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RI-LTW5. HEHfF% REBCO =4 VI B RIS HukaiA 23724,
REBCO (ZRHEL LN E TG, B E B A BT 5
JONTBE Y — N 5. LIedSoC, SR B E
CTBRICAE DR BN NS, FERFICE VB Z EE =T .
HEEILSLToELThH, IAVICEEEN AU S AT REE TR .
L7L, MIT/CFS 1252 20 T Al SEBR IS M L 7= B le
Wrakh T, REBCO aA/VIZHEHROBIMN RSN, @t
N —E P HEA TS Z e E R EL T, MR T LY
SN~ 7 Ry MR T D20 TS RN TE T,
REENAYICY = F (HEERE) 0 1 L O35 240 2
NHTE B FEEL UL, ZNETEIERE Yy T v 3
AN, HEES, KT 7AEFH T2 HFENRRG L TE-—
5 C, MEHET% REBCO AV DGAITIE, F B d )
B, A VOIS NSWEEHER T 2720, 7o F
TR SRR CTHELL .

T, Bx B FE FIEO—ETHD convolutional
neural network (CNN)IZH H LT, aA/VEE THlga BT
TETCNWD. HfEFHRICE > TR L 72 #i#% REBCO =1/ /L D
I FREEIEESFESEHILICLST, k4 B
EIET —20DHAK 4 BEOBLEHEEZ TR TEXHIEER
LTET[3]. ARBFETIL M REBCO 1A /L ZxtL ClRlkR
DT REEZT>C, THPERORAEZITS. £z, £
RARE L2 /AR 2L AT 5.

2. BFT—R (AL IVERE)E LU CNN EFI)L

Sl T — 2134 5 10145 partial element equivalent circuit
(PEEC)ET /MZEDI 32l —3ab BITWINESND. %5
3% 1R T REBCO /L ThY, B AT5H2L
TELNICE BEEBEEHE T 5. 2Ok, BETORH
EWEBELT, BOBRAET TR AR, S22 H
T 5. FRITORE RIS ONT=FE D 905 T L RGEEH D 4 3¢
a1 IRt OB ABRBEEL ©HD 5 BLIKE, K&<
ST TORMICHEBEEEE T 56, QoK B

TABLEI

COIL SPECIFICATIONS AND OPERATING CONDITIONS
Parameters Value
Coil inner diameter [m] 50
Coil outer diameter [m] 70
Number of turns [turn] 100
Winding method no-insulation
Contact resistivity [pu€2-cm?] 10, 30, 100
Heated element (1 ele. = 2 turns) 8th, 16th, 24th
Input heat [W] 7.0-9.0
Operating temperature [K] 4.2 (liquid helium)
Operating current [A] 600
Background field [T] 20

717

BI55E, @ - MAFEEEELLZICMAISILTHEE
EIRBEICHEIR T 25 A, @BENSLD LS BEEEG
LW S B TXD. 4 DORIET —XI3FNEhDsr
—AZH IR LTS,

BN FERAEIEEZX 2 177 CNN 7 /LIZ AL
THEEEES. AT 4 BBEOEE, ZifT —2L705H 7
IZZ D% 4 REIOEETHA. 3 @255 CNN B2l T
HE AL R E ORI S, 208 RITO & R FE
BELEIIL TS B CEEMEILEINDS. B LU
BRERIZ OV Y B IG5,

80 T

70+
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20 P (@10uvicm)
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‘ —— traning data
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T
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Fig. 1. Several examples of gathered coil voltages.

%_ Input (4 sec = 400 points) =.=:
s — =)
Stme = —CNN(5:4)
o A8 - activation(ReLU)
f . g Py
- CNN(5,4) S99
=ractivation(ReLU) = %
pes |
- CNN(3,2)
5 _- activation(ReLU) o
"l - Fully connected layer % =
- activation(linear) ad
o Output (4 sec = 400 points) g5
S el
g time “CNMN(kernel size, stridei: “ReLU: rectified linear unit

Fig. 2. Structure of CNN-based voltage predictor.
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Tape-to-tape contact resistance measurements of REBCO coated with metal-
insulator transition material
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9o

Tz ik, SI aA Vil g 2 &Eiigie e L,
_u 7 AHA FEa L RS (Pr,Sm,), ,Ca,Co0;,
(PSCCO)IZ#E H L 7=, HilE ORIR L4 - BB EEA T,
PSCCO %#fii L 7 4RIC B 1T 2 BRIEPIR O IR A
H2®RE L7[3], SI a4 voFEHRICHITT, PSCCO %
REBCO #i#f blca—F 4 v 7’3 2 LFHETH > 7=,
Airgecik, SEifRiEmelz a—74 v 73570k
ABHFEEHI E L, PSCCO &R NIV 7 KPS 27 Y —
Z{ESLL . REBCO ###f kica—F5 4 v 2 L1, 7.
PSCCO »3a—5 1 v 7"& 7= REBCO Ml a v % 7
FMEHIR 2 ME L 72,

2. REITE

VLV PSCCO it 7 (% fE8L L | &)@
BARERREIRIEDS T4 K £ 2 28K x= 0.4, y= 0.2 28R
L7:[4], V2% 7L S FElANE L FskE#H L T
1 BEERRRE L. PSCCO MR &AM N- X F)1-2-va Y ¥
Y(NMP) 24— I X9C 1 R LT, A5 —
ZEBIL 72, 25 Y —H0 PSCCO DRI HIE 17%H
YU B1%E L7, CNH6DATY)—%, FHIE 4 mm D
REBCO #i#f(7 ¥ 7 78, #ild > Z)oEFHANC 10
mm DHFPHICEAG L, K& 100 °CT 1 Rifdiz L < a
—F5 4 v LT,

Fig. 1 12, REBCO Mo a > ¥ 7 M &HT R, E
v b7y 7oK ERT DR T — Lz PSCCO
a—7 4 v 7 L7 REBCO #tf % & &, Z D ki REBCO
At oM % v THEE L7z, PSCCO #izix, # 10
MPa ®FE S % AL 72, REBCO Mo ESEH I IE. 1
(A-1 mA OFEFRZ AN LU CHEFRIE % 10 K-270 K
DAWRECHIE L7z, Rld, HIEIC L > TR o8
SEHERAS Y —2BA LI E OB E LTEBL 72,
3. EBERRLUER

Fig. 212, PSCCO AR 17%E L X 51%D A 7 1)
— 28 L 723N B B R DIREMR AT & . PSCCO
VI RDOBRBEIIEp S AEEb o7 a v ¥ 7 ML
RACDIIEMAM TR T, RAWKUTORTEREL 72,

727

R = pt €y
HEABIDEATH D, 50 um EE L 7z, PSCCO £
R 17%DREHZ, 10 K-270 K TR, A3 1 x 10°-7 x 10°
uQem® ¥ CHINISEA L7, —H T, PSCCO ¥
51%DFEIDR 1. 10 K-100 K £ T 5 x 10" nQem®
TIZIF—EE D, 270 KIZE VT 1 x 10° pQem® ¢
WA LI, SNSDRERZNV I DT = SEHHR L7
RECDURIEMAFE L LT 2 & R ERE(Hhn oz,
41k, PSCCO RUIHEZE L, Ry S 2 KOfH
IEDT B FETH 5,

Fig. 1 Schematic diagram of the sample set up.

Fig. 2 Temperature dependence of the contact resistance
R and the calculated contact resistance REC.
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Control of average resistance between turns in HTS coil impregnated with conductive resin

Bl A%, FEHR BEER, VAR SF, KRB &R, /I £, FIR &E, i BF CRZo X — 27 A5X); {LAMRT0RZ)
ABE Itaru, UTO Tatsuro, NISHIMOTO Shu, OHTANI Yasumi, KOYANAGI Kei, TOSAKA Taizo,
ITO Toshinobu (Toshiba Energy Systems & Solutions); EGUCHI Tomoko (Toshiba)
E-mail: itarul.abe@toshiba.co.jp
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EIRBEE A LVNEARET LRI, HEEBELZ L IRFEIRPTR O B 5 EBEIMERIRICTEIR L2 REBCO =21
TH—VBICER AT RIS ARERN 2R LB, & NERIEL, WIREHE T CEENMETT o7z, EEMME
— U RHRHL. BN CH A S III AR B R RED E NS I DOEPUEHIINCLY F—HiEtE 3 M4 —F —FIH7T 5
HEBHY B THAESGIITAREL TLEYBIANHS ZEIZRIILT, %I ASER AR TR EIRE £ D%
7 Y 2RI HIE T2 MDD, A lEl, TR R T COREEDOIMRFIZEED B,
HMEMBEICTEIRL. REBCO aA/VERIEL T, kil 10°
EHFE P CEEMEIT oI RO T TS,

fl

10

2. EEMHEOE-FE 10°

TR MG, T TV T T AT DI BB § e 5
JRICON T, MR KON 17 — R B9 BB 104 o
7147 = DR E CHLEMNET 47— Rk TR o

Resistivity of conductive resin

LT, PR R o8B e 2 U EL 72, Fig. 112, HE
PET 47—l RIS 2 BB ORI R LR, 8E
PEZ 47— HR OB HRFU=RAND T D A 25 D

., 10°~107% Qm A —F —OFiPH ThE A HIE T 7=, Fig 1. Resistivity of conductive resin dependency
on conductive filler content

0% 25% 50% 75% 100%
Conductive filler content (vol.%)

) REBCO O HE-ER . . .
3 CO A1 L Dt - ¥ Table 1. Specifications of REBCO pancake coils

%it'ﬁzl/f::/rﬂ/o)ggﬁé‘ Table 1 (:i&&bf:’_o 6.8 X 1075'\’ Coil No. #1 #2 #3
4.2X102Qm ORLDIWPLEOGEFEMEMIFEEH L7, K’ Tape width(mm) 4.1
BEFPTOBERBROME, 2L nflI%22~26 THY, Tape thickness (mm) 0.15
BRSSO D L2 MR LT, FI Mo Fl Tape length (m) 89
RS OB R L O v 5 0 50 AD RIS H— Toner diameter (pnm) 190

) . Outer diameter (mm) 184
Pz RfEDE, 59~3.3 X 10° pQ/turn &720, EEMEE Number of turns 200
OEFLRIZIVF — U MIHiE 3 Hid—& —THlfH T/, Coil I, (A) 88 86 88
Fig.2 (ZEEMEE OIRPURICRT 54— MK HLOFHA I{'VélPe 22 26 24
B L OEREZ RS, EEEBIEORI BB RENHE Resistivity of 6.8x10° | 7.9x10* 4.2x10>
. s ) . conductive resin (QQm)
(2 Z— RO FEHE A FHRARI F A~/ ST 23 5L Average resistance S orl0 o0 13010

BID, B TE O BRI ZDHRHURA O #6F D Cu A% g between turns (u€/turn)
DEPLO B E D F A LEOTBEDIRE & 2 HD,

c 10° E
4 REBERILBBRBTHRER( K S I s o
Wbk T TR B MG L7, B I i o °
A VEEDIED ANV T RS EIRDE=Z DT < § 10? 3 $
W, R LR TR LB ERE LT, $STOaA T, $% 100 o
HEAME 100%I<OEEEFMICTERTEINHELZ ;':n 3 F 3%
BN, Fo, RBRATE TV n O T, 1 § 0
< T R R R TTIT B R W TTTT R W T

FTROWHROEBEIEBAGZ AL ThaA AREDOH B 100
10° 10+ 103 102 101

PEERERS TET,

Resistivity of conductive resin (Qm)

S Xk Fig. 2 Comparison of the calculated and experimental values
(1) H. Miyazaki, et al.: IEEE Trans. Appl. Supercond, vol. of average resistance between turns dependency
29, no. 5, Aug. 2019, Art. No. 4602805. on resistivity of conductive resin
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Stability evaluation of quench protection circuits incorporating “varistor”
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bDHZEND NIRZOMRRA bR E DGO BE ML X
TolE 1 (FI3EED) O NVRZZEFTBE R L (R) .|
ERE BB EICE BRI AL = F RS
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EChHD,
3. NYR%E AW RER RO LR E M FTEE

AWFSECIE Fig. LR TERERIEE LI T3
L—rara—REERL., TR0 R TN BRI E
fzﬁfﬁﬁé ETCa—ROIEY AR LTz, KIZ Fig. 2 DX

12, NYRZBERANYARZ ORI 32 FHED DR X
’fﬁ AV ST D /- — AT O BT T4 K . MIITs
EEHULE, fg%::mik%@v\:v—/a/%;t;?ﬂ“é
VEENHDHT=60 A RIS TGPUE W= FIH L EH IS
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PRFE$T A MITTs B K& O S AZ O EAS BT (3500 A) &R
DI NYAL DR — RS FXF /= FERIIKL
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R TED DN AIRELIp o T, RFEFE TIL, ERROF A A
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Fig.1 Quench protection circuit
Fig.2 Shutoff Current of one varistor
Xk
T. Galvin et al; Experimental Examples of Quench

Protection With Varistors to Reduce Quench Voltages
and Hot—Spot Peak Temperatures, IEEE Trans. Appl.
Supercond. 32, Sep. 2022, 4702505.

M. Sugano et al; Test result of a full-scale prototype of
beam separation dipole magnet for the high—luminosity
LHC upgrade, IEEE Trans. Appl. Supercond. 32, Sep.
2022, 4003407.

K. Suzuki et al; Evaluation of the Parallel-Scheme
Varistors as Energy—Extraction System for a Test
Facility of Superconducting Accelerator Magnet, IEEE
Trans. Appl. Supercond. 34, Aug. 2024, 9501407.

K. Suzuki et al; Performance of the quench protection
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Trans. Appl. Supercond. 30, Jun. 2020, 4701206.
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Progress of R&D of SCSC cable in autumn 2024 (1):
Overview
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Fig. 1 Examples of fabricated cables.

Fig. 2 Coil wound with cable consisting of monofilament
coated conductor.
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Progress of R&D of SCSC cable in autumn 2024 (2): Derivation of empirical law of
hysteresis loss from ac losses measured in various SCSC cables

HE R, BEH A, WE H2GUR)
SHIGEMASA Mao, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto Univ.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [ZC®HIZ

SCSC 7 —7 /LTI, Fig. 1 {TRT IS, AL L

B % T2 7 D EDVIZANSA T IRICEXFITHILT,

FEEEIEANA TN EE Y FIZHACIAD, T4 TANDFES
ZHIHILTOB[1], Fx XN ETIS, a7 SCSC 7r—7
LD, IR 77K, BESIENE 0.1 T LLFICBT DR b8 5% 1
ELTZ, TOFRERAETNT, B 77 K LT, ARE 0.1 T
L BaE IR % 2255 T CORBMEB R ET T 5 F k%
REtTTHD, BLE RO IBEAT Y ABRIZEAL T
JLiT 13312 Brandt OBEFHIZIE SV PR ﬁ‘%ﬁﬁb\f

A LTI, FEBRAE DS PGS FE WLV G E R DT,

ZIT, FEREE RIS WZe AT Y BRI D7
EBRAOE AR QD AFERTIX, TOEIRIEH
B35,

2. REIROEESE

ZHETIZ, £E 100 mm @ SCSC 7 — 7 N EikiKEH#T
IRIEHHIL, B MO TR EZHML T, a7 Zi-727
— 7NV REEH T DA — H%%t@@ﬁéﬂméﬁ%
On ZWEL TEIZ, a7 DELR DX 2.5~5 mm, FRE1E wld
2~4 mm, 74T A ME welX 0.2~0.8 mm, 74T AN nelE
3~10, $EJES feu 1 5~40 um, BEL n i 1~8, FbF DA
n L 1~16 ThD, AT DEMNRLATV AR KT TE
HIXIFEALE BonenoTlz,

3. ERFYLREBLOHE E Brandt DIERICEDGRHIE

BRI B0 DO ATV 238K On 12 BT
FLROW—T5, fEAHEK O 1TEIE fITBIFT 5, ARk
DAEL, TATGAVIBIFZEAETEE L TWRWES, fEE
I E I D e 2N TE, BLHEL On
IR TET LN TED,

Qm = Qn+Qc = Qn +kf e
IO WAL TR E SRR K On 2T 40T+
LTFTHIET, EATVVRIEKL O T HZENTES,
ARIDFEFE T, EAT VAR RITE S 2K D,

Brandt & Indenbom DOEGHIZEDE, /74T A MR, B&
OEICAREE we D~ VT 7 4T A MRICTRE BB S EHIINE
NI EEDEART IV A KIFRIE Osuy, niOpis lZLL T DT
IREINB[2],

Qo1 = “‘"”‘;f, Tl SO Qg = @)
glx) = —ln(cosh x) —tanhx, H. = nlwt 3)

LM ORRRERTHY, e ATV AR TG VBRI
1595, SBIZSCSC A —T7 MZEBNTIE, B O n, #
MEaTOMAE a, p=1/cosa, BILUERM DA LT VIIRE
%J@LT AT UL AR B GHENL nfQ/r)nQeis £725, 2
TR, LR CRY mB0o TREL TR LT RE, 7

gj/v@%’fiﬂii%f*ﬁj_éo

n Qo = nyp Lt )
ERRZE, ERROL 7B LA EAT Y AE D FEEREIC
KLU TITH THRIUAEIC B LA s, 22Tl B RER
BIRDEI OCAT VL A R FF A L 9572012, (HE
BN ZOHBALIEEH WD LT 2,

4. %%ﬁ#%&iﬂ:mﬁo)tﬁz
Fig. 2 1, &% —2® SCSC 7r—7 M2\, JIERER
7R ﬁﬁEEHjé;m_txﬂ /X?Eﬁ%ﬁﬁéftw_ On / mpQo D—
Bil% FLENCoRd, F£7= Fig. 2 1T, Brandt OEFGOHEZEL
U:XTJ TARIHRIT 1ﬁ(2/n)anBIf/ Qo2 %, Y. Mawatari
\ZIEDE, T4 TA DL TW DB OB R %
%)‘E'Lf_f@ AE(2/m){OBLs + (nr — 1)Oms} / Qo BZEFZEHLEN
MTRY, 22T,
o)

osh?(H,/Hc) OH,

Q)
THD[3], ws 1TT7 4T A MEHDOIENE THD, HABONE DR
MbUn Sz, [RICARNE we =2 mm OF /7 4T A MR
LN T TATANRO B R ERE LT D8, ~ VT 747
AUNR O ETIL, T/ TA4TAMROBERBIRLY
21.3%(EK FL T\ e, 22T, B EIROIK T 239~ Tne—
)= 92&@% LEDLDLEL, —ARBHTZDOWNEE ws = wy
X 213% =+ (ni—1)=47.3 pm LEHEL, RG)IMCAL,

g
AAFFEIE IST ALCA-Next JPMJAN24G1 725TNZ JSPS B
WH JP23KI1355 OXIRE =T 126D ThHD,

SE

[1] N. Amemiya et al., Supercond. Sci. Technol., vol. 35, no.2
(2022), Art. no. 025003, doi: 10.1088/1361-6668/ac3f9¢

[2] E. H. Brandt and M. Indenbom, Physical Review B, vol. 48,
no. 17, pp. 12 893-12 906 (1993)

[3] Y. Mawatari, Phys. Rev. B, vol. 54, pp. 113 215-113 221
(1996)

Qums= Mme(ZH —Hy)ln [1 _

Fig. 1 Schematic view of the SCSC cable [1].

Fig.2 Example of normalized value of experimentally
determined hysteresis loss (symbols) in SCSC cable
compared with theoretical values (lines).
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Progress of R&D of SCSC cable in autumn 2024 (3):
AC loss measurements of coils wound with spiral-coated-conductor cable
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1. H. Uegaki, et al., Submitted to IEEE Trans. Appl.
Supercond. (2024)

Table 1 Specifications of coated conductor, cable, and coil

Coated conductor

Tape type SCS2030AP, monofilament
Tape width 2 mm
Copper layer thickness 10 um % 2 (20 um)

Cable

Outer diameter
Core material / diameter

3.3 mm, including insulation
Brass / 3 mm

Spiral pitch 9.48 mm
Composition of one layer Superconductor / Cu/ Cu
Number of layers 1
Insulation of cable Polyimide tape
Critical current”! 61.5A
Coil
Inner / outer diameter 80 mm/ 115.3 mm
Total number of turns 26.6
Number of layers 6
Inductance 87.2 uH
Critical current”! 56.6 A

#1 The criterion is 100 uV/m along cable.

Fig. 1 AC loss measurements setup.

Table 2 Measured phase difference ¢ (13.38 Hz, 10 A)

PM 89.86 deg.
WF 89.89 deg.

Fig. 2 Measured loss of coil plotted against current[1].
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Progress of R&D of SCSC cable in autumn 2024 (4): Numerical electromagnetic field
analysis models for coils wound with spiral coated conductors
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1. V. A. Anvar, et al.: SUST, Vol. 31 (2018) 115006
2. T. Mifune, et al.: SUST, Vol. 32 (2019) 094002

787

Fig. 1 Conceptual diagrams of model 1 (left) and model 2

(right)
Table 1 Model parameters and analysis conditions
Number of layers 3
Number of tapes per layer 2
Number of filaments 3
Width of tape 2 mm
Spiral pitch 5.6 mm
Diameter of core 2.5 mm
Bending radius 20 mm
External magnetic field 08T
amplitude
External magnetic field 100 Hz
frequency
Applied current amplitude 30 A
Applied current frequency 100 Hz

Fig. 2 Time evolution of total ac loss per unit cable length

Table 2 Total ac loss per unit cable length per cycle

Total ac loss per unit cable
length per cycle (J/m/cycle)

Straight SCSC cable 0.2563
Bent SCSC cable

(model 1) 0.2553
Bent SCSC cable

(model 2) 0.2552

HiEE

AT —HBITIST ¥EMSHOAERFJEHEtE 3 Jeumnyn
—R Yy =a— 7V H AT B 7 (ALCA-Next) 77 > b & 7
JPMIAN24G1 D X% 52T T2H D THh D,
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Table 1 Specifications of analyzed SCSC cables.

Name of SCSC cable 1L-1T 2L-1T
Number of layers 1 2
Number of tapes per layer 1

Tape width 2 mm
Number of filaments 10
Copper thickness per side 10 um
Substrate thickness 30 um
Tape thickness 54 um
Core diameter 3 mm
Spiral angle 55¢
Cable length 130 mm

Fig. 1 Dynamic regions of (a) 1L-1T and (b) 2L-1T. White
parts correspond to dynamic regions.

Fig.2 Temporal evolution of dynamic losses in 1L-1T and 2L-
IT.
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Progress of R&D of SCSC cable in autumn 2024 (6):
Characteristic evaluation of cable terminal
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Table 1 Terminal Parameter

Outer diameter

Terminal No. Solder /Inner diamoter Coating
1 In-Ag3 8 mm/6 mm No coated
2 In-Ag3 8 mm/6 mm No coated
3 In-Ag3 8 mm/6 mm Coated
4 In-Ag3 6 mm/5 mm No coated
5 In-Ag3 6 mm/5 mm Coated
6 Sn-Bi58 8 mm/6 mm No coated
7 Sn-Bi58 8 mm/6 mm Coated
8 Sn-Pb37.5-Ag2.5 8 mm/6 mm No coated
9 Sn-Pb37.5-Ag2.5 8 mm/6 mm Coated

Fig. 1 Schematic diagram of resistance measurement

Fig. 2 Resistance measurement results
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Progress of R&D of SCSC cable in autumn 2024 (7):
Critical current measurement of multiflament coated superconductors by measuring the
magnetic field distribution.
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ACMRERER A Figl (R, AW T, v FT74T7Ab
PHTRE e #HRLUIHERE Fig 1(LE#)IRT, /74
FTANMRETO Ie 13 3.5 A LINSLIRBN, = VTF 74T Ak
HRTO e 1d 48 A L, BELETORERRMES A—%T
DT EBHBNET ST,

4. F&O

VNV T T 4T A NROBACIETD Te B EIZOW TR
L, E7ATAIDOORG AT D EREDEETHIETIE
L3 Al 7R Z LA A SMIC LT,

St

ARWFTEIE, IST FRIEEOALEM TR HEE T i —R
V= a— IV E B % (ALCA-Next) 7 7 > & &
JPMJAN24G1 O HE=Z T T2bDTH D,

SE K
1. N. Amemiya, et al.: Abstracts of CSS] Conference, Vol.
104 (2022) p.126
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Fig. 1 Critical current measurement results of multifilament
REBCO tape by measuring the magnetic field
distribution.

