL Y, P TEVEW L AR L, ZHUMERBERGERE OB L7 MgO
OERZNR TIEBHTERVWERRTH Y, RO LER EEZWATWDH, #HFHTIZ C F—7 MgB, 23V 7 OBERL
RUEORIRL. BEBOEEIZLY S 6R5MEP J O LR fRERET S,

Z3E 3R

[1] J. Nagamatsu. N. Nakagawa. T. Muranaka, Y. Zenitani. and J. Akimitsu, Nature 410 (2001) 63-64.
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Effects of TiB2 addition for bulks prepared by Premix-PICT diffusion method

MR, FRIFR, oA JR, T - (FFR) ; Kk B, A8 s GL/—ER)
NASUKAWA Yudai. NOZIRI Syota, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
AKIIKE Ryo, MESUDA Masami (Tosoh Corporation)

E-mail: ¢5625072@aoyama.jp

1. &

MgB: (348 & R R B AR O TS OB R E T-39 K
FHLALEMICEE TERDBES . OB ik %
i T DI LG, A~ AT —O K MG HIZED
10-20 K TOISHBMEFINTWD, L, MeB: [R50
BREEHICBEABIREE J PAMICIE T 58058 N
Y, ez dGET 5L CER MG 26 MRI ZeE X0IE
RIS S ATREI /0D, bl MeBa M EFOREE T Je Dk
B2 MgB: O R = 7 ¥ —Th AR RO %
{EBRHEZhTHY, BAEAIIZBE )RR D E N MgB: #
BB DR O EL L, MgB: # & Ok £z
AR E o i, s EE B By oo FNSe, Ti,
Zr, Hf R E DG RENPBRFH THHIENHESN TS,
PLEoRobE, KR T, BEPO B FEEZHV, &
ER R E A2 D MgB: S ZOfERE HIEL TVA,
MgBz » L7 OAERIC T Premix fEALEIZ LY @& FE{LA Y,
KREEORA? 2 FHEORE B #HHEE MV, E5IZ TIB.O#
Mz ED MgB: fffhO IR 2072, Fio, iR AT
PLEREA BN DL LD IAFE MO ORI ED J Dtk
Eap T,

2. ERFE

MgB2 #L71E MgB2 ¥37RE B By (7 A F{b s ph L,
REEE~1 um HLITZBHF P ORIE~0.1 um)DIREHERICH
e Mg 3 R AL E S Premix-PICT HEHHEIZ LY (REHL
L7, SEERTORTEEAIZ B : MgB2 : TiB>=2: 1 : X DE/LH
LARAIHITHHR, JRAL, SUS316 &I EOHLL Y Mg bi
LLBIZH A, ~2 GPa O —El 7L AE ML, A9E
FHEPNTHER LTz, MR ORIEITR A X #RET, MR
ki SEM Bz, B R EREAN 1 X SQUID REEH4A F V-
BEALRIEIZ RV M L7z, Jo IXBELE AT U & AN S HEE
Bean EF /L& HWTRIHLT,

3. FEREEE

Fig. 1{ZRIfE~1 um D7 AT F (bR B ByR A Uk
L. 700°C, 48 h OFIZMVAERD %, 850°C T 9 h HEk 528
W2 EVIBST TIBAI MgBa 43 b2 D 15 K IZF1T5H J. D
B2, TIBRMEUEE L~ TiBA 3% — 7L
F=RUEHI RS Fomb Jo &L, Fig. 2 (ZRIF~0.1 um
Ol B AR, BVAR L AL L TIERLZX = 0,
0.036 DFELD 15 KIZEBITHE 8 FE(F) OB R4
R, RIRATEVLER (2 850°CT 9 h ERL7-X = 0.036 @
AEHIRL B R ARLTZ—F, 850°CC 12 h HEsk L7-3tE
T TiBARMNZED Fp 2ME T Uiz, sl TIE TiBRINEUEH
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[1]Y. Katsura et al.. J. Phys.: Conf. Ser: 43 (2006) 119-122.

[2] D. Goto et al., Physica C 392-396 (2003) 272-275.