Table 1 Specifications of multifilament REBCO tape

Tape width 2 mm
Number of filaments 10
Width of filament 0.19 mm
Thickness of copper layer 10 pm per side
Thickness of Tape 53 um
Average tape Ic 45 A

Table 2 Critical current measurement conditions

Applied field 6 mT
Measuring speed 200 m/h
Number of Hall sensers 21
Width of measurement arca 12 mm

Distance from REBCO tape to hall senser 0.8 mm

2.E-05
0.E+00
-2.E-05
E k05
o - .
6.-05 Each filament /c: 4.8A
-8.E-05 Filament No.1 7 = N No.10
Filament position
-1.E-04
-0.004 -0.002 0 0.002 0.004
x [m]
Fig. 2 Distribution of the magnetic field generated by each
filament.

Fig. 3 Distribution of the magnetic field generated by multi-
or mono-filament tape.
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Progress of R&D of SCSC cable in autumn 2024 (8):
Ic-strain characteristics for REBCO coated conductors with or without striation

ER ARHER (KEK) ;3N Btk (UR) s 3k 25 (KEK) ;e [z (LK)
SUGANO Michinaka (KEK); KAKIUCHI Masaya (Kyoto U.); OGITSU Toru (KEK); AMEMIYA Naoyuki (Kyoto U.)
E-mail: michinaka.sugano@kek.jp

1. [XC®IZ

SCSC 4 — 7 v (Spiral Copper-plated Striated Coated-
conductor Cable) 1%, MI{zEEAL —F — T~ F7
47 AMELTZ REBCO #i# %4827 OJEBHIZZEOL/A
HELUEEE A T 5[1][2], REBCO JEEAME T AN Elsh
TWAH—5T Cu BEBITRM 2E%E D 3—L Tk, &
R O [P KMEERC Cu Z3E Bl 2B SAD RS
NTNBIENRFRTH D, BAREREONE 5 17 BRI L
0, VAR OBNR WAL BT A A ORGSR I K IE T
EEEOMH BRSNS, —FH T, Fy—7U 7, aA
JVERR, BRI E LB OT R T TOARN A= —
a2 M LEi7z REBCO BEOBEMIIREEIZI G 25T
72N, ARBFIETIE, b EENM ES S mo5EO0T
HFEE <NV T 74T A MEE D REBCO #REIZ-DUNT
P U B DWW TS 5,

2. EEBAE

EERZH 2 REBCO #841% SuperPower £EHTHY, 1§
2 mm, Hastelloy Z5AK/EX 30 um, ZZEAL Cu/ES 10 um (7
WH7=0) ToD, ~/NF 747 A MEFF TIE REBCO JEEA
&7 1A 10 3 FIEAL TS, B D v 5 iERERE D Cu
OB HTIREFL, 77 K RIEHEIZIZONHAHET LT
BEL, EEX Y7 IR 20 mm &L7-, 0T AHIEIS
1357 — UK 25 mm O Nyilas BB OG- 24 L7, BeREIC
AWM TH0T AEEMsEent v-1 th#zRlEL, 1
uV/iem OFESFIEAE TSI EN (L) ZFHHL Tz, Fio, —ED
FTHAMRITERIL, I ORMEEHERELTC, SR ORAS
MPHLEEN Cu & Ag REEA LTy T 7T ROBREL,
A AE - BAMEE (SEM) I L0 RIEBI 2341170572,

3. ER#ER

Fig. 1 2=/ F 747 A ME72 L (Monofilament) , &V
(Multifilament#1) ® REBCO ##44 D [~ HpsEERT,
BLEIT 72T BRI % D L JIEND, L DSEIHAED 99%LL T
WK F T2 REVIERTA A OT I (g,) ZFEAHL
77, Fig. 1 IZRD@Y, £/, < /VFT4TA MEMIZON
T 13X 0.64%, 0.66% THNTIF T2 o7, g L EDOO
PLEAETO [ DIE FII~ VT T 4T A NG D 7D E
THDHN, TIUIET 4T A SOREEH I BRSO E i
ISR T DD EE ZHND,

RIC S F TRIOLGFTMHEI LT8O 1-OF Btk
% Fig. 2 \ORT, ZOBHEIL, 0.5~0.64%D O A& T L
METL, —HBEEL%, BOSHEDRETTHE0VIIRES
PO DSFERRE N2, 2O CIL LI E IV Z BRI
YT BHERL L TOTRIZED VT ERORIRZEN
PHEITH I > TWAZENFERINTZ, vV TF 717 A Mb
REBCO M CIXBEX Y T ORE LT 4T A MEDOERT
B DB VI iR OIREBEFBOBRIEINDZ ENRE
SHTEY[3], Fig. 2 DFERITOT HAFMIZEIVER SAD
BALBHI S QDI EERIBL TD, Y HOME T, 1~

1 RO OFAEAEIER SEM ICLBHUS BTV Tl
BB TR CHD,

HiEE

ARFFEO—EBIL, B KREHEE R ¥ (Em ¥ —
WL ET) OFE T E IR AR R B A OISR A IR
FLWEB D72 OMFFEH /11, 3BETY, IST HRESHIAIERF
TEHEME S SeB ) — ARy = 2 — T LB 58 (ALCA-
Next) 77 b &5 IPMIAN24Gl DX1EZZ T 726D TH D,

PN

1. N. Amemiya, et al.: SUST, Vol. 35 (2022) 025003.

2. N. Amemiya, et al.: IEEE TAS, Vol. 33 (2023) 4701507.
3. N. Amemiya, et al.: IEEE TAS, Vol. 32 (2022) 8001005.
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Fig. 1 I.-axial tensile strain characteristics for REBCO
coated conductors with or without striation.
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Fig. 2 I.-axial tensile strain characteristics for a striated
REBCO coated conductor.
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Progress of R&D of SCSC cable in autumn 2024 (9):
Study on electromagnetic design of HTS synchronous motor combining armature winding
with SCSC cable and halbach PM field magnet

A B, BT mr, NI SCITRR) ; BEES A, IR 2 (RUKR)
FUKUI Satoshi, SAKASHITA Ryosuke, OGAWA Jun (Niigata U.); SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: fukui@eng.niigata-u.ac.jp

1. [ZL®HIZ

< /LT T 4T A REBCO #44% FIE W i D=7 [ Bl A
PRATIVIRITEE T T2 A LTZ SCSC 77— Vi, Bl
M BER T DA R B 7 4T AL ML~ UL B S TR
TEHZE, ZRELICIVERBREORTEHBENRKEINIE,
BRI ENDZ LT E ORI EH T 5, SCSCHr—T V%8

Eiifz3

AHBFZEIL, IST BRESAOAIEAF JEHEdE 2L Jeno b —R
Y=o — N7V B % (ALCA-Next) 7 7 > b & &
JPMIAN24G1 DX RZZ T2 D THh D,

Table 1 Specifications of designed HTS motor.

%%%%ﬁ&l\féﬁﬂq?‘ﬂ ‘f ﬁﬁiﬁﬁfﬁ%ﬂﬁ Lct%)j(iﬁﬁijj Basic parameters
@iﬁ%ﬂ%é&%ﬂﬁﬁf 7335&%‘7_’5%50 Kl J}ﬁwﬁﬁmﬁﬁ“( . Rated voltage (line-to-line) 1103 Vims
f&’f\ET’C“ﬁ?ﬁ@%fﬁﬁﬁ@Fq%ﬁ o, MM EEAIRINZ D Rated current 6000 Ar.ms1
BN HAHT-WD, BT KEFE - ORENRDLND, Rated revolution / frequency 5000 min'! / 83.3 Hz
ABFZECIE, SCSC Ar— 7' L 0> Hi [k~ i Fi 12 Rated torque 5730 Nm
B . R Ny Rated load angle n/2%0.82 rad
T OO —EREL T, ISy EIE D KA il Pole number 5
SCSC 7r—7 VAW ZE LB T BRAEE DY MW Operating temperature 20K
W R EE B O B FHI DUV TRRET LT, Outer diameter 580 mm
e Effective length 285 mm
2. EHIEE B Field magnet : 24 segmented halbach array
ABFGECIL, MUZERIS A AREL7Z 3 MW / 5000 min™ £ Permanent magnet Nd-Fe-B
DERFHERETT D, FBETI, Sy BB DA HHEK A Residual magnetic field 14T
AaE R WD, %35 Fig. 1 TRT IS, FREWHmDK Outer / inner diameter 520 mm / 380 mm
DA % 24 fHARA O CTHEERICT D, B KA A % R Axial length 285 mm
(CART T INCERT BE, PR ZER B 7 2 Bxlflyg?ﬁe 2
BEG SRS AL, Z OB IT RISy 3R — A L CIEskiE oy Outer / inner diameter 580 mm /520 mm
MErp%, BT AANTENa N T D, BT R Weight 116 ke
TRFLL T O#@YTHD, Armature winding : Concentrated winding (6 saddle coils)
© BUF DStz 73 W i <15 B VR - M ea i 1 Conductor 14-layer SCSC cable
DA EMAERGER 5, Diameter (with insulation) 7 mm
- TR T BRI R VR LT 100 A/mm? B (20 K i) Width of REBCO tape 2 mm
- T BT 6 TAOVRELL, BB Number of REBCOWpe &
N . Rated tape current density 67.3 Ap/mm
i Liﬁé% 25 mm UEETD N Rated conductor current density 219 Ap/mm?
- RWERGATE, ERCO RS TA RSB E AT AR P 22 R Max. magnetic field 22T
ZRELRL DD, 2 MRfEd oY 0.4 T F2EE, BEEAHS 200 kg F2 Winding cross section 1114 mm?
72D EET S Turn number 21
- VIAFTAZ Y NDAR—ADTDIZ, FRihiaNEREE Conductor space factor 0.725
s T- MR DA 25 mm UL ETEIRT5 Ratgdhwmdmg current density 160 A]Dl/(mm2
- Al 95% THEA L7 5730 Nm (3 MW-5000 min™') A - 0k
el )

@ OTRDIZWrm ~HEICKL T, L FOSEMEHT-359
\Z, BT L OB, ERET, EREROMA

Al AR BT 5,
- BHETEROBEL S - 7 mm S, BRE S ERA
0.75 FRELTD

- 5000 min"!, FEFEAATTORRMHTEED 1000 Vims T
@ OOT %%htﬁﬁﬂ BT COMEE DL, Eik
TAERD R E TR DN, E S HH T F D AR TR
DI KIS PRI 2HEMER R BIREED 65 %Ll N
72HINT, FETTORBIA S K OWHEE 21T,
RO EE# LA Table 1, WrinilElsX% Fig. 1 (I2Eh < Fig. 1 Schematic illustration of cross section of designed HTS
AU, FRPEMRAT ORE ARSI HRE T2, motor.
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Progress of R&D of SCSC cable in autumn 2024 (10): Influence of position of low I,
region on protection characteristics of spiral coated conductors

Pl /A, B A, WE .z GLR)
NISHIKAWA Taisei, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [FC®IZ

A/SAZ VAR I SR RS 2 R, &8
a7 DJEVIZANRAZIRIE ST TG LD D, AR
MBI T ~OGHNAIHETH DT80, =22 ErE
ZhOLHIESILTWAR], Fox 1T, A ATV ERE R 5L
LTed = TR 7 0 7T DR EEL, AN TVERIZET

DRAHFEATFMLCB, 4B, BEEOA AT (2023)p. 11
RIZIBWT, B E RS E TSGR ORE R G 20
B - ST LT Table 1 Cable geometry.

_ Cable length 300 mm | Spiral pitch 10 mm
2. ﬁi**ﬁ:ET”' - FRATT SR B ) No. of layers 4 Tape thickness 54 pm

ARCCHCRBIE RS, —JORMEEOT BRI "0 of apes 7
FRRREZHAEDETZET VA2 FAWTANSAZ/VEROE layer 2 Tape width 2 mm
— BRI E T AT o lc, ATV RE~ 7 3k Core diameter 3 mm
DAANERIMEHT L2 ERL, F—7 V2R TOE
JERE LA IR P LD = L F — [N A AL A G E T . "
. Table 2 Anal ditions.
Detect and Dump (25257 T2 T H - RGEEHHE LT, Ini e
or PSRN nitial temp. 77 K | n-value 20
Table | IZFHITEIRT 4 JA/ A7/ AR OV TR & Tape / cable I 50 A/ | Time constant of

Totz, o, MRHTEETEIE Table 2 (R, ZOLX, BIEH k] aoon | oot 0.5
ROEE R EHOWREMAFEE LA F O TR, g K l;ro o loln

. Ic() _ a(T _ Tco) (Tco <T< Tc) (1) eterioration 10 A er@ma 10

c = 0 (T=T) tape Ic @ 77 K resistance at tape
(A7 FIR ClX Lo =50 A, a = 10/3 A/K, Teo =77 K, Te =92 Transport 120 A Terminal L KO
K U7, LiTj 1 i J8 Bi2&E I j & B OBcERE#RT current resistance at core
L, LITL F72i% L2T1 O RIZ/IAHEm AL L2 T Detection 30 mv Contact 5x10°®
fENTEAT T2, RIFTHILEIZ BTN D/RTA—2% [y = voltage resistivity Qm?

10A,a=10/3 A/K, Teo=77K, Tc =80 K &L 7=,

3. BWHER

a7 LKBIRERRO R T 7 R A i AL 5 A Fig. 1
WRT, 72720, UL LITL 28, (b)iX L2T1 5L TW5
ATHD, @)TIL 0.1 s 25 1.6 s £TIE LITI O
WAV TN BB O — 53 [FHEBAR AR O 4 B I /0 i L 72,
BIRIOY 2 — VBN LDBRERIRE X EFL, 1.65 M)
DITBIRE TR > QOB B E T 2278 2 J@H D t
HRERUC TR, SBIZ, 18.8 s LARRIT LW AMAl OB R
LI, 19.6 s (I — T VBENRINETE A4, &
RSN S, BIRAEE L, £2, () TIEBIERN O
LRI A~DHTNRE D5, 0.7 s SITEEETS 1 EHE
38 BICHTE LTz, i, 3.3 s ([ —7 )VEENMHE
EEMZ, BIRAERT S VETR AR LT,

AR EICELETORRIX()D I BN EL -7, (a)TIES
(LTSS N2 T IS E AL TS0, a7 12
BYPED DB NI T 5, 2T IIBRARERRE A TRFED R
HTREVOT, ARENKREL, FoFBERBEE L BB
ERREOBIEGUEIY NS, ZOZEND, a7 ~OHHilL 53
WX TRBEIRE R EIMADIENTEDLZLENE A TH
LEEZHND,

HiEE

AR —E X ISPS BHF & JP22H00142 DBk, —i6
X IST HERRSIUANEMFAEHEE G732 el — R =a—hT
JUHEAITBR%E (ALCA-Next) 772 M 5 IPMIAN24G1 D42
2T T2H DO THD,

P

1. N. Amemiya, et al., Supercond. Sci. Technol., Vol. 35

(2022) 025003

2. G.Xu,etal., IEEE Trans. Appl. Supercond., Vol. 33 (2023)

4701205

3. Y. Sogabe, et al., Abstracts of CSSJ Conference, Vol. 105

Fig. 1 Current of the spiral-coated-conductor cables in each
tape and core; deterioration in (a) L1T1 and (b) L2T1.
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Progress of R&D of SCSC cable in autumn 2024 (11):
Experimental study of current sharing between layers of two-layer spiral coated conductors

FEOCHE, /N B, BIE A, R M (R)
XU Guangwei, KOYAMA Yuya, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. Introduction

In a cable in which coated conductors are wound spirally in
multiple layers on a core, such as the SCSC cable, the current
distribution among layers could be not always uniform because
of the imbalanced joint resistances at the terminals and/or the
imbalanced inductances among coated conductors in different
layers. We developed a new method to measure the current
distribution in two-layer spiral coated conductors using Hall
sensor. We report the results of the initial experiment.

2. Measurement method of current distribution

If the directions and/or the pitches of the spirals in the two
layers are different, the longitudinal magnetic flux densities Bi
generated by the currents in the coated conductors in the first
and second layers (layers 1 and 2) are different. Here, we assume
that the spiral coated conductor in each layer is an infinitely long
solenoid. Then, the following equations are obtained.

Iy+h, =1 1

Bi=tl =l @

Loy Lp;
where /L1 and /12 are the currents of the coated conductors in the
layer 1 and in the layer 2; /: is the total current supplied to the
sample consisting of two coated conductors; Lp1 and Ly are the
spiral pitches of the layer 1 and the layer 2. If we measure /; and
Bi, we can calculate /L1 and /1.

We used a hollow copper core, on which we wound coated
conductors and in which we installed a small Hall sensor to
measure B1. The Hall sensor was calibrated in liquid nitrogen to
determine the Hall coefficient Ko of the sensor at 77 K.

Furthermore, if the directions of the spirals in the two layers
are different, and if their pitches are same (Lp = Lp1 = L2), as in
the sample below, Eq. (2) can be transformed as follows:

K
vi == (ha — h2). ©)
From Egs. (1) and (3), [i2/ .1 is given as follows:
e _ Kokovm) _
1L1—2/<1+ L It) 1 @)
3. Sample

The specifications of the coated conductor and the core are
listed in Table I. The geometry of the sample is shown in Fig. 1.
The layer 1 of the sample consisted of one coated conductor and
one polyimide tape whose thickness was 50 pum. The gap
between the coated conductor and the polyimide tape was 0.5
mm. The layer 2 consisted of only one coated conductor. The
spiral pitches of both layers were 15.1 mm. The surface of the
core was insulated to eliminate the current sharing between the
core and the coated conductors. Hall sensor was placed in a slit
cut on a 3-mm-diameter GFRP rod, which was inserted to the 5-
mm-diameter hollow copper core. The longitudinal location of
the Hall sensor was the center of the sample.

4. Results

As the initial experiment, we simply ramped up the total
current /t and measured the current distribution at one
longitudinal location as well as the voltages along the coated
conductors. Fig. 2(a) shows /L1 and /.2 as well as vu, Fig. 2(b)
shows the voltages per unit length along the coated conductor in
the layer 1 (vi1) and that along the coated conductor in the layer
2 (v12), and Fig. 2(c) shows /12 / IL1.

a) Phase A: 1=0-100 A

In this phase, /L2 was larger than /L1, [r2 / IL1 was constant, and
no voltage appeared along both coated conductors. The current
distribution might be dominated by the joint resistances at the
terminals, which might be smaller in the layer 2.

b) Phase B: 1 =100-175 A

At It ~ 100 A, the voltage appeared in the coated conductor in
the layer 2, which was carrying more current. As the
consequence, the resistance of the coated conductor started to
influence the current distribution: /L2 / I started to decrease.

c) PhaseC: /=175 A -

In this phase, vi2 was increasing drastically, and its influence
on the current distribution became more remarkable.

In this initial experiment, we confirmed that we can determine
the current distribution very clearly. At the next stage of
experiments, we will measure the current distributions at
multiple longitudinal locations to find out where the current
transfers: through the contact resistance between coated
conductors and/or at terminals. Furthermore, measurements will
be conducted in more practically samples: for example, a sample,
in which one coated conductor degrades locally.
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Table I Specifications of the coated conductor and the core

Coated conductor width 4 mm

Substrate thickness 40 pm

Copper layer thickness per side S um
Critical current at 77 K*! ~117 A
Spiral pitch 15.1 mm

Diameter / thickness of hollow copper core 5 mm /0.5 mm

#1 Measured at Kyoto University.