10° Premix-PICT-Diffusion
O MgB, bulks, 2 GPa, Furuuchi B 3
T,  Mg:B:MgB,:TiB,=12:2:1:X ]
700°C, 48 h + 850°C, 9 h |
105 B Furuuchi B precursor |
10° |
—0— X=0
—— X=0.036
- —O— X=0.080
10° L —=&—X=0084
E —— X=0.108
102 L I
0 1 2 3 4 5

wHIT
Fig. 1 Je-H curves at 15 K of MgB2 bulks with various TiB2
doping levels

Premix-PICT-Diffusion
5 MgB, bulks, 2 GPa, Tosoh B -
Mg:B:MgB,:TiB,=12:2:1:X

4 + o
—>— T700°C,48h +850°C.6 h
3} —O— 700°C,48h+850°C,9h |
—{3— T00°C, 24 h+850°C,12h
Open:X=0
2 Closed : X =0.036 _

Fig. 2 Depencence of pinning force density on external field of
undoped and TiB2-doped MgB:2 bulks at 15 K.
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Effect of the grain size of the iron sheath on the stress—strain curve in MgB, wire.

Hh Bt R 5, $k %0, N R (A D),
BE Amd, (KEK), W& T, A B (NIMS)
TANAKA Hideki, KODAMA Motomune, SUZUKI Takaaki, KOTAKI Hiroshi (Hitachi),
SUGANO Michinaka (KEK), NISHIJIMA Gen, MATSUMOTO Akiyoshi (NIMS)
E-mail: hideki.tanaka.cj@hitachi.com

1. IZIL®HIZ

MgB: #8 OIS % KT TV 2 TEYABRE O ERIZ
BIAOT AMEOIRE - HE P HEETHS, filElo#HE T,
EIRTO MgBa M OFR AT 8, BULFIR P55
i ~OGHNZLE MgBr 747 A ML B FEMREA D
PTHTBLEHE CELIEET L[], —F T, MgB: #44
DIEHOT i TIEEREHEE L O MRl BT, KRk
= AORERR BT DI K XL, MeB: B OV %
MO TR EE 1) iz, Sk —RBRRIS S Ok diki £ %
FHEEBETHLERDDLEZEZ TS, KRETHE, #0
BRIFR] 238707 MeBa #B1 &SR EL, I h O Zethiitds L
Ok —AOFE SRR BT St R a1 5,

2. [ AUVT HehER DRI IBER TO L&

Fig.1 |2 600°C x 12 Weft], 48 WEHEIE /21T 96 MR THUL
BEL7= MgB: B OISO BB A 7R 7[2), FEMDE
i, MEAHEERTH Y, OT HHEET 1-2 (10° sec)
Th 5, HEFEIZSEITRRITEE L, SROFERIR 3
e 12 RFRBVABE O RIZAHF B35 &, FEHDIES BE
WIS « OB TEBEIRL TV 5D,

A MgB: #4464 OHER & IR Cdh D8k, R, TRITHL,
BRALERIR E 600°CIEBERIRLE & L CTHA T2, BULHRE
IO b F 12 BRI T bR OPWEIS Do S
nNaEEZLNE, LoTTHLER~HHLEED
MgB: #HZB W T, HiMERB LU MgB 7 4 7 A v
hOFRRFEOT BT, BABRE O REITHE L8, o
F 0 Fig 1R LI SkORBRROT 2T B1T 2 5l & HEE &
DFEOERE, ERUZ Tz MgB: #h gk — = &,
Z DR — ADEEHEE O 72 DI BEIS A OT A it &
AEAN L8 & T, BIROTARRRES D EEZTH
D, Z Z T Fig2 [Z#MTHE LIS O3 Adhf
2. OFTHEEIT Figl LR—TbhbH, ZHbOFKHRIE
96% DTN %2 600°C TEVLIE L 7= L DT b, #
WLERRSR] A 12 BERING 96 B ~L B 3 HI1E LY, KRR
MPMETF Lo Z E MR T 5, BULE O RIS LIZ X
W, BOBERIEBEATLETZDEEZOND,

3. BOHRAFELBRKRA

Fig3 |27 80D RIS ORBREEMEL, 2530
[317°6, FHHIRAE 200K, O Al 100 sec”! COEA H
HH L= bOTHD, RIENNSWIEERRISNEL,
IO T T D Fig2 (R L gk sh ORI 10~ 12 um
LHEM XN D,

Fig.d4 |2 600°C X 12 W[ THABE | 72 (a)MgB2 #44 & (b)
BRER OIS L AWM ER A9 2]. Zh bl
FryF oIl BORREEFEH LD THD, B
RP—EHAREATH D0, IEHOT AR OHEEIZHN
To(D)ERFROBIER L 0 b (aMeB2 ##4F ORIR /D E <, Brik
JEA s OT BB E O Z EHERI XD, (a)MgB2 #it
IR 10 um RO L O L EHAFEL, Fig. 305,
fr— A OREIRIE S5 300 MPa 2825 LHEI S5,
REHIRRATRS B S 1Y B ST 5,
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(2024) p.89

2. H. Tanaka, et al.
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180

Yield point of Fe
160 - |
140 = .
= Yield point ‘_‘ P
£ 1201 o Mongl =
= 100 Measured 12 hr
£ 80 Measured 48 hr
£ 60 : Measured 96 hr
v 40 = — =+ Estimation 12 hr
20 = = =+ Estimation 48 hr
0 —~ = = Estimation 96 hr
0.00%  0.05% 0.10% 0.15% 0.20% 0.25%

Applied strain at RT

Fig.1 Comparison of measured and estimated stress-strain
curves of MgB, wires sintered by 600°C[2].

350

300

=250

o
3200
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0

12h

48h
96 h

© Tentative Yield point
= = Approximated curve

0.00%

0.10%
Applied strain at RT
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Fig.2 Stress-strain curves of Fe wires sintered by 600°C[2].

300(}rain size 100 50 20 10 (um)
=
& 250 5 9
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> o
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Fig.3 Grain size dependency on lower yield strain of Fe[3].

Fig.4 Optical m

wire sintered by 600°C for 12 h[2].
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Study on high performance of liquid hydrogen level sensor using MgB: wires

il BT, BEOE, milll =3I (WFEKR), WA H—, @l AL (LARERRER
NAKAGAWA Yosuke, TAKEDA Minoru, MAEKAWA Kazuma (Kobe Univ.), FUKUMOTO Shoichi, TAKADA Yoshihiro
(Yamamoto Electric Works Co., Ltd)
E-mail; 247wb25w@stu.kobe—u,ac.jp

1. [FL&HIZ

LR BHC D A7) — m R X — L LT, ITEEAKEN
HEHEN TS, KFEE, PEBERFIC E LB LA
7oth, HERIRBR (L R EL CHERESZ ST
VAN & 215 R BE 1 e R 5 (R I3 (& i
U7 —LLTRASNIAA, ik FERICHEBIN - mE
ik A e, BT A 1T, 0B R E Rk
izt —E L TS MgBA b 2 =i (k35 i i
T — O R REIT>TWA (1], B —0@EtiE (L
Z HIEL . MeBaA M O SR B (s Fr it A T =57, 5]
RIS TP U D A7 M 732 DR G- 2 5 A i T,
BN FEIIZ W T, #4515,

2. SR WA BICEBEICE RS

{EIRBREE T Ci, MEHCBIBRIS DMK 60355, L
L. MgB:AR 44 OB G 8 F % L5 | RIS DO BRIZ W T,
FA RS TR, F2C, Wi T TMeBAE 125 5R
T M A T= e | B AR EREA F = S &5 I

N OBMRE AT, FEBREE R4 Table. 1, Fig.1 | Fig.2lZ134,

fli 1L 7=MgBoA#A4 (21X, BifR325mesh®D ~ 7 R 7 LKy R
(Oakwood Chemical®) & U /=, Fig. LT R840 p mRY
FFr £ (NilacoB) & | Fig. 21T 03 mD R 7 H KK
(Pavezyum¥) Z{ L7245 ST o, Wil 6, 519RE 15
REQRHFEBEEEBIRE(TNTE TL, BE%EER
FERE(A O Al mA L LS h o7z, E-Fig. 11k
W, IBNEL BN A 72358 TR 0127259, Finig
KEDIEPUEAS LA 2L ok R\ o, — 5 TFig2T
{3, ISNIIZ 72356 THIRPUEA0E TR F L/,
Table.1 Superconducting properties of samples.

Boron | Nilaco(40 x m) Pavezyum(0.3 1 m)
Stress TelK] A Te[K] | TelK] A Te[K]
10N 31.97 2.71 37.84 0.91
1IN 31.63 2.76 35.62 2.06
12N 31.57 2.78 35.18 1.95
13N 31.43 4.37 35.82 1.62
14N 31.53 3.40
15N 21;:15 3.75 35.27 3.12

Resistance per unit length

20 22 24 26 28 30 32 34 36 38 40
Temperature [K]
Fig.1 Superconducting properties of MgB: wire (Nilaco) under
tensile stress.

—125—
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2 3 S10N
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E:‘E 9 X1IN
5‘:. i A12N
=z 0 + 13N
kS O15N
|

24 26 28 30 32 34 36 38 40 42 44
Temperature [K]

Fig.2 Superconducting properties of MgB: wire (Pavezyum)

under tensile stress.