Current terminal —
(copper block)

Current terminal +
copper block
¢ pp 4 ~ 100 mm

El Vi

Hollow

copper —|
core : i Vie
Coated conductor Polyimide tape Coated conductor
(layer 1) (layer 1) (layer 2)
Fig. 1 The geometry of the sample.
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Fig. 2 Measurement results; (a) electric fields, (b) Hall voltage
and coated conductor currents.
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Critical current characteristics of PbMogSg superconducting bulk prepared by SPS method

under high uniaxial pressure
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1. [XC&HIC

PbMoeSs AR ERITHIEMRIM L L TEHRIGHIN TS
NbsSn (2T EE GRS Be 23 51 TU2 K)EEVWETH
08, BEEMECAR T E R L ORIEN SR R L OB 7
PITOINTWRWN, £ T, L IZTATHRD SV IRHEL
TOFEEMEZ X T2, ZNVET Nb JHERT UL AN T V%
FHVM = PbMoeSs ABARE S A7 RO VERLUFIEZ R L, BER
BB EIZOWTHRELTEZ[1], Nb HEEANWDILETAT
VLV RED RSB E LRI D2 720y PbMoeSs H3E Y
TETe, UL, BHEEFRIT60%E EERL, HBHiz L5 10'A/cm?
RIEE CTHAT-ZENLTIEEDOM LN RAI R THDH, £2
T, AR TR, BT T X~ B 15 (Spark Plasma
Sintering : SPS) & FHV N TR FE 72 PbMogSs B m AR 2 ERLL |
Fe it R LG R B R OB OV TS 15,

2. EEBAHE

JEUEE Pb(99.9%), Mo(99.9%), S(99.99%)% H\ T, £3 HikK
& TH2D PbS, MoS, & [EHHRKISIEIZEVIER LT, 2D
PbMogSs DYEFLD 7= PbS:MoSy:Mo = 1:3.5:2.5 THFEL.
—BHE ) T CIER R E R, SUS EDGERFTZ8 Nb
ECIEMERE A, Ar FFART TAT LA (SUS) BEIZ
B A%, 950°C-24 h ORERLETT o7, 151072 PbMoeSs A
A E 72 CHIINE ST 50MPa, # A A A X ¢ 10, {435
£ 800,900,1000,1100°C , $REFIEE 20min DS THE S
A=< REfETE (Spark Plasma Sintering: SPS) (ZX0 /v 274k L7~

OB FA I F AR O R BT X BREIHT (XRD) S, ik,
HIEICIE SQUID B a2 M-, MR EBRBE 13RI
HET —2 IR e — =7 VA W THE L,

3. EERHER

Fig. 112SPS L 7= PbMoeSs /L2 0 XRD 784 — > % 7’
SPS RJEIZ/K 59" FHH1Z PbMoeSs TdH D, LA L. SPS #%
DT XTORE TR TH D MoS, DE—7 BRE BT,
SPS HIy R ClX AL BN o722 & n ., SPS I X A HN
BUC LSRR o720 &R D,

Fig. 2 12 SPS IRJE & S E DO RIR A /RT, SPSIEDEA
L SPS BEFEEE A LR SHTWL Z & THREERNE L
720 HFIZ, SPS1100°C 3L 7 TIXFEHR 97% & L 0 s 7
VT BRELRI,

Fig. 3 124307 BB OBL OB BERIFIEZ 7R3, SPS
BB SPS BERIBEED ERICKY TLOBKRTRALN
720 PbMogSs BBAREAR DR & U CT{LFEim b B DORLAL
OFTHIZ XV BEE/FEMET T8 Z EAMEI LT
5[2], 2072, SPS OFEEREIC L DO T oA
MCoH D MoS, DA T. DR TITEKR L TWnD EE 25
N5, 7=, &b FEROE VY SPS1100°C DL 7 TR
WMER R SN2y o72, T D728 SPS IEE 1000°CLA T T

TOVERD D,
SRR CIIMOMAHRR L 2E . B BB /. ORGIKTTIE
WZOWTHET 5,

AMoS
? S 2 - o & T -
S TA ‘_ T2 s Z |
> G5 tocz0min
[
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Fig.1 XRD patterns of PbMogSg bulks after SPS
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Fig.3 Temperature dependence of magnetization of
PbM0588 bulks.
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1.D. Kaneki et al.: Abstracts of CSSJ Conference,
Vol. 105 (2023) p.80

2.Y.Kimura, TEION KOGAKU(J. Cryo. Soc.
No. 2(1979) 51-63

Jpn.) Vol. 14
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Trapped field properties of dense Nb;Sn bulks fabricated by infiltration method

B A, Wk B2 CaTFNR)

TASHIMA Yoshihisa,

NAITO Tomoyuki (Iwate Univ)

E-mail: g0324121@iwate—u.ac.jp

1. [ZC®HIZ

NbsSn MRERD FEERARES He = 24 T (4.2 K) [101%
MgB:D Hep = 10~20 T (4.2 K) &V &L, -, MR ERE
B Jo ORGHHARFMEN IS, Fie, BN ZE
MNHLAE IR CRELDBREE SV I B0 2 R C& D L W4
END, Fex OB NV —F TIEIZNETITR =LV ik
L SPS OF A O E TR NbsSn 7 L7 AEIL C& -,
Z DIV DIRESIE 10 K IZBWT 6 T UL B
% [2], L2SL ex-situ #ETHS SPS k0 in—situ 15 THERIL
725 DB DOFE S PEN BL7ZRY, OW TR RS 2310 _E
INAHEHFFIND, EZTARISE T in—situ I THOEE
JETR SN T R G DN DIRTEEE VT NbsSn 7SV 72 AERLL
T ORGSR A ML 72,

2. EEBAE

JFUEHT Nb (B3, MEE 99.9%) . Sn (By=K, HEE 99.99%) .
Cu(# R, 99.99%) ., ZH 7=, £ Nb : Sn =3 :1
(Sn=8.363g, Nb=19.637g)& NbySn 125t L T 1wt%? Cu ZFF &
L. Nb & Cu ZHENALET 30 DIRE L=, ZORAHMERE 1
HHE S T OEA 20mm, JEE 10mm ([EREML, o kic
Sn ZIEEL7-HE Ar F5PHR T 850°C, 800°C, 750°C-48h @
BGLEL 24TV NbaSn #RE S L7 2 ERILT-,

YESLL 72 NbsSn 7 S/LZK1% X #REHT (XRD) (2> T i
FERE LTz, &D% | 835 him A5 R (FC) 15 CHEBAEAT
S TR &3 L 72, £7-. SQUID REHEHZ I TRlE
L7 b AT U AR DILRR E — T L& AW T
R L7,

3. EERHER

750°C /L7 4.069g, 800°C/3\/L2 2.245gDFERE Sn 73
PRENTz, BULFRIRFE N FBIIHE- T, Sn OB RITH 2
NbsSn DAL BT T L7z,

Fig.1 12 750°C /L2 ® top, bottom D XRD /X% — %7
I, 750°C/ L7 D top 121 NbsSn A AS 21TV V=, Bottom
DOIMBUTIEIRD X127 5 TEY XRD 7842 —2 235 Nb 3
TAMREL TBIISZ, 800°C/ L2 T RAEDFE £ 355
iz, L EOZEI0EVLEIREE 800°C, 750°C Tl 10mm @
JEED 3V DVERLNITRE DR+ ThHDHZEN I35,

Fig.2 (24 3Bt OHIHERES O IR B F A R, TR
il 7150°C I B—F < TV EVLEIR B O(R T IC L
L BRI R OIHNZ L D3N RTE LB 2 HID, NbsSn DA
Bald 750°C VI NI nEE 2D, TNl E
VA BRI R O BIHNC R DR A REWEE 2 bID, $Te
800°C v 71% 850°C/ S22 ~_TIE WY, 24U NbsSn @D
AREMETLTWENLEEZHND,

ST NbaoSn 7L OER B J L0 Tl
DT ETHD,

S E Xk

1 K. Tachikawa, TEION KOGAKU (J. Cryo. Soc. Jpn.)
vol.45 No.3 (2010) 88 - 98

2 T.Oyamada et al,:Abstracts of CSSJ Conference,Vol.104
(2022) p.94
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Fig.1 XRD patterns of top and bottom surfaces of
NbsSn bulk fabricated at 750°C.
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Fig.2 Temperature dependence of the trapped
magnetic field of NbsSn bulks fabricated at
various temperatures.
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Effect of Zn and Mg doping on Nb;Sn layer formation in Nb/Cu—Sn—Ti diffusion reaction

EI A, B H MRS RS 55Kk #h, % 158k (NIMS)
ASAI Koki, YAGAI Tsuyoshi (Sophia University); MORONAGA Taku, BANNO Nobuya (NIMS)
E-mail: kouki0204@eagle.sophia.ac.jp

1. [ZC®HIZ

Nb/Sn HEBU T LT Ti WAL, Bb4 D 5B R
BRI (Bl ESEAHZETHONTWA[L], LAsL,
Sn FHA~O Ti #INE, Nb/Sn ST NbSnTiCu DAk
GWFERREMEL, ZAUAS NbySn JBREZ IO Sn 15 Bk
2055, ZOLEMERLELSE, TI TN N TH
Sn JEHKEARET HZENRDHNDD, ZOMEIZOVTD
BRI TR ES D20, T, RHFFETIE Sn LB
R ZETmbng Zn & Ti WINEEHIFTHZET,
Nb/CuZn/SnTi 23T DIER IS B2 ~7=, F72, Nb;Sn
FE R LIS L T EOEN R OND Mg HRN2]h
FIRFICATVY, EDORNRE T T2,

2. EBRFE

A W22 T 1%, (ANb/Cu/Sn-1.6wt%Ti, (B)Nb/Cu-
15wt%Zn/Sn-1.6wt%Ti, (C)Nb/Cu-14wt%Zn-0.2wt%Mg/Sn-
1.6wt%Ti, (D): Nb-0.8wt%Ti/Cu/Sn LAFRIEDFEIEVERIL
72. Nb/Sn/Cu #AEM%Z Cu BEM ~LHFEAL, EHAE 0.6mm
FTHBIN T L2, ZhEEZEF T 500°C/100h O T 24
WEREEL, D% 650°C/150h F7-1% 685°C/100h D 2FE%E
DESLFRZITUN, NbySn FAAE AL LT,

3. EERIERLER

11245358+ 650°C /150h, 685°C/100h ZAILFE 1% OAJFBE
Wi > SEM 1, 2 LIRS dbhia R,

650°C/150n VLR #% ¢, #oBHA) T, EREkEh -
NbsSn J&& Cu-Sn BOMITZEE L= NbSnTiCu DT LA
WIS RSHT7, 2308 Sn D Nb ~OHFEEEREL 720 NbsSn &
TR A2 o7 B 2 bND, Zn IRIEEHB) TH R DL
YN ROENTZN, SR TIHEELTERY, Sn DLk -
72670 0T, ZORESR, FEKB) TIE/EV Y NbsSn JE AL
INi=EEZBND, Zn & Mg OEGINEEHC) T, 3 EHB)
LALLM NbySn BZELE/2Y, Mg 23 Zn RO %
PHIL 7, RBHD) T, Wb &I SR oTz,
685°C/100h ZVLER 1% TIE, T TOFEFTEV NbySn J8@ D
RS Aoz, EHA)MNB(C)TIE, 650°C THFTEL Tz
Ti LA WFEANEA L TIY ., Sn JEHS BAFICHEATZ LW 2 B,
— 5 C, WitibamEo B0 EHD) TR bEN
NbsSn JE RS T,

FEERLAEClE, FEHA) EB)E LT 5 &, 650°C685°CEL
SLEROTE J5C Zn BMOFENB) Tl 2T AR L 23
Fbi7z, Mg OFEEINEEHC) T, #dbhiiii{tas 650°C
TIEHALNT, 685°CTITb T ALNT,

X212 650°C/150h ZALERE. O Mg FsINFREHC)D> STEM-
BF #%& EDS wwE 7 %779, NbTiSnCu PUICHHN T Mg
B BREIZEFL, NbySn AHAN~OILEIIME TH -T2,
DD Zener B =X DR RO LE TGS
Nigmol-E 2 6N5,

SiEE
AFFE0D—HEBILISRSEHFE JP23K 04453 DBk %52 1) 72,

650°C/150h 685°C/100h

Fig. 1 Cross sectional SEM images"(;f the reaction layer
(acceleration voltage: 20 kV) for (A)-(D) after diffusion at
650 °C for 150 h and at 685 °C for 100 h.

Table. II Average NbsSn grain size of samples (A)—(D).

Sample (AN-C-ST | (BIN-CZST |(C)N-CZM-ST| (D)NT-C-S
650°C/150h | 116(nm) 109(nm) 124(nm) 94(nm)
685°C/100h |  207(nm) 167(nm) 173(nm) 164(nm)

NbSnTiCu

Fig. 2 STEM-BF images and EDS mapping (at%) of sample
(C) heated at 650 C for 150 h for the NbSnTiCu
quaternary phase.

S E Xk

1. K. Tachikawa, et al.: High—field superconducting
properties of the composite—processed NbsSn with Nb—Ti
alloy cores, Appl Phys Lett, vol. 39 (1981) pp. 766-768

2. K. Togano, et al.: Effects of magnesium addition to the
CuSn matrix in the composite—processed Nb3Sn
superconductor, Journal of The Less—Common Metals,
vol. 68 (1979) pp. 15-22
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Preparation of Cu—Zn co-doped Sn alloy core and formation of NbsSn layer using it

PEBFEIR (NIMS); EHMA (LR RS, NIMS), £H |l (EFKRT)
BANNO Nobuya, (NIMS); ASAI Koki (Sophia Univ., NIMS); YAGAI Tsuyoshi (Sophia Univ.)

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

1. [ZC®HIZ

NbySn BB 1T, RAMEACRL - IR F AR i~ &
o N ORI & o TWD, 26 DRER T, T
R AT SPED NbySn M BT TH Y | & iEABIRE
T2 TR, MM a A IR Ty —~v U ARELEE
RMETHD, IR MT =< AT, UL T—DFTH
A v EABRRPEICEBICBIR LT D, BAF2RRRIE I, T
BMOVARAZEMHIL, ZEEV EZRLELIES, BT, B
7B ST o A%, BAF e Wrim ek OfERFICE RS 5,
RAFFETIE, Sn L Z K S DH 72012 Cu & 7n &3t
WML 72 72 Sn @A ER U7z, £ ORI, #HAL
BIOBEZFH (1],

2. REEAE

Sn A41T Ar FIHR OB OFEINEE TG L7z, IR
MIEsE E LT Cu, Zn, Ti ZRHWz, KRB P E &
MAGDOECTRAYERAR LI, ZDREWE Cu OFILS
PLEWSMB L 72, T1 OEINTIE. T B9R (=325 A v 3 =)
W, IBREWIL. Ti DNEEICERMBT D DIk
i, —EOIRE T L 7=, 3B Ok 13 3 s H A
AT B (FESEM) AW CEIZE L, Mo
FESEM |\ ZAFRET 5 = 1L F — 43 B8 X #4361k (EDS) %
HAWT T o7, Wimix, 946 mF 1 Ve NIREIR T
B L., &K TR CTIHEMELTELT 72 0.06um BEX
N0.02um A XY K (MasterMet, Buehler
HED) CHIBEELT-, Sn SO, v A /vty h—
AREEEE % VT 0. 025kgf DFE S THIE LT,

WHLL 7~ Sn 54D 9 H Sn-20Cu-30Zn-2T1 B L X Sn-
10Cu-40Zn-2Ti # AN TF 2—7VEIC LY 19 FDLFHR
ZERLU7- (Fig. 1), $EBOOREAIZ, Nb/Sn 41 L <
X Nb/Cu/Sn &&AHH LTz, %&IX. &V Sn OIEHER
BN S EL-0ICHEN CuJBE2 AL HETH D,

BT, NbsSn MIERR O 7= ® 2 4h O FIRKHE T
100h/650°C DEVILEE 24T - 7=, #kHZ. 400, 500, 600,
650 °C, 20h/650°C, 50h/650°C CTHEA>HIERY H L., i
R DOWFRIZ L 2B LT,

3. EERIERLER

Table 112, Sn A&OFKEMITIE, v b — AHE
Hv) & F & ®7-, Fig. 212, REMN Sn &EOMBEME T~
L7, SniZ 50at%®d Cu & At s &, BRI ¢ ~CuSn FHAS
ARSI, MTTEWNY 7y 7 B35ETDH, —FH, In &
LN 2 2 LT (FlxIE 20at%Cu—30at%Zn), h—X& /L
FHLAR T 50% D ITEHRIRMMA AFE L 72 D, Table 112777 L 9
(2 Cu-Zn &2 ILIRINT 5 Z & THEHR D Sn-2Ti A&,
Hv 78 2 581 IS B K FATHETdb 5, Fig. 3 12, Sn-20Cu-30Zn-
2Ti % FVTHESBL L 7= #64  650°C X 100 h ZAKLER#% D
Beard, CulE720EENCIE, Sn OYLHBEKE) 7103 K X
W2 LD REITHLIK 72 NbaSn BAERL S D,

HEE ASHFIEIL JSPS BHFE JP23K04453 OB =% 1T 7= 1
DTY,

SEXHR
[1] N. Banno et al., presented at ASC2024, 3MOr2A-07, Salt
Lake City

Cu-30Zn-2Ti

52400 pml

s, 1%

Fig.1. Cross—sections for RIT Nb3Sn precursor wires without and with
a Cu thin layer.
Table 1 Specifications of Sn—alloy (composition: at%)

Name Sn | Cu Zn | Ti Ductility Hv
Sn—2Ti 98 | 0 0 2 Good 11
Sn—20Cu 80 | 20 0 0 Good 32
Sn=50Cu 50 | 50 0 0 Brittle —
Sn—20Cu-30Zn-2Ti | 48 | 20 30 2 Good 25
Sn—10Cu-40Zn—-2Ti | 48 | 10 40 2 Good 20
Sn—317Zn 69 | 0 31 0 Good 20
Sn=5Cu-5Zn 90 | 5 5 0 Good 19
Sn—20Cu-5Zn 75 | 20 5 0 Good 23

Fig.2. Comparison of microstructures of typical Sn—alloys.

Fig.3. Comparison of microstructures at the reaction interface after
annealing (650 °Cx100 h) for wires using Sn—20Cu-30Zn-2Ti (a)
without and (b) with Cu thin layer.
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Investigation on Ti-doped locations that promote NbsSn layer formation

PEBFEIR (NIMS); EHMA (LR RS, NIMS), £H |l (EFKRT)
BANNO Nobuya, (NIMS); ASAI Koki (Sophia Univ., NIMS); YAGAI Tsuyoshi (Sophia Univ.)

E-mail: banno.nobuya@nims.go.jp
1. [XC®HIZ

Ti Li Nbssn Q%@%ﬁ‘@%rﬂkéﬁé@%mﬁ%k L/T gg;]ﬁ Ztiﬁwli SPS %4,5}1: P23K04453 @E Ek%ﬁ“—f—:%
M BATN D, FIHEA X1k NbsSn 4 CHEL Ti WA T e e

BT & LT Sn, Nb, Cu~ R U Z A0 3 AEZ Z‘z;irﬁk

6*\%:[&’ ATl Sn BB LU Cu v b Y 7 A~D T 1{&73[] [1] T. Morita, T. Yagai, N. Banno, JALCOM 848 (2020) 155465,
FEICHEL, Cull Ti ZiFNT252 & T, Sn BELOTI https://doi.org/10. 1016/ . jallcom. 2020. 155465
PEROMEHET D Z L2 HRE LTz, Ti & Sn NI L=
BIEREND T LAMBOMHINEREREEZ BN
%, AElL NbIZ Ti 2T 28 LW HIEERFL, &
572 % NbySn A fE 7, Ti Z Nb 2 HINT %
Z & T T LA OFERITIZIETINHE] S A, NbsSn J&~ Ti
TEHS T, BRCERE RO K E RWED RN R 5N
776

2. WrmEEREtOV TR

T Ti Z % Nb ICJER & B Nb D HULZ Nb-47T1
INEELE LTI OMHEIR E 375, ZHiC Lo Tlit@d % Nb
L NbTi A& FATAZ LN TE, fiEa X FOEKRE
mHlcErLEZLND, FIHME 15.5mm O Nb 17 K
FLNZ @ 3. bmm DA BT AME 3. 4mm D Nb-47Ti & K
ZREA L, SMRPNER=18/16mm O Cu %8 % #8 CTARIIN L
S, IO, E B 21T - TH B Z ik S &
%, NbTi ithid Nb OFLMNIEE TN DH DT, Nb 233
V7 OB & 70> T Cu/Ti OFEJEEAENIL TS,
ZOFREFT Nb RIZBIF LA —AN—F— D Ti MK
1.76ath% & RIEHN D,

FREAMAEBRNTIZEY 1 mEIONARIRICL
=05, 121 A¥ia, 15/12. 4mm Cu 734 FITHHEA L Ta &
0.8 mm DANFARETHBELN EP2— N ET 5, —F
T, & & 0.8 mm O Sn HEHE (13/10 mm Cu ¥4 7,9, 5mm
Sn 7y R&fHfR) T 5, £D%, NbEV a2 — /L%
12 A&, Sn B E 7 A, Fig. 1 @ X 9 REE THAIA
Fr Nb XY 7RS4 7 (6.5/4.5mm) & Cu 317 (8/6.6
mm) [ZFEA L TPO0.6 F THEET 5, Nb U T NOEFEL
1% Cu:Nb:Sn=46:32:22 Tdh 5,

VRS L 72861 500°C-50 h+685°C-100h (% L < 1%
200 h) DESLEE % Jifi L NbaSn JB & JERE & &7, 30D NbaSn
EAEBESET D L L DICEABREZNE Lz, RBEEHIAN

Fig.1. Cross—sectional design for distributed—Sn type NbsSn precursor
wires.

UTERRKEWVDT, non-Cu ORI, NUTON Fi‘g. 2EDS maps obe m'odule after 685 °C for 100 h.
WHEFET L 28> 7 Matrix J &R0 72, 2000 =TT
o —=— Ti dope to Sn
3. ERHEREER \\ - -»- - Ti dope to Cu
Nb/NbTi & 2 = — /L DML i) 72 P 1 e 2 o "I %\ Lo TidopetoNb ]
fid = & CRIFICRZND, Fig. 212, 100 h {&£# D Nb £ K
FY 2 LERD EDS ~ v F AT, Sn &S T LT fg 1000 | 685°Cx 100 -
WIZBRIZ Nb Y 2 — A AR S LTIz NbSnTiCu %
EEMOFEAITHERR ST, Sn WNHERE TH Tkl L s =
TWHERT b5, 00T o 1
Fig. 31T, Ti IAGFTOR/R S 3 HEHOELD Matrix 42K \-Qg.\‘.
Jo &l Uz, Nb o~ Ti 2 WIN L7 3BHC, sRE RS oL ot uViem
%JE@L:E&%@"ZD: &753\5@?@\3%7’30 § 9 10 11 12 13 14 15 16 17 18 19 20

Magnetic field (T)
Fig.3. Comparison of Matrix /.

— 20 —  £E108IH  20244F FERK ARG Lo - MR AT RS



1B-a06

G R AR

YBCO $¥33k % AL = NbTi 7\ TG DRI H

Development of NbTi hybrid wires using YBCO powder

PRI 54, HiE A, K s, ANE SR ORIER) ; s B GRAER)

MATSUOKA Kyosuke, YOSIZAWA Yuki, OHASHI Katsuya, OGURO Hidetoshi (Tokai Univ.); AWAJI Satoshi (Tohoku Univ.)
E-mail:3CAJM052@mail.u—tokai.ac.jp

1. [ZC®HIZ

Fox DT NV—7TIL, EEERABS MRV MgB, 215
WZBRVY YBaxCusOr-s(YBCOYY K THESToNAT VY N %
BAFE L. YBCO OREKMEM N RICLVIREES N COBEM
REDM LA EBILZ[1], LZAN3, MgB,, YBCO EH K R JFE
Tl S TW=Z 2D, BN THEDSIER L | Z D% AR
U726 D2 ML SRR T TR & T 5 ISR B A>T
LEodz, NAT Uy RIRF I, SRS IR A ERED
BWI LI mhoTnDan, ZORIAZRE OfEHN2<EA
TBELT, ERBREIERTANENEE Tholz, TI T,
NbTi #AcH B L=,

NbTi #41%, BAREAR NG THY | BN LR ST
D, BARERFEDIIBARRIS TlaRE VDS, G RS
N 12 T RBEDD, 10 T LLEOREES T i AL
W, BLEDZENES, YBCO LDANAT Uy RIKIZED, KB
D3 1 DI THED M BN RIAD DI L, 58k T C
OBEBERER LR RIADBAV Y IRbEERbS, 2T
£ [allE, MgB, D401 NbTi &2 JHV Y, YBCO &DAAT Vs
R A3 I 7,

AWFZE Tl YBCO+NDTI DO NAT Uy Rk % BB, %
O WrE A& OBLEL | B R ER N ER OB EEIT 72, 2D
B, MgB, LRIBRIC YBCO DREEMERTN T Cofpks o i R
B LT 0 EFH T,

2. EEAE

NAT VY RMAERIZHT-0  #44 0.8 mm D NbTi #Af
(T E L&) 2 HE L7, YBCO BMFIZLL FOLHIT/ERIL
7o Y203(FEAISE 99.99 %), BaCOs(FYGAEE, 99.9 %),
CuOFIYEHIEE | 95.0%) % E/LHAS YiBa:Cu=1:2:3 [2725 X5
WCREZHPTHEL, IBRE L%, 900°C X4 h OEBEX,
930°C X 24 h OABEEZ4TI2 -T2, TDH%, KEAT THREL.
BRIz Lz,

YBCO+NDTI ATV R OVERU G LA =3, 9. T
OAE 4 mm, NEE 3 mm, £& 10 cm OESRE O FANZ
IZATETER LT, 2O, B oz NbTi AR ESND
JOELRDIFIAETEE L, ZDEFIZ YBCO HmKRED

L9 D AT NbTi BROMEH 2EE BT, BiEZE ANDEE,

EBMERERGED Tz, TDH%., bI—FhIFAT THE
Uiz, &%, KA — VJE B, /N o — L 1 e %
FAWTHME 1.44 mm, B&30.1 cm ETRHRSIE MM T AT,
YERILTZ NbTI AT VYRR L T AL R F B #
BHFCRTRBES 2 —0 15 T BGE~ 7 Ry M HWT
4.2 K, 14 T L F COBAEBRGDMEEITo72, D%,
NbTi A7V R N2 D760 | BB IZHD | BF
JEA LTt AN E - BAMEE(SEM) TOBI AT o7,
3. ERMHERBLUER

Fig. 1 {IZ/E8LL 7= YBCO+NDTI /A7 U R O W i X %
RUTZ, NbTi M DJEDIZ YBCO MEEE-TWNDBIENH
D, EERE L NbTi #EAMEMLL CWDEZAIZ RN T,
ZOWrIEIE 122 TR EREOL O ELNZZ L0 D
noT,

Fig. 2 124.2 K, 14 T L FICBIID L ORISR TR R L
Too JUDBIANAT U RERFE WU A A3 [E] BRE L) E L7238 % o
NbTi #rOFE R TH S, WH D NbTi D L%, FEFITRER
TBESHRAFPEN RO, 12 T O _ L3 SR Tl s
TR RO, — 7 ~AT VYR ClE, 8H ORI

Fig. 1 Optical microscope image of the cross section in YBCO
and NbTi hybrid wire.