3. AMYOFEICLLHBEERFEDEN
SEATHFSE TIEMeBARM O Te & il AR FE O ih SIS0
Lz, RGDRROFRTEL, FINPEL TSICEELLL
10% THIML TR HERL 7, 20 B R EA <k
B AR ROREDPREWVEE TeME T 5203 otz
FITC, FOBEREHALHIZT DI, SICENZ T MeBAREt
ZAERL | BRI O A T 7o, ZOMMIZIZ~7 %
T AR 325meshA A Uy AR FEITRIEE 10 p mO KA
L7z, fE A Fig. 3103, SICEFIL TR 1
WMLz b~ Tes ER-L, F{EERFOPULMET
THZENTH T,
6

[ R =L

[Q/m]

XWithout SiC

O With SiC

Resistance per unit length

[ =

30 31 32 33 34 35 36 37 38 39 40
Temperature [K]

Fig.3 Comparison between superconducting properties of
MgB:2 wire with SiC and that of MgB: wire without SiC.

4. FLHESHDRE

ABFFENTLY | 5I5RIS T LU O A7 B MBI D
(EERHEC RS 5 AL EBRALNLR T, AT, B
LR ORY HB AR Z A TZMeBAR 122U Th 5| iR R
ATV BIRIS ) LB RE RO BIR 2 SO T N 5
HUBED DD, Fo, B OWTHBLER I KO3 53T @ L
T AN RS LR R L RIE TR o)
T HILEMELT S,

SEXHR

1.T. Oshima, et al: Abstracts of CSS] Conference, Vol. 106
(2023) p88.
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Analysis and Measurement of Current Transport Characteristics for Composited

REBCO Superconducting Conductors
FHE GRIK, PN E5, & B4y, BN B8, H L BREEEE TR
UTSUNOMIYA Ginta, ABE Singo, TAKAHASHI Masaki, TASHIRO Riichiro, INOUE Masayoshi (Fukuoka Inst. Tech.)
E-mail: mem24102@bene.fit.ac.jp

1. [ZLBHIZ Voltage lead
EERM LHRT A= A S OERIEHH B SRS
MR AT, BB RS- CE Y~ Ry MR ED
KREFEBH SN TS, & TR B SR A
OMOBRE Ui A BRI, BRI A ETE T
Bz B G ~OE TN TR R B A D L b2 5,
AWFECIE, 2 HeEiik 4 Heof HIE R E B 26
LS EOERONEEEREAEOBRERAG)E
THIERHMEL TERE CHRERRIT2{T-7120 T,
FDRERATOWTHEETT,

Voltage lead

2. RBHE

AWFFETIE, Super Power #EOJE 2 1lum @ REBCO %
A3 506 2mm X BX 50mm O A T A8 A
ZERIL, WEMEET-o7- T, B 2 M ointiaE
% 2 FEFEIERIL7-, 1 2%, REBCO #HfoiEdEiEEs 2 EC R T e, Eisalating fayer T
He et B HE Tz 7 A S R (A SR, ©9 1 (b) FFDS Conductor
L B % [0 A bR THEY A b - Face-to- Fig. 1 Schematic of a measurement sample
Face Double Stacked (FFDS) ¥k G b, Wb #ibt 2 #
DGk, EmicdilRa EHE T LiiEs o T

5, Fig. 1(a)\= BEsEHEAHERS R O Fig. 1(b)ic FFDS #50 Al =
WSR2 TR, T, FFDS Hi 2 MaREL el oS Caces

EHAEEIZOWTHIREEZTTo 7, B FIX8H =
WZEOHT 2, B EROBEREIR (1% 81 A THS,

3. BRERUER

BLAGHE AR L FFDS B A8 AD LE B4 Fig. 2 127
T, O T Bl GRS TIM 1 LB D L TH5
81 AZHE AT 100 A (L 6EE ERDBEAELIGD TVLD,
F77, 102 Vim fHECHF 78RR RUARRSHM 2 Hyic
YT 5 [-E FECHER T A8 - MER S L, 7851k
WZoWTIE—E B & g B o B oE S Ecsbos
£z bb, —77, OTHRT FEDS SIS I8 2 #0s

107 ; ‘

Electric Field £ [V/m]

(IS L DL CRIEAS E R LA, R C B e T T e
EEEREL L TOBRFH RSN, RS TR Current 7 [A]
ORI RRRES N o T, T —IE H &8 B o Fig. 2 I-E characteristics of the Simple Stacked
lsﬁa (:;ﬁﬁm Fﬂgﬁ?—?—ﬁ?bfﬁb ‘?’:bf’éﬁ)&t%i%ﬂéo ﬁf:, Conductor and the FFDS Conductor
2 HAcH S35 1 LUTF T, Bl K& At 10° —
WENT, T, BT HORASE WA —RE H O e wstne e |
BB AL ETICR A LB L TS T 107 ¢ s
bBLEXLNS, _ /
FEDS Mt 2 #2588 L= &4k D LE Fitk% Fig. 3 12 E 10} o
T AN C B K A AR R L7 1%, 220 A I e
ZBAT-HIHER A BRI, BHANC 4 KO [ o o
(ZFR S T DRFEA LR T D8R T3 ERE TS D, Zhud 1 5 o4 [ f
H 75 2 #LH O FFDS &38RI T 2B i R =
B M BELL COBD THHEEZ LN, 3 10|
RFRY B ITE RERIEC LD WIS A &7 |
AT OV THHE TS, 107 ¢
HEF m-vl T e o 1000
ABFZELE, [E SERFERE 78 B A = L —  PERERF SRR Current / [A]
H# (NEDO) MRS E AL, WM ISPS FHAfFSe JP22H02019, Fig. 3 /-E characteristics of the two-FFDS Conductor

JPH22H02021, 23K23289 DZEIZIWELNI-HDTHD,
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Measurement of Current Transport Characteristics and Statistical Distribution Analysis of
Critical Current for Superconducting Composite Conductors

E SR, e K, B EEER R TR A RIEGER); Lk BEEGERTR)
YAMAGUCHI Yuto, UTSUNOMIYA Ginta, TASHIRO Riichiro (Fukuoka Inst. Tech.) ; NAKAMURA Taketsune(Kyoto Univ.);
INOUE Masayoshi (Fukuoka Inst. Tech.)
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1. [ZC&HIZ

o T T SRR 1 R e S T A R R
FE (-9) B3, B2 50 BREECHH [ o Btk e
DREEZITHI, AT EOBERETR (L) WAL, &
EARD [ @Gl ATREME 3 5, AWFFETIE, BR
BHeD 3 M7 Lo@EREETO -V EETTHERE 49
RO L TEIEL, I OERIEERFIERHE DT
FRHTAAT7200T, ZORERIZONTHE TS,

2. BEAE

A [l F L7286 FR(Bi, Pb)2Sr2CazCusOy(Bi2223)H
BAC, RAMHHIEY 6 MRS TEERERNLE, &
(EDOHEZILIER 3 mm, EEE 2 mm THD,

77K, H CBES T TO Bi2223 #6 1 H 113 60~70 Al
THDHIZH, 6 BHiES I ED [ 360~420 A HHES
ND, 107 Vim OERIEELY 2 F7Ll EmuvER EToOE
72012, B K 660 A FIINCELHIE S AT LaHESELT-,
M E O SG- [RIEERE 10 mm TERA~<—AREH
CEARIZEATS, BT S50 7 oy 7 18R O ik
e bCHEEL,

ELE 4 S EICED SV AREEITIZEZ LS T, A X
{EBE T2 7,

3. EBRBERRUSBE

Fig. 112 Bi 15358k L1 fIEOFESA 7T, it 18
BOE ICHRELL Tha, Bk 652 A £ THIUIL, 10¢ Vim OF
FILHED S 3 #7 Ll Rl b= a I R I ClE AT 7,
HRIC Lo TEF 78D B NAD, ZHUTse i 3
I TE T T S SR M O BRI BB i 7 B O FEEE R
L 7R THY, SRR CEA 6 iS5 LE
PRI TWOBZEDNSE, S Z0LO 08T
RN EEZ RS,

Fig. 1 @ -E 8220 T, 107 Vim TED - R E G
DFEHAE Fig. 2 (@) IR T, SataAins 300 A A0
[T ERHLHIEN DS, Fig. | TR 27ERLIZE
R [ IZEHERRTED, FIC, 2 M1\ 102 Vim A LR L
TbEZOBRERBEOTIH DA EIMER LIz, TOHKEE
Fig.2 (b) |Z7=" T, (a) BT AL 0Hm N v —T 12> Th
b, W L AR TR EOREITH - T4, (b) 230
T, 360 A AN D [ AR IERD LV FrEARERL 2225,
HASICLOBERBBEALTWRWEENThol=2 b,
A OB ITHEPEL TWAZERE ZHNS,