Fig. 2 Critical current as a function of magnetic field for YBCO
and NbTi hybrid wire and NbTi wire at 4.2 Kup to 14 T .

FEARTRBES COBRMAMEL 2> TLEST2b DD FBR
M LU TEY, 14T TI0ADERBIRN RSN,
ZORERIL. NTI #R0 HIER A2 B 2 TH R iy
HZEERLTND, 2R LD, NDTi ATV REM T
YBCO I X ARSMERD RN BN CTRY, LR R E
ZTCHBBEBRNSIENAFE THLHEE 2 TS, EIHIT,
LENFZNETE BICE WM BMERICX /e n S
FEEDWIE A3 22 ATV R 3 TE 5 H AL h3 >
WEZBIR D,
HEF

ARFGEIL, BACKF4 B bR S8 T TR 8 (5 3564 BT
Fet B —OFRE(202312-HMKGE-0036) D —#8E L TITd
AUTo AWFTRO—EIZ ., B R T & B MEREAm M R% M OF,
EaR e - RERPFRFRE= R
NIFS23KIEA038) DX 4B %32 1F, EMiLI-bDTHD,
S &k
1. K. Ohashi, et al.: Abstracts of CSSJ Conference, Vol. 104

(2022) p.78
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Mechanical strength of the internal matrix reinforced NbsSn multifilamentay wires with HIP processing
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Fig. 1 The temperature and pressure profiles on the HIP treatment
after NbsSn synthesis heat treatment (two-stage heat treatment).
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Fig. 2 Axial tensile stress dependence of the normalized /. (I.o/l-max)

properties in the 2.0In sample with and without HIP processing.

S Xk
[1] Y. Hishinuma et al., J. Nucl. Mater., 567, 2022, 153808, (Spp).
[2] T. Fukutake et al., Adv. in Cryo. Eng., 30, 1984, pp.891-898.
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Effect of twist disturbances due to conduit geometry on current distribution in cable—in—conduit

conductors
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7o F72, BB OB EALZ 75 AT FEREEFEO TR
MOMAALEIH L ADFIELTRDIZ, FFBROH A
BB AL EFRB OB AL H 7B A% B L CEIR
W CO RS FRNERES NI EME TS LV EERL, &
FRRICTNDBFREF R LN, EEO CIC HIKkDAFEMR
RS AL TR, & RIRFE OBARHTL, & FAROA
VBRI ARTH I REWEREL, & BRI
ENTWDETNEL TEIRIAR DN 21T -7,

3. RIS RLER

INETORMERLY, ERIERO CIC Iz T 1
WY T —T N OOy TF BNEL, KFRBOY T r—7
DOV Y T DI/ NAEE RSN+ 3BV EEITR LA B
ZBNDHESNTOBN, K#ETIE Table 1 IR THRVE Y F
OREEN /2D 5 FFHD CIC R (Model A~E) IZEBWT,
2Py NARIOTZAR DS TR & U A TZAR OE N LD E T
A D kAT 7=, Table 2 \[ZFHEEIT 7= CIC B{EDE
TLETRT, 2Ty MRIOFAR O E RS BRI AT T
AR50, FHIBRENATIRE T CIC EIRDRA
RBENRELNET L ELTZ,

Fig. 112 Model A~E D=2 PITFEIR 23 F TR & DU 4
TERDOZFNEIIEIT HK BTN D B IR OIE YR =%
9, Models A, B IZEBWT, HIERIZLIZZE TR EE K
LTW5—JTC, Models C, D, E TIZMBRICTEHZETHR
TR TETWAZENHERS LI,

Fig. 2 [ZHARRNOHFARICT B ETRB ML 1l
7z Model E OFEMCHNAERE /RT, fEFRLY, UM
FEIRIZHEARTHIRO 52, FRICHND R K ERE KIE

IR 22N TE, EHERZED 19.0 A 22D 14.3 A L7270,
24.8 %DOUGEN RAAFNDRERB GO, UL EOFER LY,
Dy NN FTEIR S5 MR EIE c& 5% 25
2B

SEH
1. Ryota sato et al.: IEEE Trans. Applied supercond.,
480265, Vol.: 34, Issue: 5, Aug. (2024)

Table 1 Combinations of twist pitches for five different models.

Twist pitch [mm] 1st 2nd 3rd 4th 5th
Model A 80 100 160 | 200 400
Model B 45 105 225 | 3156 525
Model C 50 80 100 | 200 400
Model D 25 50 100 | 200 400
Model E 80 160 240 | 280 400

Table 2 Specifications of the analytical models for the CICCs.

Shape square circular

Cable pattern 3x3x3x3x6

Strand diameter [mm] 0.89

Critical current of strand

at 5T and 4.2K [A] 200
Void fraction [%] 39.5
Operating current [A] 29160

[

I
60
40
20 I

Fig.1 Effect of the difference between square and circular

dard devia

inner shape of conduit conductors with various combinations
of twist pitches on the standard deviation of current flowing
through each strand.

120

Current [A]
2 8

w
(=1

0
1 486 1 486

Strand Number Strand Number

Fig. 2 The current distribution through each strand of a CIC
conductor with circular and square internal conduits in model
E is as follows.
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Development of superconducting sextupole magnet system for SuperKEKB

~ Characterization of Nb;Al superconducting cable under mechanical bending strain for

corrector magnet~
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(& o781« B AL KR AT Tud, 2018 E 3
A X0ARKH 72— 2 B2 R BREES I, 2022 46 A1
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Y — I N T — (SRR AR LT-[2], S A 1E 2%
PEgEmM) L% B L CHEAREASER A OBREM AL
FEN TS, G EAB B E R A TN TR RIS
DT NbTI L0 mW R FURE A2 A5 LA
AR % V7= React & Wind BB B ORUYWEZHRFEIL
TWD, ZHETH 413, B 50 pum B NbAl AT R
W CRERR SN BB A — 7 L D R D B S B VA D15
JE - BRI B L O PR O i B IR A2 A L
TE72[3], 10mm DT a7 r— 7 VO ETRE
HETDEREREIERRENZ, ZORKREFHARL20, ~
A1 CT AFY L BB L~ Tr—7 00 CT iRk
Too SHIT, HEAYR B B AR R E RIS 2 D5 %.a%fuﬁ
’\\%)71&) /1//4]\31/(/1/31‘/47( ;%U\f\_ NbgAl E{E%b“—
NOGREFRMEOWNEELT 72D THET D,

2. HIFEZEH o1z NbAl BInES—J )L OBRRERAE
25 mm 75 10 mm £T 2.5 mm A7 7T 84251t
X472 NbAl HBnE A — 7 )L O B TAEDO R EEIT- T,
15 mm Ph Eo T B CIE, R EROKREREITRS
N 7=08, 12,56 mm BN 10 mm O b 228727
— T NDORERERITBHILE R LT, CT EEEHWTHEL
1or—T NORBEEATHTLTA ITV I N A THBEET
DTS (Fig. 1), 2077y 70, i EFE O
BILDIFE E7R > TNWDEE 2 BIS,

Fig.1. CT image of the NbsjAl cable with thé highest
degradation of critical current (R = 10 mm).

3. YL /ARAA LK D NoAl 7 —T L DEEFREFAIE

WAl T 7B 28 NbsAl 77— 7 LV ORB GBI 5-2 5
BRI ARDI20 IV JARAANIBIRD NbsAl 75— LD
i S 7 {JIL@'J/E%?ﬁ/)to Fig. 2 ICTFANIANDEEEZRT,
FEMOIN T\ XA RO G10 (WSRO A UL, 2otk

12 NbsAl 7 — 7 VAN DE T INVEANCREEL, ZIEK
AT LTIREL, 4.2 KIZBWTEE ;t%ﬁ%fmto

Fig.2 Measurement folder NbsAl cable in the shape of
solenoid coil.

R25 mm, 5 #— D4 —7 L OHIE R B% Fig. 31277,
7 [ERE ATV, I m72ER R EEEIE 698 A Thoto, 2D
MV E AR RO B S E TR (740 A) SE~MEL, B CRE350.1
TYORETHDLEE ZDND,
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Fig. 3. Change in maximum current value with quench
detector setting.
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AT, FHIFE (23K25130)8(22H03876) D HIF 22 2 Bl ik
FEOVR—IEZIT TN,

SE XK

1. K. Akai and H. Koiso, “SuperKEKB Accelerator”, J. PAS]J,
Vol. 15, No. 4, 2018, pp. 213-220

2. Y. Ohnishi et al., “Recent status of SuperKEKB operation”,
Proceedings of the 19th Annual Meeting of PAS]J, Oct. 18-
21, 2022, TFPOO1.

3. N. Ohuchi et al., “Development of Super Fine Strand NbsAl
Cable for SuperKEKB Superconducting Sextupole Magnet
System”, /EEE Trans. Appl. Supercond., vol.33, no 5 Aug.
2023, Art. no. 6000305.
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TDGL Analysis of Flux Pinning Properties in REBCO Thin Film Wires
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varying the amount of oxygen deficiency at three levels.
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3. MERLEE
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Vg =VIm{y *(V-iA)y} S 30k
1. T. Matsushita, A. Matsuda, and K. Yanagi, Physica C
ZZTCIHRBE AN D0 2 RTEETAVERALE. £ 213, 477 (1993).
_ 2. Awaji S, Namba M, Watanabe K, Kai H and Mukaida M
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Evaluation of longitudinal magnetic field properties of twisted RE coated wires
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Fig. 1 Twist pitch dependence of I /IF!at,
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Fig. 2 Longitudinal magnetic field dependence of I/I5¢!f
for TP=200 mm, TP=175 mm, TP=150 mm and
Flat at 77 K.
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Fig. 3 Comparison of experimental results and analysis
results for at 77 K for TP=200.
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1. T. Hamamoto et al., Abstract of CSSJ Conference Vol. 107
(2024) p.22

2. Y. Tanaka et al., Abstract of CSSJ Conference Vol. 104
(2022) p. 52

3. M. Takayasu et al., Supercond. Sci. Technol. 25 (2012)
014011
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HOEUO B EIC I > TARRLTE Y123 iR HEHE
TG D H LD FE-MOD &R EHA R Z VD2 bick
0 Je 3V RE123 WIS IERIEDEIRE W56 KV A
WEERR R TIRLNDZERHLMN AR5 T2[3], A lElE, R
Hli ) 4 I U230 e 03 B R BB R R PR L R T R AR R
fERERET S,
2. ERAE

Y123 By REEEE T av A U ISR ML RLIE % 15 E o
R TR A N2 D Z LI X0 Y123(CIRI T L=, M(Zr,
HOBINZIT EMOD ARSI B Fvy, Mg i MgO
T ae A U BRICER R, BLIE LT R A VARSI LT D%
Vv, ZhbE YI23(CHIRRICIR G LTz, Sb - FEHAR
% IBAD Fi EICAE Y a—NEICIDBAT LTt INBEE1T
STz, FEESHN Y123 #IB I OBAR LR BEE 3 [ERR0IR L, f
FRIBE 5 450 nm 1272 D X THIHIL 7215 . A% & 7R BERRIELRE
TARBERREATO, IBRICIBFE T =— /LT HZ LI IERILT-,
HSHNTREHI DWW T, XRD IZEAMRIE ., SIS X
DA BLE ATV, A E R EIIF EE B LT
SQUID A G2 W =R LRI E 2LV F-I L 7=,
3. HEREER

Fig. 1 {Z Po2 =10 Pa, 780°C, 30 min C{ERL7=(Cl, Zr)IL ¥k
M Y123 #ED XRD RZ—r&FRT, WERORETY
Y123 O 00/ B —7 A5, ¢ BHECH L7z Y123 FERE)
AR LTZ, 20 mol%Zr FRINGREFCIX Y123 O AL A AEg I &
5103 =27 HILT-, Fig. 212 Po2 = 10 Pa, 740 - 760°C, 1
- 6 h CYERIL 7= 34N Y123 #IE(Cl, Mg2-3: (IBEED 2, 3
JE HIZ Mg % Y IZxLC 20%E D XRD /34— %R T,
Y123 OLFR 00/ B — 7 238 T&E72, Fig. 3 12 Fig. 2 1R
U723 0BHZ BT AR LR OB AR TR 2R T, 20%Mg BN
FEHE T 13V N REIE T LA, SiVBREERE A R
U7z, 5l ClE, MERE o bzt 7= (Cl, MyFLIRIN
Y123 HEIEOEG S EFRE ERAL ORI DN THHET
%y EBIZ Mg AR —7 LB o BB IC SV T
WETHTETHD,

£ YBa,Cu,0,Cl, o 0.45 um' {

pindex : Y1{3 W Ba2342 E
X : unidentified
o [Poz =10 Pa (O, / Ar), 780°C, 30 min 4
8 I[OA +in O, flow, 450°C,12 h :
“~ ¥ Zr, Ba20% o Freiii 1
Bl o €8 .3 ooffsl. |
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Fig. 1. XRD patterns of (CL,Zr) co-doped Y123 thin films.
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Fig. 2. XRD patterns of (C1,Mg) co-doped Y123 thin films.
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Fig. 3. ZFC magnetization curves of (Cl,Mg)
co-doped Y123 thin films
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[2] T. Motoki et al., Supercond. Sci. Technol. 29 (2016) 015006
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Control of metal concentration in FF-MOD solution for the synthesis of RE123 thin films
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1. [FL®IZ

7 v F# 7 U — A B IR B AT By iR (FF-MOD) VA 138k 4
72 RE123 MO ERUT R D 720 T R EUE FHERL, s
B ARV R = R SR K IEIBEAR LT K 2 TR IR LAY W HE
e XX MBI R LE L FEE TH B, L
L, R Em< ey =72 =0z
DO FETHE S S REI23 HIE L Y BE T TOREAE
RFFEIESS > TW ey it 200 m B D & R T2Hu)
R IERBACEAT W & B e GA123 B 2B S S hll2l R
FE B E OBEN IR SN -ooH D, SHIT R
BHAWR ~DW i CLEHINT L > THERRIE D HIE M FE TA R
9% 2 4\ BaxCusO4ClLy ffdh 7Y RE123 WD & %
VA VRESRBEIRT S Z E A SN L TE B, L
L. ERICHS7% I 2#F 3 2% RE123 8 OBR TIX, K
JE% 2um L EIZT 20N H D | FF-MOD % Tl %ka
DA, ARNBEEAT - T2 ITHER T 2 TR Z FrEDRERIC
B ETHRYIEZRTIIZR G20, TR EHARF
DIBEBIEEIMENZ & (1 mol/L ULTFICERT D H DT
b5, F-. ZHNETO REI23 HEH FF-MOD A1,
BRER G B OWIRE E 72137 v F A7 & b A AT E
DFNHIT/2 D KD I & UABSIEEIC A L TR S
TR BB O L BAKRFIMTh D70 & Kb+
FARR O FEEC TR O M ST, F I ARBER IS A
T e DENS RIS S BRPECHE = 0 STEEMFEHT Lo & v
SMELH Tz, ZHUTK L. Fx ITBER D RE123 BEfkE
RELFZOMEREZERE T v 4 VBRI IE 5 T
26 HFE L7z FF-MOD JRERAIR I, & RARRcHI A%
DT DTET Tl < Je BV RE123 FEESAE T 25 5t
RS A 2 E TORBHER & e TRIB NS IR 2 2
EERHB LM, 20Xk 5 Ik FENAR & B A S
EROZ END . AW CIREBA— BN T7Z 0 OB LD
7o O DR ORREE O IR E L L | WIS R IR
BN N — HARIC X o TIRBHEZ I AT 2 729 O VR IR
WEHED TS, BEIZOWTIL, BIEEA MEROM A
DHEFTORIE AN = L &> TV 5D,

2. RE&

RE123 BERERE XN e M LR E 7o ety
B2 (CH3CH2COOH)IZ = iR~80°C TIAf#EH . 80~130°C (2N
LR 7o vd rBREa RIS TE LB &
L7, 2D RE,Ba,Cu &7 v 4 VEREM R % |
AR ) =) TH =) KOBEERPEIZEME L FF-MOD
RBAA UEHR IR 2 /F8 U 7=, RE123 I SrTiOs Hifk
F 70T CeOn JB % I FM I T 72 IBAD FEAR _EIZBWT,
JFEHE DR, IBEZ AR K L=, AR T2 Z Lick
DAER L 7o, ROBHEIX & & BIREEKOSGEITIEAE
a— MEIZR 28, KeRRERKROSGEITITRH T —
BRIT > TR LT,

3. BRLEE

ZIVETIZ, RE RN Y, La, Nd, Sm, Gd, Dy, Ho, Er, Yb

ICOWTRE:Ba:Cu=1:2:30D7 14 BENG

NHZEEMERLTED, Lal23 2N Tz X ¥ ¥ /L
HENELILTWA, ZORNT, Y123 HOFBHAIRKIC
OWTEBIREORE LR, 7o v Bk RIC
MAHIRBEEOEREIZINET, K AZ ) —L T
B —=1:3.6:36 FRELLTWER, A/ —),
TH )N EFHL LTV & 7 EF U ERIEORRIC
VEREBEOBNPEOED Z N0 | REBRE L
2.2 mol/L £ CTHEDLEWEPHFELNTND, 2L, =il
DORIFTITRAOILEN A U9 < 2, BWEARED
LB OS2 E 2 b T 20 ERH Y . Zhbid
SHEOBETH B, 2B, BOAOWWENE Uik E Ay
THIZITHEMO Y123 BIEAELND Z &SR
IR E <IN ERRB I,

A SR IR EE O VR TR A IR IR BE 1.3 mol/L O JFUBHAIRIC
FREABEC KR Z M A, AT 2 Z LI X W ERL L7, HaAR
I T R B AR ER TR O 43 3 FEAR 1 N CULHE
T 5 XD R E VD EFEHEOREIZMMNN AT 5
DT, TE LA D8I 2 FE%R LT
%, Fig. 1 XKD Y123/IBAD ##6f EICHERE A >~ F
JVTHR LIRS R E~0.1 mol/L & L= 2T T, ot
. RE, AREER AT o 7Bt OFE E XRD X% —2 Th
b, ZOFHPRBRICBNTHDEOBARENE T TH
=0, ELNREOE® ITAN Lz YI23 M Th o7z,
F 7o, K OPHIFERIC L BHFERBLITRDOLNT, 2D
oA LB e NI RERE 2R LT,

S 3k

[1] T. Yoshihara et al., IEEE Trans. Appl. Supercond. 33 (2023)
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[2] G. Honda et al. ASC2024, IMOr2B-06 (2024)

[3] T. Motoki et al., Supercond. Sci. Technol. 27 (2014) 095017

[4] J. Shimoyama et al Abstract of CSSJ Conf. Vol.107 (2024)
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Fig. 1 Surface XRD pattern of a new Y123 layer capped
commercial Y123/IBAD tape.
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Fabrication of fluorine—free MOD REBCO tapes on IBAD templates
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1. [ZCHIC

REBa;CusO, (REBCOYEMRDIER G IEDOH T, HiE R
BATEAYIRIEMOD I E 22 @A LB LT B
INENEBTCELFETHDL, TOHFTHLTvFR T —
MOD(FF-MOD){EIX, BAF72 2 dililic 2 S &2 L
NTEBD(1, 2] K AN BERM 2B [ fEL 45 T
EMICENTRIELE X DD, SRE THI AT EA
LR R ~Ou IR L, o~ 11X BaMO; (BMO) ) ki1
R~ 2075 B L OSSR C BV OE ALY,
FF-MOD #12X% 120 m B D A TE > AY REBCO 44 D1E
BUZRRIN L2 2 L5573,

B3k, Ni/Cu/SUS D>B8D 7T N MR [4] EofERIZOW
THELCERR, Al EPGER, miRELOBLEND
IBAD }:4% 112 FF-MOD REBCO ## & ERIL7=7-3D . ZD
FERICOWTHE TS,

2. EBRAE

IBAD #:#i_E~ RF A HY 7 IEIZED FREE CeO, %
RRIEL 72, VIV R Y —< LB BN K ERLL 7= BMO (M = Zr,
Hf)F B 7% RN L7= 7~ % 7 U —GdBayCuz0,(GAdBCO)IE
o AT—MNIEVBAA L, BRE RS T CTHRER ., BaCO,
Doy, BEERE O RbE HE LT BV 21T o725 |
REAR RIHR FICTABEZITOZETALEL AY REBCO
JEERRRIE LT, BFFIMO [ 541% THEVA GmbH fh#4
Tapestar & MW CHRINE R CEHBZITV . H 0 RIS EIRT
U 73k oo DUt 71508 7R 4 BT A 2RI AT IE LTz, B35 P £
WE~A27a 7V PRBR LY L E2 AN T, BAb R T4
BN B 22 FIT B IR SR B B AR A B T 2 2 — BT A D
HESIHBIRE ~ 7 2w | 20T-CSM,25T-CSM |20 34t 21T
27,

3. EEREER

Fig. 112 A ¢ ® REBCO JREE{R 7%~ 3, REBCO RS
20 pm DAL, CeOx(11DD A ¢ THY, TNLAD ST
REBCO(103)D A ¢ TiD, A ¢ (CeOy) = 2~T7 ° DEBF~
REBCO JBEMELI-LZA, WThOREIZB N TYH
REBCO [EEDHMEILIZA ¢ METF 32 B it k8%
(6123 HEZREN T, Fig. 2 1ZA ¢ (Ce09)=7.6 ° D&%
WTIERIL 72 REBCO #MOEFTHM L RFHEERT,
REBCO [EEIX 3.1 um Thd, BER L RKMITELS, T
LY 467 A/4 mm IBE B LA THZER otz W+
LA ORER, LOVT7v7 722 —(20 K, 20 T / 77.3 K, s.f.)
1% 0.34 THotz, ZOFRERNS, A ¢ (CeO,) = 7.6 ° L
ROAS R PE O EEWIBADEEMR ~ FF-MOD 3513 H "I iECTH
0 AR AN B EE LR O BIE LN TFTE D,

4. B

F IR TERRIC DWW TH B R EmE L QW EEL
Institut de Ciéncia de Materials de Barcelona (ICMAB)® Prof.
Puig, Dr. Obradors [Z&#\V =L E S, Fio, RRRO—HHIL,

WAL KA BB AT 2 38 1) A AL R ZE (SRR £ &
—RRER B 202112-HMKPC-0006) 12X 5D TH D,

A® (deg.)
O B N W A U O N @

REBCO thickness (pm)

Fig. 1 REBCO thickness dependence of A ¢. The A ¢ of
zero REBCO thickness represents the A ¢ of CeOy(111),
and at the other data represents the A ¢ of REBCO(103).