TAZH I AL BT a1 ToT2, (@) BT 390 A %,
(b) [ ThE 540 A ZHPLOIZENFNLI0 A 27 —HHEHEL
TREHT LR B2 B B TR LT, R T
FHER 0.099, 0.064 THY, o 785EAETe (a) D HH R
T B BIERLIES MRS, BLELY, HED [ %
SIS AERCIE, HARRERVERTEIC DI IEEZTTD
R AUE, AR I EiE NG AT A ATREME A
HHEEZBND,
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Fig. 1 I-E characteristic for 49 composite conductors
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1. G. Hasebe, J. Japan. Inst. Met. Mater Vol. 80 (2016) 397
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In—field Critical Current Characteristics of REBCO Coated Conductor
with Artificial Pinning Centers Fabricated by TFA-MOD Method
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1. [ZL&IZ

b U 7 A o FEREE & F O 72 MOD (TFA-MOD) i T
REBa:Cu;Oy (RE 1347 HIHITH#, REBCO) MM OMERIZE
W, HBERUERD Ba #HRKEEE Ba-poor &S FiES %
I TdH 5, Ba/lRE=1.5 D3 EFiE/2->TOAHMR, ZEEDED 1
H—5 T, ZENIHTHBD RS TUEIZENBEE -
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Finite Element Analysis of Voltage Generation near Current Lead
in High Temperature Superconducting Composite Conductors
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Investigation of methods to improve the sensitivity of AC loss measurement systems using a
pick—up coil method
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SHINDO Hiroyasu,

KAWABATA Shuma

E-mail: k4683662@kadal.jp
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FHMELTWS, ZOEDICARE T, MEY 7R
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conference, Vol. 106 (2023) p. 103.

2. M. Sato, et al. :Abstracts of CS] conference,
Vol. 108 (2024) p. 54.
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Fig. 1 Cross—sectional view of the magnet for applying external
field.
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Measurement of AC magnetization curves and evaluation of AC loss characteristics
of a Bi-2223 sample coil under non-sinusoidal and high frequency current flow
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HAMADA Taimu, INAMURA Shu, KAWABATA Shuma (Kagoshima University)
E-mail: k3341858@kadai.jp
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2. BREREDIZEDERBEBNA DL TORET

HTS Y Faf il —A Bi-2223 5— 7 T%
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Fig. 1 Measurement circuit for AC magnetization curves.
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Semantic Segmentation of Microstructures in Superconducting Materials Deep Learning
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Fig.1 Differences in output for each algorithm
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Fig.2 SEM images of Bal22 prepared by (a) atmospheric
pressure synthesis method and (b) SPS method

£EA (XM 1

2me (EW 1 Grad-CB (B9 1) WS (EW 1 Grad-CAN (P 1) firad-CAll (F0: 1)

EES (XS 1 Grad-CA8 (30 1) REM (ES 0 Grad-CAN (BH- 1) RES s 0 Grad-CM (38 1)

(EM 0 Grad-CAN (BB O RES XN O Grad-Cil (30 O

Fig.3 Original images and heat maps for crack identification.
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Observation of filament fracture behavior in BSCCO superconducting wire
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Experimental equipment overview
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Fig. 4 X-axis strain 0.42% Fig. 5 X-axis strain 0.44%

Fig. 6 X-axis strain 0.46%
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High density fin structure of plate assembly type gas gap thermal switch
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Fig.1 Fin structure of plate assembly type heat switch
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Temperature(’C)
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20 LA A
0 3 6

Time(h)
Fig.2 Temperature history of heat switch operation of the
assembly type heat switch.(Heat load @=15 W case)

Table 1 Measured heat transfer rate of gas switches.

Cut mode type Assembly type
ON (With air) 0.657 1.12
OFF(Vacuum) 0.511 0.839
ON/OFF ratio 1.29 1.33
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A study of cryogenic hydrogen separation of pyrolysis biomass gas
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Fig. 1. Photograph of sun focusing system.
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Fig.2 Simplified diagram of cryvogenic separation system.
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Fig.3 Gas chromatograph of cryogenic separated gas.
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Design of a new probe for detection of dynamic field error due to “flux jump” in an HTS
dipole magnet
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. i o
Fig. 1: Left) Saddle-shaped HTS coils made of REBCO
tapes. Right) Picture of the HTS dipole magnet.
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Fig. 2: Simple drawing of the Hall probe module.

Fig. 3:

module. Hall probes are not shown in this model.

Three dimensional model of the Hall probe

E F
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1. S. Takayama et al., IEEE Trans. Appl. Supercond.
Vol. 26 (2016) 4402304.