Fig.2 Longitudinal /., distribution of REBCO tape with
2.7 mol% BHO at 77.3 K measured by the Tapestar. Tape
width is 12 mm, and the Z values shown in the graph are
4 mm-width equivalents.
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A Data—Driven Approach for the Study of Influence of Deposition Conditions of under REBCO
Layers in Multi-Layer Deposition of PLD Processed REBCO Coated Conductors
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1. [XC®HIZ

PLD i£lZ, REBCO O &pET mE AL L ThiebIA<H WG
TWHLEDOD—DTHHN, BERORE T, b2 —LRICE
e S5 Multi-turn & A7 2% FI N C Rl IR e Sk 248 25 [m] s
WS BRI ATV, Foum B2 O REBCO JE A TE AT
b, ZOWE, FHIOJE DR GAEANE O _EICHERES LA D Rk
(CRIETHEE AT T8, ZBIEDDVITEBEOT AL
BWTHEERFEO 2D, AL T, BfTFRICB W Cave
FRIT AR EIRD [ FHI TR S A A G T, B A
A LT — 28T 7 n—F 2 EHRLO REBCO 7 ut
A AL, BT e AOZEB A AR W TET IS
L. MRS 7 e ASE L O BIMR 2 AL L=, ZOR V=
RS T B R A N TN, RO RE St Th D L T Rk
[~ 957201l BB L DR ORI Fn oD i AT RE M
R0, ZIE D BB LT 78 O BN ERE AR R R T
BD, AMFFETIL, ZNHLOEEND, ZEBEERE T oA B0
T, FHIO RIS EE D FIZFEE LT B R L D BRI DN
T, T —HEREV 7 7o —F | Lo TR ER L OFEhEHAEL
77

2. EEBAE

AOIEER S Uiz, IR — W — U — | JE sk, AL
EDREENRTA— L E TS ERNLEEKELZ REBCO 22—k
RO VRISt LG TR & D BIFR IO T 20,000 £iLL
DT —H2HIE L, Deep Neural Network (DNN)ET /L& FHWTHE
BURF DK T A—2 L O [ EOBtRE IR T2 EIFET L
YRR LIZ[1], I, V— /LB SEIfEE SE, Bt S87an
SRS 2 3-turn BIRIZE>C, SEIRA G AN /ERLL 72, il
L7zFE BT VERAWT, BRI RTA—H 5T, FJBO L 1X
BIERCHLEREL TIBIED [ #EEME THILZ, Kk, &£
BRI LORFEEEREL, HEEHEEDRRZITo72,

BRI R 2 AL L ToRE R L ST A—=2 D5 | Kb
KRERHEL FITTHLOIXENIRE THY, 980°CEEIT, FHE K
RIS OFFFEFNC AR LEME T, 37205, 2/8H
LD [ BT AHEEMIZH KT 355087, £
MR 2 980°C LA L DHIPH T LS 7-/5 H% Fig. 1 (a) 12980°C
PUF OIREFPH TR L7285 % Fig. 1OITRT, TAE, L—
PN AZRNR— | A OO IR S O AL F I TV
THHEICTHD, REFIL, PLD 7 o 202824292
T2 DT —Z DEAGLAF DI 725 EHAL OB R a2
SN EARIR T D) 2 CHRAM R B A 52 56D ThD,

SBHEE AT ZEIL, ISPSEMIFE: JP19H0561 7726 ONZIP24H003200
Bk a2 T CEELIZH DO THD,

SE Xk
[1] AZHet al., {KIR L% HEE T2 TRRE(2024- %), 1B-a0l.

400 T T T
3-layers deposition 7 % 980 ®C (a)
350 P S
— LR B
< Fiv ;':.!;
= 300 AR ' d 'l'};
%) " B im
X 250 Jj‘ll d_JEu e 3
r~ . | ] o
= & H
E 200 '
I
5 150 -
(&)
©
5 100
T Model Prediction
© « Experiment
50 |- ; xperzlmen :
T T

15 20 25 30 35 40 45 50

Position (m)

250 T T
3-layers deposition TS <980 °C (b)
< 200
«
%]
rf 150
~
o
n
c
[0}
t 100
>
(@]
©
.Q
5 50 : :
*  Model Prediction
»  Experiment
i i i i

0
40 45 50 55 60 65 70

Position (m)

Fig. 1 Comparison between DNN model prediction and
experiments of [ for sequentially deposited 3-layers
REBCO CC, where the model was trained by single
layer deposition data. Substrate temperature, 7s, was
controlled in the range of (a) 7s > 980 °C and (b) Ts <
980 °C, while the other parameters such as laser pulse
energy, frequency, and pressure were varied in the same
ranges, respectively. Linear summation holds in case of
(a), however Ic becomes significantly smaller than the
prediction in case of (b).
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1. [ZFC&HIZ

YBa,CusO7-s(YBCO) % & IR #8 1= i #f £ 1% . coated
conductor EL T TIZEAALEITODN, IS BN EZD
72 IAALET O IERTEFIZITHOIL TWDIR I TH D,
ZHUT, BIREREORFBEE S L Ry RAR Y MRS E
MLIETH DT ThD, BLEIL No-insulation =1 /LHFIC
JORRENTOBED, LWL T WM B RRE AL
T, YBCO Rt R HIME#ES DL RIS D,

D=, Foxld YBCO IR BHF D=0 DiFFEE 52
2o TCND, JUMTERLID 7L L C, &R % IR E
KEAITHBIZIMN T 9% Powder—in—-Tube(PIT){EZFIHL
TW5, ZOW IERREEZRATOD, YBCO ERGLZA
WERE A HV, YBCO ZEROFR S CTH2 960°C LL T CTIARMS
WHEMEIFEL CTElz, ZNETIZ, BaCuy0y EWVHKEEFE
DE TFIZBWTIEET A, Bl 900°C LLFThHALAY
/LT YBCO AT HIEICARIILTWALL, 72771, =
DO FIETIHEFE Y EDRE oy ba— L ISLETHY | E
WRKEECHHZEND, BRSO I EERRIL TE 2,

ZOHT, YBCOIZERE ANDZ LTRSS FINHZEITHE
HL.YBCO ~mmaE ANsZL TRz FIf52WE o
FEATI o T2 AWFFETIX YBCO FARM BRI 2o BAZ S
L, Iz YBCO Ot m2MROF S LA TIZ/2 58572
OB BEI T2, TOBEOHRMMEL T, AgO, Pt,
NbsSn 2L, MARELE K O R BR OB EET T2,

2. BERAE

YBCO FURRAAIZ, PIT #EICEVIERIL7Z, YBCO ¥y RO1E
BLUFIEIZLLTF O#Y THD, Yo0,(Fn iz AL 99.9%),
BaCOs(FyEHiZEAL | 99.9%), CuOFEHZEERL 95.0%)% .
FELHIZE VT YiBa:Cu=1:2:3 LRBIITHEL, IBREL
72 . RKEHIZTT 900°C X4 h OfKBEX, 930°C X 24 h DA
PEX AR T, YBCO BB ERIL -,

YBCO #1ERUZHT-0 | Ag.O ¥y AR % 20wth/ 2 72 YBCO
WAR(YBCO+Ag,0), Ag:O ¥R 10wt%& Pt My 0.5wt%%
Z =B R(YBCO+Ag,0+Pt), Ag,O By K% 10wt%E NbsSn 55K
10mol% % N z 72 ¥y R (YBCO+Ag,O+NbsSn) & F & L7, Z 4L
FNEANEE 5 mm, NEE 4 mm, £E 50 mm OFRE IFEDT-,
FO., BHEED 0.8 mm LA FIZ7ebFECiin— VeI X
HELEM T 2T -7,

3 TR L, LT OB Z1T -7, Ar HAT =
—FFSIZBNT 930°C T 48 Wifl], W AZ LD REET

900°C (233N T 24 FRREIPRFFLIZ 1%, BIRE TR, ZD1k,

LEPHR T 930°C 1I2B\WT 24 BFREMEREIL-, SHiC, B8
FHFEHR T 500°COEMT 24 BRI DEE T =— L %1T78-
77

R 72 YBCO FUBAF 1T, =R MG ICHLD A 22 BF
BBt BB I LM A T o7, £, 4.2 K& 77
KB W CHE R ERREZ T o7,

3. ERMERBLUER

#F 1 ICEBMOEREBIRMEZRT, 4.2 K TiX,
YBCO+Ag,O #thtE YBCO+Ag,O+NbsSn Hht 1 i S FE A
HBZLNGI DTz, YBCO+Ag,O+Pt BRI G FLB HiE A A
o l-, 77T K TliX., YBCO+AgO A & .
YBCO+AgO+Pt #FIZER R B DA, RO EN
DAEIZIE, RO E TN TNDID | IEfER G E
TREZ R 572012, IR, MBS TP ICB I AROEXR

BHEZMNEL. M ETI2HERISLLLEEZLND,
YBCO+Ag,O+NbsSn #MH I TEE R BRI RS0 -7z,
112, BT OB O AkE R~ L. [ 2 12, Zh
JLEREE DERRM OWFHALERZ R U2, ) 1 TIEmREEIC
ANTREF R RSN, EZAM, X 2 ORI ORI,
FRBE DRI KR E R ZEIR BT S IV TNDZE R o T2,
ZDZERIL, YBCO DRl IME T UARL7-2 LT, kM
DZERNEFSTRSINTZEEZSND, YBCO DOl AT
1000 CREETHD DN, UsIWaE AL, > OIEIRFE 3 EIC LT
ZEIZE ST YBCO DS NME FLIZDEEE ZbND, £
7o  BPROIHTIE 930°C TIRBL7ZEE TS SN2 »7-2
b SRENTROBEE Y EMEN - T2Z 8 SRDERE NS
YBCO ~FM&Ei, BlSK FICR AL LB 20D,
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Table 1 Critical currents of three wires at 4.2 K and 77 K.

42K 77K
YBCO+Ag,O wire 840 A 10 mA
YBCO+Ag,O+Pt wire X 156 mA
YBCO+Ag>O+NbszSn wire 340A X

YBCO+Ag:0 YBCO+Ag:0 YBCO+Ag:0

+Nb3Sn wire

=

wire +Pt wire

Fig. 1 Cross sectional views of three wires for the wire before
heat treatment.

YBCO+Ag:0

wire

YBCO+Ag:0
+Pt wire

YBCO+Ag:0

= (500 pm | 500 pum R e

Fig. 2 Cross sectional views of three wires for the wire after
heat treatment.
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Development of laser scribing technique on REBCO coated
conductors
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Fig. 1 Cross-sectional SEM image for laser scribed
REBCO tape with vertical assist gas flowing
(NEDO309S3).

Fig. 2 Cross-sectional SEM image for laser scribed
REBCO tape with horizontal assist gas flowing
(NEDO330S2).

Table 1 Resistance and resistivity between filaments
at room temperature.
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[1] Ch. Haberstroh and G. Zick, A Superconductive MgB 2
Level Sensor for Liquid Hydrogen, AIP Conference
Proceedings 823, 679 (2006).

[2] W. A. Olsen, A Survey of Mass and Level Gauging
Techniques for Liquid Hydrogen. In: K.D. Timmerhaus
(eds), Advances in Cryogenic Engineering, vol 8. Springer,
Boston, MA. (1963).
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FNURT w7, pp. 32 (1993).

ToF Casera B light path
N
light source camera
D
d
liquid

Fig.1 Measuring principle

Fig.2 Overall view of the experimental apparatus
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Fig. 1 Surface micrograph of fluoroplastic coating (16.6 um

thick) with lattice notches (0.5 mm wide grid).
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Fig. 2 Temperature measurements of the bare and
fluoroplastic coated copper plates (w/ and w/o lattice
notches).
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Fig. 3 Heat flux of the bare and fluoroplastic coated copper
plates (w/ and w/o lattice notches).
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Fig. 1 Dimensions of the test pipe cross—section

Fig. 2 Temperature histories of NC and Fin for N2 or H2
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Fig.1 Schematic diagram of developed system
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Eu2TiO4 Eu3Ti207 Eu203
Sample 1 0 80.0 20.0
Sample 2 56.2 43.8 0
Sample 3 44.4 37.6 18.0

Tablel List of samples

Fig.1 Specific heat of samples

Fig.2 Comparison of entropy change at 5T
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Fig.1 Excitation system by magnetically coupled multiple
superconducting magnets for a static magnetic refrigerator

BEA X o TEBIS Y AT LM T D2 ML

TWB9]. £7°, (@D INTHRIZA VO BE T 5. RIZ,

B9 — DAL DEZE T TO)D LI PRI = A L% il
SHD. T5E, BORIIBZNICRE ED720, WA OFIHEBAZ
T IR CED. IBIT()D I A V% 18 i
SHAZET, NIID MCM 235210 ARéSHE 0 L720, SMAlD
MCM 23220535038 KT5. (a)—(b)—(c)—(b)—(a)DH
AT N0 ZE T MCM 126U CE SR 2 52 il T 5
ZENTED. ZOHETIE, RRIaA OB TRE
T AR R LR T M DIEMEIS D BHAELTLED. Zhbi
DWTOFEMR T SR OMETHD.

SE XM

1. K. Kamiya, et al.: Applied Physics Express, Vol. 5 (2022),

No. 053001

2. K. Kamiya, et al.: Invited presentation of [SS2023,
2023.11.28-30

3. PREZZIG M5 66 B R PR A T AR AR
(2022), No. 1D09

4. PEIRERE At FFBAF- 4— 177065 (1990)

5. D. McCammon, et al.:The Astrophysical Journal, Vol.
576 (2002), pp. 188-203

6. P. Shirron, et al.: Cryogenics, Vol. 41 (2001), pp.789-795

7. CPEFIEM Al RRRFES 7170337 %5 (2022)

fipdlE—BR 12023 AERKZKIR L5 - M 8 i

WEZ4E (2023), p. 48

9. FAIKAEZIT L RFRE 2024-026290 (2024)

*®

51080 20244F BERK KR T4 -

HEEAR7ETE R

A



1C-p03
MEERA LSS

TS U

BUAT LIS HERRE 2

Basic research on magnetic shielding type magnetic refrigeration system 2

P OEA, /NEPSE K (NIFS);

W Fk, WA 4528 (Science Tokyo); EH & (BkiE

BT

HIRANO Naoki, ONODERA Yuta (NIFS)
OSAKA Shota, OKAMURA Tetsuiji (Science Tokyo); TOMITA Masaru (RTRI)
E-mail: hirano.naoki@nifs.ac.jp

1. [XC®HIZ

ERB S B O EEI R DR L. %A~ AN
LIS SNV A REME 2 A, ~ YU 7 AIZHE S 72 <
& BRI 2 MER T X 2B H Y 2T L ORFFER3E 21T -
T3, 2o—FE LT, BIBEEEa A L BHA
T D & BESEREN ZEabE 5 Z L Taf vnH
T VA NTOHEONIREED TN D, BB TIX
WRIEEWE OB E 52D NENH D, DT
EE L CHBIRE oA VOEITHHEREZ R H U CBhiHEE
I B HFE[1 & RER A Z WD FERIE B LT3
SRR D T2 7 YBCO »SV 7 RIZx L Tk %
FAV, 77K L IJE T TOHR 65 K TOIHEERD & ks B2

P LTV DM, IRV IRORE R RE O R — Tk
KL, 7SV 7 B IRP R IERRE ) T2 2 L %

IRTIZES TR, AElL 77 KIZBW TSV 7RO
M ME 2 3l L. & O & BRREBE T & OB &
B LD THET S,

2. BIEENILIKROHSERSR

- KRG

Fig.1 [ZEBR T L7 YBCO NV OB %1,
VI ROBINITREER 2EH L. KKET 77 K, &
T L 72 65 K AU CREKERG R 2 E LT, B
NRIT, BEBEBEaA N> TEBRENDLRBESRE, 2 o
DOIBEE )L 7 KD D22 ﬁf@méht¢um%k@
ZELTER L, 7V HOEMEX 10 mm & L7z, %
B2t % Tablel (27”7,

- RBRAE R

REW 2B ROERDFERNER R E LT BER iﬂbﬂo
mm) THROE D307 FIZxE L, 65 KIZH T DR
TR B D EBHE R & Fig2 12779, BEMEREhRIZ,
VIR DIERCIE LN IIE &2 DEME I3 EL 725
LEZ BN, SEIOFEBRETIE, AMEBELTHRE
<ﬁﬁ@%ﬂ£@éﬁ%@mm®® @), EIHHHEHE
FREMBENDEmNERNE LTS, ZhuE, b
TIROE—MHENRNZ EDNEE L TWDEEZ TS,

3. INILOIR D B RS ST
SR EEFECTH AV IRARORHEIZ R D Z &R
EZ2oND, TNEHLNITH0, IRIEERIEEIC
kwfﬂwyw SSRGS ZEN L. # D& R
22 A IREE &2 A L 7=, A% 28 mm JE A 10 mm D3
waW@F%%ng_r¢ RUBIRCTH-TH, i
IZENWR MR O BERSENER IS, O —F
1LV — 7 BEEIT i, BWRSRE S L T D
WD,

4 FEHESHEDFE

YBCO 7V 7 ZRiRE R % W T 77K 72 5 ONZ 65 K
I CTHKIERIREZRE L, HREEEL TS, FL
R TH-TH, 7T BIROERFEORER R K
LB DT ERHER SN, EREEE & BEROGERT R
TR B EEZOND ZEND _Oﬁ—:?x?bﬂib
IAATERRENTIZ iDmKiT@Mﬂﬁﬁﬁ%%%EL\
%@ﬁﬁmmémﬁf%é%w@ﬁﬁ%%ﬁ#é@%ﬁ
W ROBEI TS AT AOFRBAREM: 2 Rt Lz v,

42mm

-Smm

10mm
i
YBCO Bulk
28 mm
Fig.l Photograph of superconducting bulk material for
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Table 1 Experimental Condition

Diameter [mm)] 14,21, 28,42
Shield spacing [mm] 10

Shielding Magnetic Field [mT]

Temperature [K] 58~65,77
Thickness [mm] 2,5,10
Applied field [T] 0~3.5
U2
42 m:m‘[f
il /—/_/"/’_\ mm® (2
Ty
.¢/mﬂﬁﬁﬂwMﬁ
,/ Jﬂi wr 21 mm¢
: /% . 28 mmd (1
P PR A
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Fig.2 Experimental results of magnetic shielding effect at 65 K
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3 Magnetization characteristics of YBCO bulk at 77 K
(outer diameter 28 mm, thickness 10 mm)
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Fig.1 SAGE calculation model of 2 stage PT expander.

Table 1 Performance calculation results of a 2stage PT
cryocooler.

Compressor piston diameter OD20 mm
Operating frequency/Initial gas pressure f30Hz/Pm 2.5MPa

H ODI17.8mm, L25mm, 180#SS
Regenerator(R21)
L ODI17.8mm, L45mm, 400#SS
H ODI14.2mm, L35mm, HoCu2 d0.1mm
Regenerator(R22)
2 stage L ODI14.2mm, [40mm, HoCu2 d0.1lmm
expander .
Pulse tube ID9mm, L70mm+5mm(Intermediate HEX)

+L90mm+LSmm(HEX)
Double-inlet / Inertance tube ID0.85mm /L2.42m, ID1.59mm

Buffer volume 250cc

Compressor stroke Xc/ pressure defference dP¢  14.7mm / 0.528 MPa

Compressor P-V work We2 74.7TW
;;tcage Heat rejection of 1** stage at 77K Q21 4.233W
Cooling performance of 2 stage at 15K Q22 234 mW
compressor electric input power Qinp2 100W
500
g 400 Calculation.
£
X
)
% 300 Experimental.
= @)
3
a @)
S 200
g o
8 Compressor P-V work 73 W
S 100 Ambient temperature 25°C
& Operating frequency 15Hz
Initial pressure 3.2 MPa O
0 . .
60 70 80 90

18t Temperature (K)

Fig.2 Comparison of experimental and calculated results.
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Dilution refrigerator for space use
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1. INTRODUCTION

Some space missions need a refrigeration temperature
below 50mK. The magnetic refrigerator is complex though it is
used in space. Open cycle dilution refrigerator life time
depends on the storage of He3 and He4 in space. Close cycle
dilution refrigerator could be a good choice because it is very
simple, but how to separate He3 and He4 in space is a problem
because ordinary still cannot make a clear phase boundary of
liquid He4 and gas He3 near zero gravity. Another problem is
no He3 concentrated phase and dilute phase in the mixing
chamber near zero gravity. A new concept of close cycle
dilution refrigerator may solve these problems.

2. NEW CONCEPTS OF STILL AND MIXING CHAMBER

The inner wall of the still is filled with porous material for
liquid superfluid He4, the empty center is for gas phase He3.
All heating power to the still originates from the center. A
silver or other porous material plug replaces the interface
between the concentrated and dilute phases in a typical dilution
refrigerator.

3. STRUCTURE AND MECHANISM

Figure 1 is a schematic of the dilution refrigerator for
space using based on the new concept.

Compression unit 1 includes compressors and pre-coolers,
where He3 is compressed and pre-cooled to base temperature
may be 2-4K by a JT refrigerator pre-cooled by a pulse tube
refrigerator or Stirling refrigerator. Then it passes hot heat
exchanger 2 where it is cooled by low pressure He3 gas from
the still 3.

The inner wall of still 3 filled with porous material 31, in
which the liquid super He4 would stay, the center is empty for
gas phase He3. It is similar to space using heat pipe in which
there is clear liquid phase and gas phase. He3 gas out tube 33
has heater 35 for breaking Rollin film and supply heat power to
the still for vaporization. High pressure He3 tube also passes
He3 out tube for making He3 cooler 34 in the center of the still
for further cooling to near still temperature, and the He3 cooler
is also a heater for the still. To slow down the Rollin film
velocity, the He3 out tube may be coiled to make it long
enough. This structure let almost all heat power for the still
release from the center. There would be a temperature gradient
from the center to the porous material for keeping gas phase. If
the power of heater 35 is not enough to break Rollin film,
theoretically, it still works by an orifice at the end of He3 out
tube, but it may meet compression unit difficult due to too low
pressure of He3. He3 last cooler 36 is for make sure that He3 is
cooled enough by the still.

Mixing chamber 5 is separated by porous material plug 53
to imaginary concentrated space 51 and imaginary dilute space
52. He3 from imaginary concentrated phase passes plug 53 due
to high pressure, and it would penetrate to He4 which is on the
surface of the powder of the plug. If the plug surface area is
large enough, He3 and He4 would mix well after passes the
plug to imaginary dilute phase 52. A JT valve on He3 gas tube
may stop super He4 goes to He3 tube. The space 51 may be
filled with He3 drop mixing with He4 or concentrated He3,
which may depend on the pressure difference of He3 between
both side of plug 53. The plug acts as the interface between
concentrated phase and dilute phase in an ordinary dilution
refrigerator. The process of He3 penetrates to He4 is also a

process of making cooling power, the plug would be cooled
down, then the plug is also a fin for transfer cooling power out.

Heat exchanger unit 4 may include continues heat
exchanger and step heat exchanger. Duo to zero gravity, He3
may be easy penetrate to still 3 from imaginary dilute phase 51.

Figure 1 Schematic of dilution refrigerator for space use
1.compression unit 2.hot heat exchanger 3.still 31.porous
material 32.gas space 33.He3 out tube 34.He3 cooler 35.heater
36. He3 last cooler 4.heat exchanger unit  5.mixing chamber
51.imaginary dilute phase 52. Imaginary concentrated phase
53.plug

4. CONFIRMATION TEST CONCEPT ON GROUND

Figure 2 is the schematic of the test system. Inside the still,
there is a heater which supply heat power, and a sorption
cooler supply same amount of cooling power to let the still in
thermal balance condition. If it works, superfluid He4 fills the
porous material, He3 gas is in the center, and there is He3 gas
inside the He3 out tube, too. We can put the test system in
different directions to check it. After the test, we may test it in
zero gravity test system for about 10 seconds to know if He4
stays in porous material and the center has no liquid. The
confirmation test of mixing chamber could be done in an
ordinary dilution refrigerator with new mixing chamber as
shown in Figure 1 and let its temperature over the
phase-separation temperature to make sure there is no
concentrated phase in the system, and let still temperature is a
little higher. If the mixing chamber temperature is lower than

the still and has cooling power, we may judge that it works.
—

Figure2 Schematic of the confirmation test system for still

5. CONCLUSION

The new concept of a dilution refrigerator and its
confirmation test system are introduced. The new dilution
refrigerator theoretically has the potential to work well.
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Fig.3 Time evolution of the
temperature and controlled
magnetic fields of CNDR [5].
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using residual resistivity ratio measurements
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Temperature Superconductors
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Heat—transfer dependence of pipe surface materials in cryogenic double pipes
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Fig. 1 Reflectivity measurement for metal surfaces
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Pressure reduction inside vacuum insulation by Cryo—condense of CO2 in liquid Nitrogen
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Activities of the survey working group towards questionnaire concerning safety and reliability of

the superconducting / cryogenic equipment 2 (Survey results for limited audience)
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Fig.1 Flow diagram of exclusive questionnaire
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Superconductivity in Al-substituted TaGe, with a chiral crystal structure
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Fig.1 Temperature dependence of the magnetic susceptibility
of TaAl,G.o— under a magnetic field of 10 Oe. Close and open
marks present the susceptibility collected by zero—field
cooling (ZFC) and field cooling (FC) processes, respectively.

SE Xk
[1] E. Bauer, et al.: Phys. Rev. Lett., Vol. 92 (2004) 027003
[2] R. Nakajima, et al.: Nature, Vol. 613 (2023) 479

5510810 20244 FERKFAKIL T2 - BAEE AR RE



1P-p02

EUAEES - N4 T v it

MgB, /AT )Y BEEHRM DR A ZD&REL

Optimization of the fabrication method of MgB, hybrid superconducting wire
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1. J. Nagamatsu et al., Nature, Vol. 410 (2001) p. 63
2. FE— KR T4, Vol. 56(2021)301
3. K. Ohashi, et al.: Abstracts of CSSJ Conference, Vol. 104

(2022) p.78

Fig. 1 Cross section of hybrid superconducting wires. (a) The
Nb tube core wire. (b)The stainless—steel core wire. (c)The
Ag and Nb tube core wire.
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Summer Seminar for Cryogenic Technology 2024 Fabrication of Refrigerator with a Rotary valve
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Fig. 2 Thermal insulation wrapping for the pulse tube
and the regenerator with multi-layer insulation
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Fig. 3 Temperature waveforms during refrigeration

capacity measurement
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1. T. Kanayama, et al.: Abstracts of CSJ Conference, Vol.
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—Fabrication and Testing of the Pulse Tube Refrigerator with the solenoid valve—

H D5 () s R AR (AR s ERGUR)

TANAKA Yoshinori(SHI); IDE Ikuo(Nagoya Univ.); GAO Yunfei(Kyoto Univ.)
E-mail: yoshinori.tanaka.t@shi-g.com

1. [XC®HIZ

WEHE S EREORIREIRE A6 1%, (RIES BT ORe.
T BRSE FZ EE 28 CCIE T O EE LR OKIE
iz m B85 B CHEERBESNTWD, REEDTE
TlE, 2 DOFISDIVT VAT 2— 7 O BE L)
VERBRZ TR LT, FHBIL, BRIV T EH W v AT
a2 — 7 IO SR G - U ER L O e TR A1 T o
7mo AHEHE TIEEREF Dz B 7 R EFRBR 7 15 3 LU 5
IZOWTHE T 5,

2. BRETEHBRAE

Fig.1 IZARFEEH CTHWZER LT ANV F a—T 0
BRSO K 2R, I, SV AF2—T  FRE.,
JERERS, o7 p DB SIVTERY ., TR T DDL

TEILTORBSTND, T 2OV T ORAZITHIZET,

&1 HRDDE 4 RO VAT 2 — T A T E AT RE
LipoTWD, TS OENEIREEE . 453V ORI D BIf%
% Table.1 TR, 71 7 255D/ LT D, 3,4,5 D/LT 1T
FHCHMALCRY, FEZFETHILENTED, — 7,
1,2,6,7 D)L 7 (XS CTHIEIL TI8Y ., BHEE LBRPAO & I
HEHIETAILNTES,

IR IR LTI TE L iR Re iR & FEhE 35 7= 12 UL
AT a—T FRIRE Yt — X —Z 01T B,
T ORI I A 5 1 55 4 HETo
W TEMESE, S THRR BRI 1T B B AR 2 3R 3 4
L7z M T 3 RSB W Te—— (L0 Al 2 N E
L., EFIRREL 72 S TR DR E 2 E D& THIRAE I D
BRI LT,

3. #8
FEEEOLE L8 1 B TR ARSI IR E D

PNEFEREL TR, 8 2 HH T, ST 3 OB R 2L

SEARNHIREL L, Bl B A A LT, LT 3D

buffer
Compressar 2

Pulse Tube

heater
AN

resistance thermometer

Fig.1 Schematic of Pulse Tube cryocooler.
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Table.1 Pulse tube cryocooler types and open valves

Type Open valves
Basic pulse (1st generation) 1,2
Orifice (2nd generation) 1,2,3
2 valves (3rd generation) 1,2,3,4,5
Double inlet (4th generation) 1,2,3,4,5,6,7
Data Points
501 Cubic Spline Interpolation
4
@ 45|
=
°
8401
E
b}
35 ;
30 !
2.0 2.5 3.0 3.5 4.0 4.5 5.0
Valve 5 opening
Fig2. Temperature to valve 5 opening.
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Fig.3 Refrigeration capacity test with 2 valves.
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Fig.1 Concept of Hydrogen Superconductivity complex.
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Fig.2 Layer structure of superconductivity industries.
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Increasing the sensitivity of the AC loss measurement system using a pick—up coil method by
improving the symmetry of field distributions in the magnet for applying external fields
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Fig. 2 Coils for measuring field distributions in the magnet.
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Fig. 3 Measured field distributions in the magnet.

Fig. 4 Calculated field distributions in the magnet.
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Evaluation of AC Loss Reduction of a REBCO Superconducting Coil wound with
a Multifilamentary REBCO Tape with High Inter—Filament Resistance
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Tablel Specification of tapes

Parameter Monofilament CaAM
Tape width 4.13 mm 4.26 mm
Super(l:;)}rllélructmg YBCO
Sover tickness 3 um
1(77K, s.f.) 2119 A 2139 A
Tablell Specification of coils
Parameter Coil A Coil B
Used tape Monofilament tape CaAM tape
Inner diameter 40 mm
Outer diameter 65.4 mm 65.6 mm
Number of turns 80 x2
Tape length 26.5m

1. E+00
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Fig.1 Comparison of calculated AC losses of coils A and B when
they are stacked.
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Fig.2 Distribution of the magnetic field magnitude along the
radical direction in coils under current amplitude of 45 A.
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[1] E. Berrospe-Juarez et al., “Advanced electromagnetic modeling of
large-scale high-temperature superconductor systems based on H
andT-A formulations,” Supercond. Sci. Technol. vol. 34, no. 6, Feb.
2020, Art. no. 044002, doi: 10.1088/1361-6668/abde87

[2] T. Ito et al., “Difference of AC losses between nonstriated and
striated tape and applicability of temperature scaling law to
stacked striated tape,” IEEE Trans. Appl. Supercond., vol. 28, no.
3, Apr. 2018, Art. no. 8200505, doi: 10.1109/TASC.2018.2789458.
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Evaluation of AC loss of Face—to—Face Double Stack REBCO Coated Conductors

under varying the number of stacks and degrees of applied magnetic field.
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1. M. Nakamura, et al.: IEEE Trans. Appl. Supercond.,
34(2024) 6601804

2. M. Iwakuma, et al.: Supercond. Sci. Technol., 16 (2003)
p.545

HEE AU, BHAF A A(HBG3H00187)0D 3 k%
ZIFCHEMLIZHDTHD,

Table.1 Specifications of FEDS tape and Comparion tape
and conditions of experiments

FFEDS tape

Dimensions of the tapes 4 mm in width, 0.18 mm in

thickness

Superconducting layer EuBCO+BHO(2.7 pm in

thickness)
Temperature 30 ~ 77K
Number of layer stack 1, 5,8 and 15
Field angle 45° 60° 90°
Ie (TTK, s.1.) 416.8 A

Fig. 1 Number of layer stack dependence of AC losses of
FFEDS tapes at 77K.

Fig. 2 Angular dependence of AC losses of FFDS tapes at
T7K.
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Evaluation of AC loss characteristics of a Bi—2223 sample coil under non-sinusoidal and

high frequency current flow
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1. D. Nogi, et al.: Abstracts of CSSJ Conference, Vol. 103
(2022) p. 48.

Fig. 1 Current waveform with superimposed high frequency

currents.

Fig. 2 Measured and calculated results of incremental AC

losses.
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Fig. 3 Measurement circuit for AC magnetization curves.

Fig. 4 An example of measurement results of AC magnetization

curve.
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Numerical analysis of AC transport current losses in ultrafine Nb;Sn and Nb;Al superconducting wires
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O, ARE S H T TR O 22 8 TR 2 % IEfRIHE - 3T
i3 2 OIFIEFICHEL < GBEF ORE ERCWHR: &0
RIEHIZ L 0), BIERE RO Z Y HEE IS OV TR T 5
VENH D LEZ TS, & 2 CTRIFZETIE, M NbAL
k& NbsSn HBEEMA OKHERA DR IRBEERIIZONT
A BRE SRS  EEMHT 21TV, FEBRAE R B X O
EEDHEEIT>TDT, ZOFREIZOWTHET S,
2. HBBRMLBEHAE

BA%E L 721/ NbsAl & NbsSn A O EE & 2 kA
[RELFRIEIC S 72 Offfr €5 L % Fig 1 1IZ7-7, Y= U
— 11— LIETERL S N7 NbsAl $ibf OB BRI 5k
272> T, 8L Nb/Al B & ORINCIZIEERG 1A D Nb S
U7 REESH TS, £72, A OB O R
(Cumon-Curatio) 1% 1:1 TH 5, —J, 7o XETrER
SN 72 NbsSn #pbt OMBEEERILT 4 7 A MEIRTH Y,
PO TWIRNIIARD T 4 T A MIREMRIRICEE ST
W5, BEHRA OFETE & ERLE LN TE (BEREBHC 0
) SR UM/ T A — % % Table.l (23, [A] DR
ICBWT, BEEMOEREIT NbAl #4475 NbsSn #44 L
K& <, BRERBEITROND, ¥R EREE TS
W, B, T B HEEHNTEY, 1 A7y
720 ORFEEEBRL O (J/m/cycle)x, TEHOME E LB
BEOREIJIZEARATHE L, 22T, SIEk
i, TITEEBROEIAZEZL TWD, HMEEHICBWT
WL E-JRENREZB SN TEY, B2 (Total) & 455 (B8
TEEHEL - NbsAl, $f : Cu, =47\ 7:Nb) OXFREER
KEHELE,

1 T
Q=—f fEx]dsm

T 0 S
3. fRWMER - ER
FERO—F & U CERIEMRNT & BRTE LN 50 pm
O NbsAl #H D 10 K (281 2 & Fiil B O B A TR
M L B AR 2 Fig2 & Figl3 12”79, KLV, Cu & Nb
DHWEIZL D ATV U R & AT L 2 mEEIEIE
FWIZ/PNE <, NbsAl OBEETIC L D 27 U v AENXAE
MITHDZ ENRITRER DO RENTZ, £72, N Al DB A
T U v AEIE, FURZOMREEESEOERA
N AR CORTHRRIN K E L, BAMERITRDITON
PREATICHE L7-, AU, BEERRTIE n Al LT
BT TIXIEE IV n ERHAW ORI TH D &5
N5, ZTOMEW n HOEEITE RIS L HI,
NbsAl O A it B8 RV JE B o HE N & I3 2 1m)
ZoR L72(Fig3), L L, FEBRE AT TR O bR HEE
BRITIZER UEZRLTEY, ERICBW OIBEES
LD RMERPDELSHESNTND Z EBHAL MR

ST,

Fig.1 Cross-sectional photograph and 2D analytical model of the
(a) NbsAl wire and (b) Nb3Sn wire.

Table.1 Sample wire specifications and analysis parameters

Parameter NbsAl Nb;Sn
Wire diameter (pm) 50 50
Cu/Non-Cu ratio 1.0 0.89
Superconductor shape Cylindric 19 filaments
Superconducting area (x107'°m?) 6.53 1.34
Superconducting portion (%) 33 6.8
Critical current @10 K (A) 13.05 3.85
Critical current densi 10K
v @ 2.0 2.9
(x10'° A/m?)
n value 5 7
102 O NbAl
104 m Nb
f ¢ Cu
= X Total &
el 0y o Ex:)crimcntal result -g.--j =
g ===~ Theoretical curve IS
E oty @ ©° @9—9"&9_ o« *
2 10| e ¢
S E---77 . 3 * . n "
Q -12
PR .
101 - "
10-16
0.01 0.1 1
F=1Ip/lc

Fig.2 Numerical and experimental results of AC transport current
losses in NbsAl wire as a function of Ip/Ic. I, is peak value of AC
current (@ 10 K and 400 Hz).

10¢
ONbAI ENb  Cu  XTotal OExperimental result
=
S w0k ® ¥ ® ®8 B R ®
5
E
3 .
P 1010} . . *
g .« *°*
= .
2
102} .
[
- = "
n
10-|4

0.1 1 10
Frequency (kHz)

Fig.3 Numerical and experimental results of AC transport current
losses in Nb3Al wire as a function of frequency (@ 10 K and 1 A).
BE 3k

[1] G. Vellgo and P. Metra, “An analysis of the transport losses

measured on HTSC single-phase conductor prototypes,”
Supercond. Sci. Tech., vol. 8, pp. 476-483, 1995.
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Zr ZINR—2 = L= E MR E (T2 L 1= REBa,CusO, SEIR D EG R B4 (2)
Critical current characteristics of REBa,Cu,0, thin films deposited
on a Zr—patterned substrates (2)

PP B, At B (M TR A B, ok ZINIMS); k. BRE i TR)

SEKITO Shinya, SHIRATSUCHI Yuichiro (Fukuoka Inst. Tech); MATSUMOTO Akiyoshi, TACHIKI Minoru (NIMS);
INOUE Masayoshi (Fukuoka Inst. Tech)

E-mail: mem24105@bene.fit.ac.jp

1. [ZC®HIZ

REBa>Cu30y (REBCO) #44 DA i 8 SARIR I LR L A
B THH1], Foxld, ML TIEO— DL LU TEEKR EICHR
ROEE (Zr Nb %) /32— =7, D% REBCO & 5%
352 & TR T BEZ TS FIEICEALA TV A, milElE
Zr O _FECMI (S HERS 5 REBCO RO B XAHH IO
THADIDIT, 18106 pm D Zr ZERIRITIEAL L. REBCO
TR D Zr ST LV % B CRE §CllE
L7z, TOFER, Zr FICHEREL 72 REBCO 258 B S & TE K
L TWBIRBEV R AL (2], 2 THENXER R E LD
R - WG IR AT A T T DTS T2,

2. BB A%

AWFFETIE 5 mm A SrTiOs etk LIZ7 ANV 7 I77 0 K%
VU by F 7 IR 106 pm, &S 550 nm O Zr
ERARITIERR L=, £D1%, REBCO 4/ L AL —H—7%
715 (PLD {8) I TR L 7=, $72 Zr TBRICHTD IV Rtk
HEDTDIC~A7aT VPN LE T2, TD~A7u7Y
VOB K% Fig. 1 1R T, fERILIZ Zr R2i@d~A/nm
TNV EBEEEOHD~A7aT VDI AXIIE L LY
@AY 200 um, FE28 500 um THY, THHD LV FtEDiR
JE < BESHR A A W BR AR MU 7 < A 7 I (Physical  Properties
Measurement System, PPMS) & N CRIEEL 7=,

3. BRRUBER

PPMS THEOLNTE~A2707 VoD LV it (B B
% Fig. 2 (TR ¥, Te(290K) LL EIZBWTIE, Zr EEmd~
A0 T VPO [V EMT Zr D72 EA L REEIC REBCO O
W EEIPUCAR Y T OMIBIRPIZ R L TV 2 ENR 1D,
Te LFOEBICIH WL Zr FE@D~AruT oD LV
FRPEI Zr OBPUR S IC KD EENE RSN R D 2 L
DTSN, BEEEOLOEA L LT L ER R
HLODOHEBIB N ASNTZ. ZOZEND, Zr BIZITHEE
EHREPMERINTNDEEZ LD,

IHIZ, I EORE - B KAFEORE Fo% Fig3 o7, £
DFEFRID Zr OB D L AEO MBSt Tl 4
fELLECHELOD, — ) TrRMIHFIR Tl D EN/NEL
720, RAWEISIXIFITELLRDIIREFEBH N ALNT, 2
FUEHE S R O A A3 K32 LRI C O R BT E L
AT DENHMIEBIEFLIL TS, LIZA-TC, Zr RicHE
FEL7= REBCO I3f5uE ML TRy, EHEMARIRICIY o7
Do TWDHHEEMENE 2 bD, BLEOFEMIZ OV TIEYH
W72,

B

AWFFED—H 1T NIMS O Joint research Hub Program & U,
JSPS BHF% JP22H02019, JP22H02021 D AEIZL0 L=
LOTHD,

Microbridge N Zr-stripe

500 pm

s

* win Zr-stripe
O Perpencicular o Zr

Volage V' [V]

Current [ [mA]

Fig. 2 Current-voltage Characteristics at various temperatures

in self-field

100

% \>m

\ 84K
0 1 2 3 4
Magnetic field B [T]

Critical Current / [mA]

Fig. 3 Magnetic field dependence of I-value

SE

[1]. A. Matsumoto, et al., Abstracts of CSSJ Conference,
Vol. 103 (2022) p. 18

[2]. S. Sekito, et al., Abstracts of CSSJ Conference,
Vol. 107 (2023) p. 104

[3]. H. Hilgenkamp et al, “Grain boundaries in high-Tc
superconductors” Rev. Mod. Phys., Vol. 74, No. 2, April 2002
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Critical current properties of YBCO thin films on substrate with Zr—stripe of a few pm-width

B #—8, BF BR, @k 8 SR EOK (R TR)

s RAA B, IR HE

(NIMS) 5 Lk Bl (&R TR)

SHIRATSUCHI Yuichiro, SEKITO Shinya, TAKAJO Rin, NOMURA Ryota (Fukuoka Inst. Tech.);
MATSUMOTO Akiyoshi, TACHIKI Minoru (NIMS); INOUE Masayoshi (Fukuoka Inst. Tech.)
E-mail: mem23111@bene.fit.ac.jp

1. [EZC®HIZ

75 1¥8% (RE=Rare Earth, REBCO) &R B DM
ﬁ'ﬁﬂ:m&%#ﬁ%&ﬁu:ﬁ@&ﬁf@#of&;éo AL
WZBWTIE, BRYM EOBENE T 4T A NEOM
BN ENEE LW, 22T, FxIIH pm BOERE
(Zr, Nb%§) A NTA TEFEK LT3R iz, @BEER
ERIET S L CHBEEHIEL TV D, ARFZETIE, K
pm 1§D Zr ¥ T YBaxCusOx (YBCO) EASESIIIC /B
LCWAENEFRE7DIZ Zr I LCEREWLT Y v U
TAEATV, @ERREZERL7-0OTEORBRIZOWVTHR
T2,

2. ERAE

SrTiOs (STO) M HHIZHR 5.2 ym, & X 350 nm 2
TDILARNTIAT 2T NIV TTT 4 AN B
TICTRR LT, D%, »"ILAL—PF—FKEEIZT
300 nm 2% YBCO %H%%ﬁiﬂ% L7,

WERBREITHIEOICTZA NIV I TT 0Ty b
I/?/ﬁ7uﬁx%ﬁwTV47m7Uy?MI%ﬁ
o7, Fig LiZ~wA7mn7 ) v PoRKRE RS, v1 7
07y UL, Zr A MTAFICH LCERECE/RLEZD
ORI E R E LIZBEBEOLOL O EEEK LT,
7y VOREESIE, £ 500 um Th B, BH-E
£ (-p) R, $FSERE v A7 A& 4 3 1E
I TiToTs F77, <74’ 7 07Uy VIS T D EATOR
G R TR T 572012 SEM IC X 2 EAEBEEZITo 77,

3. BRRUER

Fig. 2 1T IV FrtE ORI 2R3, Tl fE D 90K T
1%, W7 Uy VICBWGREBIEIZ R L TEY, 10 QfF
EOFEEZA L TW=, 8K TiX, M7V vz
THESLEBAHERINTZ LD, Zr A T4 T8
7 ‘75/“@73753‘1&‘/‘55_ﬁa§01uf§)0710 *77, Zr ANT
A T OETERMIIHE SN TWEIEE, IBERE
A5 Zr \IERNPTEND 120, Zr I OEEEEE LT
VR Z R T Z ERTRIESNTZN, TO L) BRI
MR ENRM-oTz,

Fig. 312 Zr A b 7 A T ¥WfFED SEM 4% 777, STO FR
LT, 2 A A SO LT B A RER TR T2, — 5 T,
Zr =D YBCO 1T A b T A 7 LD JR#PH TR X 72 5Lk
FERLTWDZ L, 2N OORMMPENTND Z &
MR T T,

INBHORERMNS, Zr A T A IO REBCO I,
ARV T CHAES L TWD Z BB LN
%o

HEE

AFFE TIERL L 7= 7 3 2 OVERYTRR O —EBIEL NIMS
WAZ 7o FUVICTIToT, F72, ABFZEO—ix
NIMS @ Joint Research Hub Program &% X, JSPS Flfiff#
JP22H02019, JP22H02021 D XERIZL VW F N2 DTH
2,

Zr-stripe

Au for
electrode

with Zr-stripe
YBCO

H

w/o0 Zr-stripe

500 pm

500 pm

Fig. 1 Schematic of micro-bridges for /-V measurement

O with Zr-stripe
>< W/o Zr strlpe Zr resistance at 100 K

107 /

/
]

>

= 10* 7 ¢ .
5y o { ]
3 [ 3 ' ]
S g P : ]

4 o
& / L 875K]

10° > r
3 o ¥ E
o i I
.I L] L] x 1

107 107 10" 10° 10 10*
Current /[mA]

Fig. 2 I-V characteristics of micro-bridges with or w/o Zr-stripe
in various temperatures