2. K. Suzuki et al., IEEE Trans. Appl. Supercond. Vol. 27
(2017) 4600405.

3. P. Rogacki et al., IEEE Trans. Appl. Supercond. Vol. 35
(2025) 4003305.
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Effect of Winding Densities on Current Behaviors in REBCO Coils
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HTS~Z7 4k
TABLE 1
SPECIFICATIONS OF REBCO PANCAKE COILS
Parameters Values
Number of single pancakes 4
Turns per single pancake 50
Gap of pancakes (mm) 2
Tape width (mm) 4
Tape thickness (mm) 0.1
Gap of turns (Densely wound) (mm) 0
Gap of turns (Sparsely wound) (mm) 0.2
Coil inner diameter (mm) 25
Ee (Vim) 10
Je (A/m?) 1.5 108
& [, . . | Jp (A?)
12} 1
' l 1.0
8| RLAEE B
4! [o— (0.5
4}
[— 05
8! r 1
lamed 0
i | — . . : —
20 30 40 r (mm)

Fig. 1 Current density distribution in densely wound coils
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Fig. 2 Current density distribution in sparsely wound coils
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[1] H. Maeda, et al.. IEEE Trans. Appl. Supercond., Vol. 24
(2014) 4602412,

[2] H. Ueda, et al.. Abstracts of CSSJ Conference. Vol. 108
(2025) p. 131.

[3]1 F. Liang, et al.. J. Appl. Phys., Vol. 122 (2017) p. 043903.
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A numerical study on Screening current-induced strain/stress in REBCO insert for 33T-CSM:
Impact of edge impregnation
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Table 1. Specification of the analyzed REBCO coil.

REBCO tape size [mm] 4.1 % 0.15
Hastelloy tape size [mm] 4.1 x 0.10
Polyimide tape size [mm] 4.1 x 0.055

Thickness of GFRP plate [mm] 0.20
Young's modulus of REBCO tape [GPa] 150
Young's modulus of Hastelloy Tape [GPa] 210
Young's modulus of Polyimide Tape [GPa] 1.0
Young's modulus of GFRP plate [GPa] 10
Current to two-REBCO tape bundle [A] 361
z Analysis region S faa
REBCO col
[ :REBCO
. : Hastelloy
B : Polyimide
| H
— —
246-turn Dry Edge Full : Epoxy

Fig. 1 Schematic illustration of the analvzed REBCO coil.
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N Fig. 2 Mechanical effect: &g distribution in
(a) dry, (b) full, and (c) edge impregnated REBCO coils.
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Trapping Magnetic Field in Tubular Stacked Coated Superconductors

C. Yu, R. Sakagami, 1. Veshchunov®, M. Nakamura®, T. H. Dao*, V. Vyatkin®,
and T. Tamegai
Dept. of Appl. Phys., The Univ. of Tokyo, *Faraday Factory Japan LLC

High temperature cuprate superconductors (RE)Ba:Cu3O7 (RE: rare earth elements)
with large critical current density (J¢) under high magnetic fields as compared with other
superconductors are expected to be promising materials for applications such as
superconducting magnets and transmission lines. On the other hand, research has been
carried out by several groups on trapping high magnetic field in stacked coated conductors
(CCs), and the maximum trapped field record of 17.89 T has been achieved by our group
in 2022 [1].

In the present study, in order to make use of the trapped field inside the stacked CCs,
we drill a hole in the center of them to give a space for a sample which needs a large,
stable, and homogeneous magnetic field. To estimate the value of trapped field at the
center and its temporal stability, measurements using Hall probes during field-cooling
process starting from 9 T (Fig. 1) and relaxation process (Fig. 2) were performed.
Magnetic field very close to 9 T (8.987 T) was successfully trapped at the center of the
stacked CCs at 6 K. Very week relaxation is also realized 1 h after the field-trapping
process (0.01% decrease) by decreasing temperature quickly right after the completion of
field-trapping. In addition, a home-made probe was used for measuring the z-axis profile
of the trapped field. As a result, field homogeneity AB/B as small as 0.05%/mm has been

achieved.
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[1] M. Suyama ef al., Supercond. Sci. Technol. Vol. 35 (2022) 02LTO1.
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Helium Liquefier
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I VNS, S AR MAVELY
HARZEET AN AT EE
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FE71.0MPaG=' %85 P 32~63L/h 79~108L/h 153~233L/h
OREEE{CREN ™ 50Hz (14~29L/h) (34~50L/h) (76~115L/h)

( IARLN TR L A 40~63L/h 79~107U/h 143~216L/h
60Hz (18~29L/h) (33~49L/h) (69~106L/h)

HBE<HE (mm) & XH 1,300%2,600 1,600 2,600
EBTH (W) 50Hz 89~114 141~210

(RALFREREH) 51~75 91~113 133~224
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m RMIBE
ZE(CE[IH D> EF] FAI20um
{REE[AG] 2um

B88EEE [GdBCO] 2um / [EuBCO+BHO] 2.5um
FifElfE [MgO, etc.] 0.7um

EBEM[/\AFO-1®] 75/50um \ \

RS

#EZS 0.11-0.13 mm

R B@RSI>OF7PYVT

WHE (RHES | fREiR| RECE ERTT IR [A] =
o i | ]~

FYSC-SCH04 0.13 > 165 68 KTE=HL
FYSC-SCH12 12 0.13 75 20 > 550 1,104 AIE>#RU
FYSC-S12 * 12 0.08 75 — > 550 — AEE L
FESC-SCHO02 2 0.11 75 20 > 30 320 AIE>™
FESC-SCHO3 3 0.11 50 20 > 80 480 J\Il:'L‘ *2
FESC-SCHO04 4 0.11 50 20 > 130 640 AIE>
FESC-SCH04(05) 4 0.07 50 5 > 130 640 ATIE> "2
FESC-SCH12 12 0.11 50 20 > 450 1,920 AT, 2
FESC-S12 *! 12 0.06 50 — > 450 — ATE> "2

*1 RRFEESEMT1I2mmIBOAHBELTBDEY.

*2 ALEARIEKE - SBIBICHBIFBANIRY NPTV -2 a3 > BETOZERZHRELUTEDET.

*3 Ic(20K, 5T)ZBEETH . EEOMEERRIETIEDTEBDERA.

*4 AR EZENHRINA XTI DMICEAHETIDT., CTBEZ2NWEUESTHHATEUL . (5um. 10um, 40umsH)

KAt 7V 0S BEREED TEL 043-484-3048 FAX 043-484-2472

T285-8550 FEEBRAEETH/AIF1440 E-mail ask-sc@jp.fujikura.com

©2025 Fujikura Ltd.
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creative oxygen

HELIALEEELTWLWET,
SN CEEAD? AIR LIQUIDEZ
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FTOWALICKDIY - UF— RHRIETNcDH 1902%F, 5FED1907F(CFELHH
ATODBRRBRESFRNAI— LT, SXTTCEERDOERERTMELN ./ D/I\DEERG

LTRRELEMRORBZEHFHULTNET,

HELIAL SL ML L XL
Capacity 20 L/h 100 L/h 200 L/h 500 L/h
range to to to to
with LN2 85 L/h 175L /h 400 L/h 600 L/h

Comp motor
rated power < 90 kW < 180 kW < 315 kW < B00k W

B+t (AIR LIQUIDE#t) ROY—EVZERALTVLET,
Fle, RIEHRZSIZHILHICTY - UF— FERBEERRNTZECHARREZERTE T,

l.)ﬂir Li i JO—nN-2—=Fy b&TF7/05-18
creative oxygrg u d e T661-8558 ﬁﬁ%@ﬂﬁ?ﬁfﬁiﬁﬂ m4-3-23
TEL : 06-6429-2148 / FAX : 06-6421-6001

BEI7 -UF—-raEStt Web : https://www.airliquide.com/jp/japan Email : webmaster-aljp@airliquide.com
https://advancedtech.airliquide.com/
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T664-0837 EERMFAAHINIRSTBEIHF125
TEL:072-771-6132 FAX:072-771-6112 Email : shoritsu@arion.ocn.ne.jp
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T104-0061 FEIH P RXEBREET-12-4 KEFAFE )L
TEL (03)3546-1337 FAX (03)3546-6306

Hit%*i HH *E *i E-mail :info@meihosha.co.jp HP: www.meihosha.co.jp
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The Gas Professionals

e TAIYO NIPPON SANSO

ANJY ABSHRRE

Bis TRG-375DS TRG-340DS
EREE D 1) 18 L/day 10 L/day
BB 13kW/15kW (50/60 Hz)
TiE(mm)%2) W:740 D:740 H:1,670

BRUKER®E ASCEND400/ADHAH5!

— bE&E -
‘\ TAIYO NIPPON SANSO

The Gas Professionals
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B BIFEOISAARYY MIEEEDRFBZLCEDAYD AOADHIFEN CIEETT .
B AUDLDWFEERIAEERD, BEIFIEIC L ERMAEIN AIFETT .
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TRG-330PT
BRI 1) 6 L/day
HEEHD 6.5kW/7.5kW (50/60 Hz)
* &% ®:200 H:700
il‘E(mm))‘.éz) #lE1=vh W:500 D:580 H835
e —t
NMRIEEBEHTTI
TRG-305_DS
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ik TRG-305DS

BEHERE X 1) 1 L/day

EEBH 6.5kW/7.5kW (50/60 Hz)
: & f ©:190 H:660

SHE(MM)A2) | s -uh w:530 D:400 HE60

H1) 300KONIIAN 2R BRLLESERDET.
#2) FI2ATP-BlAEHERA.
HOMR- R S EET RSN TEVET.

IRAZRIZYS HAPER EREAFRS - TEERR
TEL:03-5788-8305 (4¥)

E mail:U04200@tn-sanso.co.jp