2um Ipm

Fig. 3 SEM image of YBCO thin films near the Zr-stripe
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REBCO M DERREFR DR LYIKFHEEERNBRREREES M (2)

Torsion dependence on critical current and in—plane J, distribution
of REBCO coated conductor(2)

BRIRE SER, A i, R

W, mA 28, b E

Bl (FRf TR)

KAKUREZAKI Ryoga, HONDA Shoya, MATSUO Yuto, MIYAMOTO Nozomu, INOUE Masayoshi
(Fukuoka Inst. Tech.)
E-mail: mem24103@bene.fit.ac.jp

1. [ZC®HIZ

REBCO #AH A AR KR D 7=, > A A MM T3 i
SB[, FIT, Hxi LORLEVEEEZFH~NTH
5, BRI, LIEFROXRMROANY FIZHEH L, BBRERE
FE (Jo) OENAREICE Y $A TWD, A8, LOKTF
BIAAE Y F BB RIS T M DN Jo & T8, a1
STeDT, ZOFERIZONWTHRET S,

2. EBAE

B O U728 1308 2mm, JE & 43 um @ REBCO
WM CTRM 2R Ca—T 1 7 SNTHY, LIT46 A
Th b, A% 100 mm FBREGIY B Lo, B
DR E RFNT AT U, B 1 3 & S s B
Thd 2 >OE7 7y ZIZEE LT, $7 w27 O F i
FEELEEE, iz EizIE5 2 & THRMIZATY
ZHINL TV D, [EHEA Z NS R85, [Eif 4 S5
WZ&Y L WEEAT T, L ER, EARAR—/L 3 T
%85 (Scanning Hall-probe Microscopy, SHPM) [Z LV fifif i
B A JIE e NN Je 53 AT OfRFT 24T 572,

3. ERHERRUEBR
RCVHIRBRIZE VBN L OV A A NE Yy FK
FPE% Fig. 112t 3 20BN, WIFhbE—ryhoff
MODEVHLTWDER, I NMET LGS D E Yy FRIX
170 mm, 120 mm, 70 mm & 572> TW7=, HERK T,
B S [ PN DA % B0 Ui 5 0 A I E %1 T >
72, Fig. 2 \Z (a) fliHERES 50 A B OY (b) TN Je S3 AR &R g,
Fig. 2 Z RCH 5 &, FMMICRIGEES L AME T LT
DI ENGMD, OB 3~5mm BRE THo7=, T D
Tl RUVICEBRMOAD FR, 2EIZbE=->T
K= i, RM»- B 8RS 5 2 L &R
L T35, o, RFTICRIBICHGIREME FTLTWAE
bR CET-, TNOOE % SEM Bl LTL2 5,
Sample 2 TiE, MM EFHENIWEIIMNTZr T >
72 EDRIA[2]735, Sample 3 TiX, BAET NIRRT 5
Wit 72 7 7 > 7 OSAAREE S -, SEM I X 5K
B ORI OV TIERE Y HICHRET 5,

HEE
ABFIED B H D —Thi%, ISPS BHIFZ IP22H02021, A TRIC
JIST-ALCA O SHRIZIVON b D THD,

SE XK

1. N. Amemiya, J. Cryo. Soc. Jpn Vol. 45 (2010) p.376

2. R. Kakurezaki, et al., Abstracts of CSSJ Conference, Vol,
107 (2024) p. 105
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Fig. 1 Twist pitch dependence of /. at 77K.
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Fig. 2 (a) Magnetic field distribution and
(b) critical current density distribution
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Critical current density distribution measurement in REBa,Cu;0, superconducting thin films
using magneto—optical imaging (2)

FHE HRK, b BREGEMTIERT) ; K E—, SR ZE, A B3 (NIMS)
UTSUNOMIYA Ginta, INOUE Masayoshi (Fukuoka Inst. Tech);
OOI Syuuichi, TACHIKI Minoru, MATSUMOTO Akiyoshi (NIMS)
E-mail: mem24102@bene.fit.ac.jp

1. [ZC®HIZ

T2 (B EE O A TiEE L TR EIEDO R THEW
LSV RRER A T DR FA A=V (MOD) Z V5T
EBIZEHLTWD, RITFEICRBW TR, BEERE IR LT-
BEEEDS, BWZERI S RAECREONDL DD,  Jo 2347 O
I IERSSLEE25, BIENE, ¥EOEE, Mz T
BON-HRIEF (MO) it 3\, BN ~DHE L J
DA OBEICEVIA ], 4RI, BAeDIRE, B SM:
TIZBITD IS HOFMEATST2DT, ZOFRERIZONTH
T2,

2. EEAE

ARBFFETIE, 5 mmxS mm OBEEREE 5 5ENZT519
WA BANTA T R LT S A L A LT, 3k
FTEDIRE ETHHRSE-1%, SNBSS EZ 0T 205042 T £
THBLIZOBIZ 0T ETHET DI LSRN0, %
WA BV DIRHEREIE AT 1DV T MO % FAV TR
720 ZD%, FTFEICIVELNIFERED LIS 54 ~D
HE L J DA OEHEIT 72, MO {4 o T 3 0%
2048x2048 pixel, TEEE L 16 bit L/e>TWND,

3. MBRRUBER

5 L7T- MO {0 —4#% Fig. 1 1233, [FIMEIZ70 K,
0.40 T THOLNIZFER TH D, HHNTZ MO B OIE 558
LR DORRNG, 6 ROSIEXE VTS ~DOBE 21T
oTc, T, FFHIVTERES: 53 A 23\ TR D25 53
RN RICEE T HE BN AEENERI NI, 4
HRGIT—ETHLEL TRIEDBEEMIEETT o7, il iE%
DREHD—IR L5 4f % Fig. 2 19, RIXEY, &BAN A
T DRI ORESE DMRA T DR T D3 HER TE D, Brandt HD
T A 2 Do i R TR T PN O TS5 45 A D B R 2 S I L
72LZA[2][3], Fig. 3 (a), (OIRT LI, Fig. 2 O EERE
R —B T AT RSN, FFEY HIXEONTZ Je
AT DFERAIZ SN THIRE 5,

S 3k

1. G.Utsunomiya, et al., Abstracts of CSSJ Conference,
Vol. 107 (2023) p. 106

2. E. H. Brandt, et al., Europhys. Lett. 22 (1993) 735

3. Y. Mawatari, J. Cryo. Soc. Jpn 44 (2009) 2

B

AHFFEO—FE NIMS O Joint research Hub Program & OF,
JSPS BlHFE JP22H02019, JP22H02021 DO FIEIZE0ES
7=HbDTHA,

Magneto field (T)

Magneto field (T)

Fig. 1 MO image at 70 K, 0.40 T
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Fig. 2 Comparison of magnetic field distribution
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Fig. 3 Comparison of theoretical curves of magnetic field
distribution
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BRFEZEALL)—IILRAEUIBMIREZIZX S REBCO R4 D BT
RE— MO T O RIKFHED LR &N AREETEFiE~ O ERH
Comparison of Process Dependent Local Inhomogeneities in REBCO Wires Observed by

Reel-to-Reel Magnetic Microscopy with the Introduction of Machine Learning and Its
Development into A General Evaluation Method

HOET, I R, R B Ui,

WU Zeyu, HIGASHIKAWA Kohei, KISS Takanobu (Kyushu Univ.)
E-mail: z.wu@super.ees.kyushu-u.ac.jp

1. [ZLBHIC

REBCORRAA D i St L. D ZE ¥ — M o) ik, S vk
BOEEMN, ZEER EOEDOERBERLFRFTHY .
O SERAECZZ 1 ATVRRER O 72 8 OIF FEME O O ARl
FIEOMWSIIMEOFE L 72> T D, xR ITIFE
WZBWT, U — L AR BB R L - TS L =Rk
BRI OGICIEEFEIC L a2 S AT 5 L
T, W% DTapestaril X 5 —RITH) LT T TE
TWARVWVEFILER Fobstacle ABMICHR T 5 = &
W L7z, £7-. REBCOBODORKIE Y o & X DFp 54
MOEIZ X > T, KA —MEOEN 7 v & X EfF
WEHTDZ L 2RBT HRERERZ[1],

AR TIL, ZNDOHEE S HICH LD T, BIfE
B A —=H =D L TV ABEEO TE AR T ATk
DMK LT, 7o 2ADBENWEEDTFET -4 %
BEL, EFAORNL—=V 7 52{7TH52 LT, kR
L DO RFIARE ORI OFENE RS T D &
iz, BMEE T o 2L S REZ. LA
BREET VIZOWTRF 2Tz, RFEICE-T, B
72 % BRI L 5 REBCOBA 12 N/ S L 2 R BT R 5 — o
Kl - B FRE L 20 . TOHHFEREE0HEOE
LR AREIC D EB A b ND,

2. EBRAE

FUBHIPLDYAL, RCE-DRIEIS KL UMOCYDIED 3 57 1k R
W2 L DR R % FV =, PLDEEZEUBE O #RIF 5. 0 mm,
RCE-DRIEARAF4. 1 mmIS K MOCVDARFF 4. 0 mm T - 7=,
ARBHIx L, UV — A AMKBEMBEERIC L > THAD
WAL FEFRR E oy An & At Uy i PN oD 22 R fiR5 B2 S s
KRR D IR L, SBMICBT 2 KT
TEMO WG A HfIT — 4 & LTHY, 357 % Xk
T AR TEE A A 7Y =7 bE L THRETSET L
DFEEET 0Tz, ZORE, LTFTO4DDTNVEFERL
720 PLDIEIC X D ICEB WV T1L) obstacle® KA A 3
JSTAIZIFELET B @ Isolated Obstacle, 2) 7 T A XKD
A A & TBRT D fEEL : Cluster of Obstacles., 3)
RCE-DRYEIZ & % ##4f TDobstacle, K T4) MOCVD #:iC
X BMIZEB I Bobstacle TH B, 1FbNTZET VTR
GifEIk ZBounding box T/R L7z & &%, Ground truthTH
LW RtEIk & OEREAEZ T THEIEIU (Intersection
over Union) 381% & I Em Mo T, I HIZHFHICH
WT AN TF =X Yy N EFES TET OB 2 KEE
L. FBi#ERecall LA FPrecisionZ F M L 7=,

3. MERLER

Fig. LWCHEHBFLOBRHEET NI LD KBHITBT S
Obstacle D ¥ 5l 2779, (a) PLDHEEAS (isolated type)
(b)PLD #% #1 (cluster type) . (c)RCE-DR#% #F ¥ £ Y
(d)MOCVD # #1 @ Bounding box & T N )L & & R4,
Bounding box TJ~ v 28T B 0bstacle DIFHT & A1

N TR
e ]

PLD Isolated obstacle

PLD Cluster of isolated obstacle

A T i B T
el

RCE-DR obstacle MOCVD obstacle

Fig. 1. Object detection results of Isolated Obstacle for PLD
tape and MOCVD Obstacle for MOCVD tape, by Object
Detection model based on J images from different processes.

Table 1. Results of object detection by the trained model for the

CC tapes fabricated by different three processes, PLD, RCE-
DR and MOCVD, respectively.

PLD Isolated obstacle 34 0 0 0
E PLD Cluster of isolated 0 8 0 0
H obstacles (10)
E; RCE-DR obstacle (23) 1 0 20
MOCVD obstacle (16) 0 0 0 13
PLD Isolated | PLD Cluster of | RCE-DR MOCVD
obstacle (39) isolated obstacle obstacle
obstacles (8) (20) (17)

Model Prediction

XD 7259, ObstacleNXnd b7 kv 2ADfEHHE T
EMEZHBITE Tz, &T A T —XIZBT MR %E
Table 11ZF & 7z, 1008 OPLDHRA D J~ v 71234
Isolated obstacleN(FE L. EF /L TIEL39E Isolated
obstacle, M OFEEE & &> CTHIM L7=HII0TH o 7=,
—F . 2008 ORCE-DR¥RH D J~ » 7" T 1L 231# (O RCE-DR
obstaclelZx L C. &7 /L1X20{& ®RCE-DR obstacle}s
L, 1A DPLDVE D Isolated obstacle & W L 7=,
Table 1D¥ERE KB FHLHERecall 90. 4% & & H
Precision 89.3% & FAliC &, Mi%E T /L DM RSB A
TRV & E R LT,

INGORERL Y BipD 7 u v R X ZREBCOFRM
WZNE XD RFT AR —E O/ Iz @A rTRE 72 LA 72
ETNAAERICRBILTIZ EE 25, ¥ HIZ, M RIIARE
—PEDOEHFREZELRHEOERIZONVTHLIMET 2
TETHD,

BEE ABFEIL, JSPS BHtE JP24H00320, JP23K13368
DY EZ T2t DTH 5,

SEXHR
(1] & et al, KIEAKTRIE (2023), 3B-all.
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INIVRAEFRZ W REBCO &#ICH 1T 3 [ OBIGHINAEKEFEAEF EDHR
Measurement of Field Angular Dependence of / in REBCO Tapes
Using Pulsed Current

LB HEE], ¥ & (ERILK); Hugo Sourice, Arnaud Badel (UGA, G2Elab/Néel Institute, CNRS);
AKEF G BB(MTL); /NE F5L(FK)
E-mail: tsuchiya@tohoku.ac.jp

1. FU®IC

T 1R B {LY)(REBCO) S B BB 13, NMR %
Yt oS~ 7" % v MSAICT 72 42K, 30T
DL OARIRIEREE[ 115, RG22 20K FREE D
FREH TOEASTEH I N T3, 205 DEMEET
B X CEABAFS 12T T, REBCO M4 DEEFLVETR 1. DMl
EDPNIETH 5, REBCO #ib I, WHIGIEIC X - g
IRERLI I DT MRER DRGNS I, OWIGH]
A KRS H 5 70, WIS T CHZIRIE ) D728
WESEAMAEcD I WEBMPIBETH 5, Frldin
T, 5 kA DOV AEREFIF L. AIEIRERE T,
FOVAEEZ AW LMEFEEZRAA L TELRL. Ly
L. WESEIMAE EDREE I T2, I DRSS AIINFA
A D T FE T H - 72,

AWFGECIE, OV AEEER L NEEEEZE T 5 7 u—
73] & ZHlAGHE D 2 £ T, REBCO MM D I, DREESH]
A RO ME FEOFEE HIV & LUk, fERIZ,
REBCO M Z$ 10 ym D<A 70 7' v Il d %
Z L CHEREZIHL Cwiad, BEEREoRY %
ZEL T, H100pm BED<A 70 7)) vy I L %
REBCO #5393 LHlETHEICER L 72,

2. REBITE

AR, 33T MEMEHEE < 7' 2y MNP ED
727 54181 REBCO ###F(FESC-SCHO04(40), IE 4 mm.
Cu ZEALIEIE 40 pm) % FH 72 7OV A L —HF — 2 Hw T
AR IR 180 pm, BX 2mm D=4 707 v 2L
L 72, RGN L 2 G 5 7= 00, s % A3 3 1E
RERER 10A D 70 —7% 73], BESHINE X
OGN, 25T IEARINEEE < 7' %2y b B XU He 71
Wy 54 FRAFy bRV, 4707 v PRk
N2 BRI, SRR ISR T 2 X ) BLIE L 72, W R
Wi, =7 SHBA—RN—F v X ¥ ZH 60V, 5
KA OV ZBERIRE L O NI#HELF 27 4 52 v 7z,

3. EBRERRUER

X 112, 20 K I \>T REBCO #M D (a)RE B & UN(b)
SEAT R NG 2 FIN L 72 & & OB O ETR-E L
BMERT, WEPBMEEAO L E (K1) . BEE?
BM$ 2138 I 2MET L, AROER TR ICEBE DTS
BT, 2, BE A A 200V TETH o, —
BT, WS ET AR & & (X 1(b)  BESHEm
LCd LIIFET L d o7, BE/ A XIIW5HH
MT2IEEWML, 6TICBWT100pV BLEEZRD LD
HHPHEECH - 7,

BIE A ROFREIE, »OVAEBRICERY — FE X
OERHC i % B & SRR I & - TRz e — 1L
YYNHFAEL, Tu—7 MRS MRENT 2 2 LT,
AR O BRI 2 L 2 - i, FHEE
JEDRAE L 7t d EEZ 6 NS, WO EIZX DL
ZLLBHE, /A RAFERZr—L Y YHHDORER
D, L WS E O, 2% 0, BRHINE Y = v JIEEIC

FEfl U 7 (IR TS 2 oo, TRIERGS T i fiafi L, FAT
W FCIREFIcmL -7z tEZons, YLD
W& | I ORSEHIINA ARG OS2 1%, || 4 X
DIFNDIHIECTH 5 Z EDBHAS o7z,

WHIZ, ERBEEOHIMTS 2t cr—L vy iz
LM LEE A X2 WHT 2 FFIcowTHE T2 7E
Th 5,

100 —A—w— . T .

T O
(a) BLtape g E Y
S o
! o
50 S % é; _
5 &
2 A g
S -E%dm T 0y
% o e %040 B(T)
> \4 A o 3
T B o5
-50 - A 10 1
Fujikura, FESC-SCH04(40) v 15
bridge 180 ym | -~ & 20
20K - 24
_100 1 1 1 1 1 1
0 20 40 60 80 100 120
Current (A)
100 T T T T T
(b) Blltape 1 2 E g)o
S8
50 g -
o
g 0 =
3
S B(T)
o1
-50 o 3 A
A 4
&5
< 6
-100 ! !
0 50 100 150 200 250

Current (A)
Fig. 1 Current-voltage curves of the REBCO tape at 20
K under various magnetic fields (a) perpendicular and
(b) parallel to the tape.

e
AWK Ok, BHFZE (22H00104, 22H01522),

NEDO ® B g3 (JPNP20004) D B DFERAG & 417z b

DT F. Sirois BRI I3 A ek e W R EE L,

SE X

[1] A. Badel et al., IEEE Trans. Appl. Supercond. 34, 4301205
(2024). S. Awaiji et al., submitted to IEEE Trans. Appl.
Supercond.

[2] Y. Tsuchiya et al., IEEE Trans. Appl. Supercond. 34,
9500207 (2024).

[31Y. Tsuchiya et al., Supercond. Sci. Technol. 30, 104004
(2017).
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Bending Strain effect for angular dependence of critical current for REBCO coated conductor

KN, KIE I, JR AR, /NE e GRIER) ;

pris B CRAER)

OKAWA Yuhei, NAGAI Sosuke, KURIHARA Yuta, OGURO Hidetoshi (Tokai Univ.); AWAJI Satoshi (Tohoku Univ.)
E-mail: 4CAJM008@tokai.ac.jp

1. [IC®»IC

REBa;Cu;07-5(REBCO, REIXY /=134 T3 58X
coated conductor& L CEHILIN TS, LML, OT A%
ME D&, BIHIMT DGO H MEEZDHIET, @
(REAEVENZAL T 5720 . A TEL OB AL O A LBIR
EEHEDOBIRICEL TORFZERED B TD, EERITIE
:0)200)4%@75:@H#b:ﬁ%ﬁ#é:&fﬁ%{ﬁﬁvy‘%%mﬁﬁ

TIZEEREN, ZORENHLWZDIZEAL T TV
t,cb\ Fex O N—TTIL, BSEAELOT HEEZ RO
coated conductorDARERFIEEZFH TR, FTOFEHR, O
F AL S TREBCOD B HMHENE(LT AR REMENH DL
MWohoTET(L, 2], 72770, EDIHNIELTHD0, 12
T HEMITES D> TR,

AW TIL, REBCOD EF MDA DL HF AT~ D780
OT L RESGEVINA 225 2 CHRAR BWREEIT o7, O
?_J%EWJI] WL T OFREINT 7 % AWTRY ., B, B

WA IRE AL Z TSR R ETROBEE T T2,

2. EBAE

HETHMMELT, 7P 7T7#51L SuperPower 1o
REBCO coated conductor Z & L7-, ZNOHOMBMILEIRT
HREREERER AR O, WEPOREZELEEILTRE
BEREEITITD, R BEREMR DO DTV E AR L
Too M H T N T —T % Mol it L—W —H 2 —%H
WTT VU TBRIZT — 7 %8 ofe, TV OB T
T—TREL, SR, REBREIKFKRET =T K

B, BiAgELTRELZ) B TENE Ny T

Ul 7V EE 1 mm, 1§ 0.3 mm L7~

HEIZER TOIRREE, T OTHE 5 2 I2IRETIT o7,
EH T OV A FHUINERIZIE, AZ —ORIEEIZ925 mm Db
BaRiole Ti-6Al-4V B o7 20T, 0 EIZE
BHAROEDLIDNCEE L, MEE 4 S TETITV ST
1ZA 20 2% W THEE L, BSORMMNIIX, 0.4 T AR
RIAKB~ 7 Foh LT 18 TREE~ Ry Ml LT,
BT~ 7 0 NCIERBH R B EL < 7 %y MRS B
(R~ 27 Zy NCIEEE 7 0 — 72 Lo TR 2 [RlfiE S H 7
O H CRIEEAT 7 WEIEL, 10 TELF. 65 K< T <
85 K O#iPHTIT>7=, FUNT DGO AL, 7—7 i
FEE A, OFD, REBCO O ¢ fllloxf U CEATF % 00, 5
—ZHIFEAT 7\ TéHY REBCO @ ab (A J7 A% 90° LL T,
=200 725 120° O THIE L,
3. ERfEREER

T MLE SuperPower #HHLD coated conductor [Zih
FOFRELZEED, 85 K, 0.4 TIZHIT 58S
i EROBG A ERFEE . Fh 1 Fig. 1, Fig. 2 1R
L7z, Fig. 1 OFEFED, 00 fFUL& 900 T DFEHRIZBIL T,
HIF OF 2L TRELT-EE D LOZE LDV INEL o Tz,
ZORERIT, TNETICRE L7AE R, SIHIT R 5k T
ool ZDJRKNTA % OBRFRETIEH D03, 0° {0l
100° FHEOFREFTOMLEMESE 2 HILHT0 , JIEEE 1
RTILENERTHHEEZTND,

Fig. 2 &, -20° 255 70° FHETIZRWT, T O A EH]
DU 724384 DABAGE R DK T 23 EFR T & 7=, SuperPower

1.1
L Straight wire \

-8 0.9} ~" Bendingwire f, -.
© %%
e 08} T=85K ) | ]
= o7} B=04T p £ &
= . '.. \
5 06} Vy \
Z 0 5 / a.

0.4 f/r .\F\./

0.%20 0 20 40 60 80 100 120
Angle (deg.)
Fig. 1 Normalized critical current as a function of magnetic
field angle for Fujikura wire at 85 K and 0.4 T.

1.1
1 —+— Sraight wire
—=—Bending wire
-_6"’ 09 ¢ T=85K
B=04T
E 08¢
g o7t
2 06}
054 x 1 {,«
‘\“:—:’

4—20 0 20 40 60 80 100 120
Angle (deg.)

Fig. 2 Normalized critical current as a function of magnetic

field angle for SuperPower wire at 85 K and 0.4 T.

DRI DT | BV WA TSI ENLRES A E 00 J7

MO I —2%b O TREI2>TVDA, 0° JFe 90°

FHWMD [ DRESOHFENKE I TNDLI LTS DoT2,

ZORERIT, ZNETORER R, 3J&—ELTWD, HH

RIRE LR R AR TR R M T 208, mEDOR RS

HiEX T, ALV OR 808 DEOMERE | EORMEN

RFEDOEAN B A 52 500U THE T2,

HEE

ARFFET . HACK T R BT JE T iR G i A8 LT

JeEr 2 —OFE(202312-HMKGE-0036) D— i L C1T4

nic,

SE Xk

1. Y. Kurihara et al., Abstract of CSSJ Conference, Vol. 101
(2021) p.38

2. R. Hasegawa et al.,
104 (2022) p.146

3. K. Ishizuka et al.,
32 (2022) 6602304

Abstract of CSSJ Conference, Vol.

IEEE Trans. Appl., Supercond., Vol.
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Consideration of failure morphology based on cross—sectional observation of REBCO cut surfaces
Velg s, MR RS (KEIRSE); BAt tiE OGEFAFRHERF) ; YIFEL Zhang (Super Power)
SATO Koki, MACHIYA Shutaro (Daido univ.); OSAMURA Kozo (RIAS); YIFEI Zhang (Super Power)
E-mail: dmm2305@stumail.daido—it.ac.jp

1. [XC®HIZ
REBCO (1 12mm THRUEXI, 3 EIT D2 THIRESN
TNDZEFIASEIDILTND, 7283, BIRTZ LD Sy 77— &
HBHVNE REBCO & 2 ER IR K 35 K faAEAS
NADBEMENE W, ECAMEDIR TEIMADT-0I12, A—
B —TIZEEDFAYFTHIGL TNDEE ZDND, LDL,
FERNN T 228 AW 112 550 Cld REBCO LA v — 5t
80 CORBIZRAGEETHY , /N2 KM OIFETT
EN TR, EEEOMBEEIEOBIZITHE0 SN T -
720 T DIEREE LN T D728 (2 TSI 722 B 1 %
HEFRL ., W OB AT Ao T= D THRELTZ, o
Flo, INHOHBA I OB REA BRI D7l L — Fig. REBCO (sample 1)
P =W EIT> TOBA—=T—bd B, MR A7)
b — =% BRI DIZS 3, KEEA DI
EBZONDN, FNEMMTIERERELC L—F—4]
WrDIFH A3, FACY F DAL TD Ie DHLR DI EnHH
HEhdD,

2. BB LUERAE

A [\, Super Power (> REBCO ###f %k H L 7=,
(0.085%4.01 mif))

REBCO ##4% & F 5 MBIy 7e bW 2 L, B A A58 10
BRI TN G B OHREE LRy T a4 T 272,

Fig.2 REBCO (sample2)

3. R

4+ [a], REBCO MY 7 /V% 2 K (samplel, sample2) FIEL
THIEBIRL RS DT E To72, K 1,1 2 [T A2 Bl &
{T-72 REBCO DOWiH HE7R” 7, [ 3 TiX, samplel DFFHL
W27 Ty 7 E PR LI-b &R T, £, X4 Tk, K3 0—
AR ELTRT, X 1 OB T, BIROLOHER
T&D, 779 INDORSTELTEEIC NI, Cr DR TET,
— 5Tl 2 T, JEIROLDIFFER TERd o7, 777N
DREEAYELTIEL NG, Cr & Ag DR TE -, X3 T 12E
AEDTTTITHKI 457 DAENOUNTUNE,

H 1pm

4 FR Fig.3 Enlarged view of sample 1
1 TiE RO DRHER TEII L bBIRERE T/ T
VI ECTODEHERTE D, — T 2 T, EiRk7ebo
1372<, Ag DR TEAZ LD BimEE LY Hlch s
Ag DB TIZ9INBELTNDEBZDIENTED, Fiz,

3 DAEDONT=ITy 7N RALY T OB ENRTI< 2D IRA &
CHERIT B,
5 FEH E

A ElDSEERCIE, samplel, sample2 [X[Fl—@ REBCO TH 450
0, I HIETH ST, 770N ADBITENDRHDLZEN
ool BRI GIE 21T > 72555 . sample 1D LA ED

DWEITINADZENHY, AU B D BRI D
JRIRE72 > TWBARENMEN DD, LT= 03> T, BEB ST
T lERBOTZETFEA T o — XL TEERREHE VD,

Fig.4 Schematic diagram of part of Fig.3
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Tensile and compressive fracture behavior of BSCCO filaments

MTEE (ERER (RFEIRT); AT & SRR, AR B (RFEXT F)
MACHIYA Shutaro (Daido univ.); OSAMURA Kozo (RIAS);
SHIRAKIHARA Sou (Undergraduate of Daido univ.)

E-mail: machiya@daido—it.ac.jp

1. [XC®HIZ

BSCCO [ HAATOEMENEELLS, 1XVIZHED D TEMET
DEBRMNONITHONTEERN, 73Ix—hifbanr
BSCCO ##1x, 74T A MIEMEEAT 5L QD T20, JEHE
MO I~ —V DN EEZ BN TE. L, 5l
X Z EEET— R COMBENEESNTEZ—F, EBEOE
s CORHER B AL LT3 7e) 7=, | T BSCCO 7
A TA MBS BT, BIIRBIOVERE O A T CTOH
B TOZ DGR ERER A T-OTHRIELIZ.

2. EBRAE

TATA N L ERHLIZLRT IO T A AR LT
REETHOZDOLREBRTEARWZD, T — RO MmHlEE
T DOBERRE L. 2O —RAN T OV TR BEDRES
RS EH72, 8 15mm (t=1.5 mm) OIEVIZBED S 7=
MR IEDFHTIEV T TWADIE, 45T DLz, EfiHD
WIEBIED B B 2 720N T2 ThA. 7272, B AR T
7220 T, ARERC T 4T AV MRS ED O B 05
INTEARWRIERSHD. 2T, 74T A FEDVOMERD K
RIBEDMEN 20D, MR TR R AT D720 ThD. &
CCREMERIVIZLKT D20, 1o EfioRTERD, 7
AT A NDOBETNL LIS TR BRI TR B O I8
LTS, ZHUCED, #ERTMEEL T, O AoMEEE
SNSRI RDEEZLND.

K 212130 %, 45 80F 18 IR0 RO BB AR
T BETIE, 5IEE—RIZR->TW5HH3, BSCCO MRS
A EAZLE R HZ8C, EMECh XS AT EEL 225, ARTOS

Fig. 1 BSCCO filament on bending beam with

strain gauge.

Fig. 2 4 points bending jig and bending beam

i, K1O TSR T IICOT B =% T 4T A N
SYOEMEICEEVTTCTRY, ZOFH O RE WAL
1To7-.

3. RBRHRELUEE
4 KT 0. 1% T HOOT A a A L7222 b, FERBHMEE

ERNCTCTOTAHEZAMLARNLDOZ OGBS EITo 7.

X 2 [ZEMED 0. 3% A L& X DBERTEEZRT. A
MHE, EAEFHTHD. BETIIAIHLWVN, ETER
FIfHE T, 0 EXNS L HICENAERT S L 5 IS
HEETDHERTE 2. JEME M LA ER SN TEY,
TABROTENEZHOFEEELH 5.

FEREICX 4TI, BIETO0. 5% 2 AR L7- & & DBlEE
HAZm7,9., 22T, BifE —Rkoofbd 25 & AP MERL
SHENOT, FHFICHBIRE AN TV D, BRI
Ly, ZEMEOMBG O X DI XA HERE LT
FELTND I ENHERTET-.

4. F&6H
SIIEE— FTIXZEEMOHE TR TE 2. EMT
TEY ERD LS ICHEINETRT D L) ICHkET DT
DR CTE 7. ERPSEE CIII AR TE 57208 L
RN, FERRFZ R Ie kT 5 & E AN R 2T < W
RSB, S%OMEE LT, Af{bL TAHARLT LT
W& 720,

L]

Fig.3 Surface image at compressive 0.3% strain.

Fig. 4 Surface image at tensile 0.5% strain.
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Finite element analysis in lateral compression of Nb,Sn

Jrill FER CRIFIRS: BE), MR ERAR (KRR, B REnd (KEK) ; 48 B AL RKEE44H01)
KATAYAMA Shota (Daido univ.), MACHIYA Shutaro (Daido univ.); SUGANO Michinaka (KEK);
AWA]JI Satosi (Tohoku univ.)

E-mail: dmm2303@stumail.daido—it.ac.jp

1. FUsIC

R £ A S5 T B UPZERE B (CERN) 12 B 1F 5 KT N B o
>R E# g% (Large Hadron Collider, LHC) s %5 12
i & 1 2 HEEGA DR 23 NbTi 2> 5 Nb,Sn &k
LD DEHI NS, Zal&ISH Tl Nb.Sn 122D
Jeb b n 3 faEED E N,

Lo L., BEEERGD A VIS TV 3 H-IE
A IIRET D & O 18 L VBRI DB NS JaA
FNTHEY . Nb,Sn Hitf DM DUESHETH B,

FEERIIC IR ISR % BT 3 2 AR E SN T
WBY, IEHETOREICOWTOERIIHEY INT
Zhdol, I CHREREE A, BT HERE
TR OIS DB Z BT 5 2 Lk D, JBHEFD
MEDOEEZ1TI
2. EEEAE

AaloEECIX, FHaiic KEK offifd & #1172 Nb,Sn ##
M DEE %5312 solidworks 12 & Y 2D-FEM € F L%
ER L7, B 1 ICAEIT LAy > 22T VER
T, Mo EHoOREABEREIETH D THIANCEN 25
ZUCHERMENT & L 72, RENTTIZ, Z ORIED R D 72 8
ETNDETOEMIBOI~H ST D7 7 v MBERIT
TWw5,

£ 1 ARl L 2T VoYM E X O54%
Y,

REBRDIEHTTlE 2 DDEME T SN 2T > T %,

Stk 1 AT IS R % DVHEHIENL I X 2 HEAE 1 % fis
2V 7256 DFFHT,

&fE 2 BT NOERST NG 727 T v MO~ L
2250 UEHZEAIC X 2 M 2 S s 12 58 o
Wxfriz o7z, Board

Nb barrier
R

Cu-Sn
Fig 1. Mesh model
TABLE I

R angle

Physical properties and analysis conditions of the model used

L

Dimensions L

3. ERERELUER

Gt 1 OfEFTRERZK 2 128 T,

Cu-Sn #® Von-Mises (2 X 2 5076 % il § 5 & .
AR BRZ VLI Cu-Sn FHIC D BB E L o
TWw3 XkIHICHZ B,

eic X 2ESESIOFERZEAIUE, A R E2RKEL
252 LT, BEEEHOWRE T2 L23TE 5.

L2LARERELTHIZET Y —HIIF)IGSIEH
WHZFICASND LI Ik D,

Gt 2 OfETiER 2K 3 IR,

Cu-Sn DA% KT 2 L. LOfEI/NS 7%
BIEEIBHOMEINE L EoTWwBEIITHRAB,

L& LGt 2 bl RANE I & 2 @bt ofEiks
BFE L C7e7z 8, TR RDNIES T dH 5 D> DHER DM
Fiidh 5,

4. F&H

1 OFSRE D, MBI % 2T 2 HAICIEA R
ZRELT 2L CHBIBERNDIGIIC L 2582V
(TBHENTELEEZS,

SHBDIBE L LT, Solidworks 12 & 2 BsHEMATAS 2
N ETE WA, Ansys % Ls-Dyna % i Ufight
ZEEL 72\,

Solidworks 12 & 2 T3 A[EE ChHIUE, 797 4+ —F
%1 Nb,Sn DE 7L 2B LIBHT 21772 2> T E 7240,

(a)
Fig 2. Analysis results of Von Mises stress
distribution according to condition 1.(a)Stress
distribution at £=0.02.(b) Stress distribution
at #=0.06.

Bronze Nb barrier Cu-Sn
Dimensions[mm] ¢ 0.81 ¢ 0.60 ¢ 0.58
Elastic modulus|GPa] 110 110 110
Poisson’ratio 0.37 0.37 0.33
Yield stress[MPa] 259 259 110
Board model
Properties Rigid body
Dimensions[mm] 0.81wx0.30t 0.30wx0.30t (a) (b)
Imposed displacement 0.001mm 0.0001mm Fig 3. Analysis results of Von Mises stress
R angle[mm] 0.02 0.03 0.04 0.05 | 0.06 distribution according to condition 2.(a)Stress
Dimensions Z{mm] 0.114 0.098 0.080 0.057 distribution at L=0.114.(b) Stress distribution
at L=0.080.
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Countermeasure for wire breakages in HTS coil for wireless power transmission system
—Current distribution characteristics in the HTS coil at wire breakage—
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KOMODA Haruki, INOUE Ryota, UEDA Hiroshi, KIM SeokBeom (Okayama Univ.)
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Fp /XU H Con (FEL FOXTREGEND,

1

Cyg =——mm— (€Y
st wo,(sp)—szlq

1 1 4M*wg (spy-s?

LiRE
21\/cp1¢0o,(sp)—s2 )
ZIT, wo spy-siE, (SP)-SHRUTHITHIRA AL, L,
IZIRPIZANVOE A ZIZ A, MISHEAL XI5 R,
Ny ZIRAAA NV DB EE, Nepy 1317 —2 BT D — [
Xy U H DR, RL IRk MloATHEI THD, 22T, LRM
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Table.1 Specifications of HTS coil for wire breakage

Resonance frequency of the (SP)-S type f, sp)-s (Hz) | 4800
Outer diameter D, (mm) i 410
Inner diameter D;, (mm) E 47
Radial gap g, (mm) ' 4.8
Self-inductances L; (uH) 1 246.6
Number of turns N, ' 37
Number of resonance capacitors between turns (per tum) 3
Resonance capacitor between turns Cppq (RF) : 2.6
Series capacitances Cs; (uF) L 446
tan 8c5; @293 K [2] 0.0003
tan §.pn1 @77 K [2] ¢+ 0.0004
Wiring(interconnect) resistances r; (mQ) ) 2.5

|Zin| (Q)

5
10 Normal condition
104 - - = - One wire breakage point ‘_
------------ Three wire breakage points

103
102 F
10t f
1

fospy *4670 5937, 7912 Hz
1 1

107t
-2

1000 10000
Frequency (Hz)

Fig.1 The calculated input impedance of HTS coils with and
without wire breakage as a function of frequency.

(a) Normal condition

Wire breakage points

0 5 10 15 20 25
Circumferential current |I;] (A)
(b) One wire
breakage point

(c) Three wire
breakage points

Fig.2 The calculated current distribution properties of HTS coils
with and without wire breakage on the PEEC model.

SEXH
[1]R. Inoue, et al., I[EEE Trans. Appl. Supercond., vol. 34, no. 3, pp. 1-
5

[2] M. -J. Pan, Cryogenics, vol. 45, no. 6, pp. 463-467, Jun. 2005
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Countermeasure for wire breakages in HTS coil for wireless power transmission system

—Electric power transmission characteristics of the WPT system using the HTS coil at wire breakage—
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INOUE Ryota, KOMODA Haruki, UEDA Hiroshi, KIM SeokBeom (Okayama Univ.)
E-mail: ryota.inoue@okayama—u.ac.jp
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[1125E 27, 7235, PEECET MITJE H MI26045EI L7,
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Secondary coil
(Copper coil)

Fig.1 Schematic drawing of the PEEC model for the WPT
system using the proposed HTS coil ((SP)-S type).

Table.1 Specifications of the 1 kW-class WPT system
for the (SP)-S and the S-S types

' (SP)-S type ' S-S type [1]
Outer diameter D, (mm) ' 410
Inner diameter Dj, (mm) i 47
Radial gap g (mm) 1 4.8
Self-inductances L, L, (uH) 246.6,242.7
Mutual Inductance M (uH) \ 125.8
Load resistance Ry (Q) i 9
Number of turns Ny, N, | 37,37
Series capacitances Cy;, Cs, (UF) 4.46,6.16 4.46,4.53
Capacitor between turns Cpyi (UF) 2.6 | -
1000 g gAML

) o S5, xXXxXXXTXXxXXX
z Fooms = 4800 Hm o008 0 B0y ™
B 100 b7 sme = 9847 % oK N "~-*.‘. 1088nn,
z P 2 8888ea. -
a s ' R p—ﬁ,_(m_s =6362 Hz «f, spys = 8829 Hz
® fi_s.s = 4800 HW"‘X U srs =9842% |y opys = 9810 %
'§ 10 Mss = 98'48\A] H ® Normal Iconcliticm (S-S type) )
|51 ' O Normal condition ((SP)-S type))
& ' 4 One wire breakage point ((SP)-S type))

x Three wire breakage points ((SP)-S type))
Ll L L M

2000 3000 4000 5000 6000 7000 8000 9000 10000
Frequency (Hz)

Fig.2 Calculated results of the receiving power in the (SP)-S
type and S-S type as a function of frequency.

1

Fig.3 Calculated results of current distribution of the (SP)-S type
with three wire breakage points at a receiving power of 1 kW.

SE XK
1.  R. Inoue, et al., /EEFE Trans. Appl. Supercond., vol. 34,
no. 3, (2024) pp. 1-5, doi: 10.1109/TASC.2024.3354669.
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Power transmission efficiency by arrangement of ferrite plate

in superconducting wireless power transmission system for EVs
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Table.1 Specifications of the WPT system
using HTS and Cu coils

Type A | Type B | Type C
Outer diameter (mm) 400
Inner diameter (mm) 50
Airgap (mm) 50
Load resistance (Q) 2-60
Resonance frequency (Hz) 4852 5020 4872
Coupling coefficient 0.485 0.531 0.529
Pri Wire type REBCO
“crgfl‘ry Self-inductance L1(uH) 232 297 255
Capacitor C1(uF) 4.50 3.60 4.05
Wire type Copper litz wire
S“:;‘liary Self-inductance La(uH) 236 248 394
Capacitor C2(uF) 4.50 4.05 2.55
Cu coil N Cu coil o
ot o L
[_HiScl ] [ I MiScol ] -
A 1qui 30min
liquid nitrogen nifrogen me=mmmmmmmmmere=—cc 4
styrofoam styrofoam
Ferrite
(a) Type A reic. (D) Type B
Cu coil N
T Styg?\s;m T 5 0 %,m
HTS coil
liquid nitrogen
styrofoam
(c) Type C

Fig.1 Cross-sectional view illustrating the WPT system with
HTS and Cu coils, and the position of the ferrite cores.
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I3) £ © ype
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10_6§ o 4 Type C
1077
1 10 100

Transport current [A ]
Fig.2 The measured AC losses in HTS coil with (Type B,
Type C) and without (Type A) ferrite cores.
99
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Fig.3 Experimental results of transmission efficiency in

Types A, B, and C as a function of load resistance.

S XHk
[1] R. Inoue, et al., [EEE Trans. Appl. Supercond., vol. 34,
no. 3, pp. 1-5
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A Large Air—Gap Electric Resonance Coupling Wireless Power Transfer System

Using High Quality Factor Superconducting Resonators
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Research and development of bulk superconductivity

—Recent research and development at RTRI—
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Fig.1 Research and development of bulk superconductivity in
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GABCO+0.5wt% CeOu+1.0wt% BaOy+10wth Ag,O &725 k5%
BLIEH% . AT UL AER— A INAT T L THW TR —L
SV IR A ZAT o723, R—L VB Oy R R
DIDIZAT TV, 7 VAR O TR K b 4] D 72 b
WZT DI B —FE5e AL AUy 72 KC-1700P) %
WL, R—=NINARICIERIETT o7, BB SRAFHENLDT- |
AT T VAR S H— 1T U TEVI T TG-DTA 217572,

Ag-GdBCO »NLZ71% EREERI K% 7 L AR LT T8y
EHWTRGH T TSMG EIZIVERIL, Boiiz vy
1% 350°C-150 h OEEE E(LALEL AT 72,

VERLL 72V 7 03 e 5 v i I 35 BEIE IS KV B AT T,
Hall 3% H W TR 2 E LTz, 72 v 2780 H
L=/ rakBba O C SQUID R G HZ AR LI E A 1TV,
JATYEER Y — T VR W TR L,

3. WEREER

Fig. W&k A /MEAg-GABCO¥ K& W =M R DS
BT RLEAT o TRV AR W R (A T V2 F
Wy RGBS AL, R— L% ORI p mbl FCho
T2 EMD | R K 0D B RN A F PN B D 7% BE 22 SR D LA
JEIMBEDOIR T IZEAEE LRl IZLsb0lBFZ 20D,
— 05 &R AT T A RIS 10~%0100 p m&ERELT
7720 JER R Al IR AE L o7z,

Wi, /N ER A% 500°CE TP -<DINBLBIIE AT T
o7& A, BRI A O RHR(BLIEFI AV D R Sz,
— R BRAS B AU LB RE I 23 AT A T R EIC L AL D TH
L7280 BN DT 24T o7, Fig.2 ITEAIAT T
VRTINS — AgO DENGHTHRE R AT, T 7Y
IS B =D FUSTEVG R T | 250 CAIENBREAL
350°C THOfEIE T Lim, AT TULBRITHT 60°C AT U TRitfi%
L72%% . 200~300 CIZEB W TRBER S Z R L2, AgO 1
130°C~380°C T 2Ag0—4Ag+0y DESRINFEA DL
DEHI TS, LU EDORIENSAT 71 B OBRBESOGH
AgoO DEIIRCRA LB I LV IEE S L= rTRENE B |
JEBANES CTEVREEDN AL, BAELEKEDOTATHE
FEINDNRAELTZEEZ DD, T THANS AgO ZyfRSH
TSR BIEETT o722 A BUIREINUIIEE LT,
ZD7= Ag-GdBCO MyRDIERL BAGIZIWTIL, BiAEE

IO AgeO Z 0 RSET Ag ICL CTRLZENEET
HD,

I TIIEONT Ag-GdBCO 2SIV DR Hr i L OF
HTHRET D,

(a) Without Granulation (b) With Granulation

Fig.1 Appearance of green compact when using Ag—~GdBCO
powder with/without granulation.

Fig.2 TG-DTA curves of (a)Acrylic binder KC-1700P,
(b)Stearic Acid, and (c)Ag.O.
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(2023) 6800405
S. Nariki et al., Physica C 463—-465 (2007) 308
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Misfit angles and superconducting properties of REBCO melt-textured bulks
prepared by the SDMG method
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1. [ZC&HIZ

REBa:CusO, (REBCO, RE : 7 T4 70 3 )| KA 2 21
771K ZZHEN T2 AL, @S FIZBWThHEW &R
7+, REBCO VA FREEE /3L 27 1 XN ER 4 J8 [l 5 kA BRI
X0 KA EHBZD @SSO A TEETH Y .
Bz A E LT, B—4—H E NMR 72 E~D )5 A
DHFRF SN TWD[1], 1ERT 2307 10 Gl dbiE L (Te)
Dy REBCO Z VW30 7 ZFf B O T ik
£ &% Single-Direction Melt Growth (SDMG) 1%, FiE
T 5L BNE—OFERRERIE G700 BT O
A RNE D THEREM CHE 2V ERRBARETH 5
[2][3]. SDMG i:% H W= FEEER O A X% L\ 2 KR
2NV OFERITFE & UL B O IR % R e < S
HHENEZ BNDD, MERE O ITALO S A7 ¢
v ML K o THRIRER OS2 < rTaeEn H 5,
CORERMIM DI AT 4 v M LRI Jo O BRIX
REBCO mbE°Z ¥ vy /LEBEIcB Tl k<mbhnTwn
5[4l TNETHX I 2 HOEERE AW =227 U R
% )L SDMG 1% YBCO A flEEE /S L 7 1238\ T, Fig. 112
R LI, AT 4y MAOEEKITEVRIR J. 2R
BRI T 52 L2 LCx7-, ZORFENICBIT D
Je DX TFITEROFAT & I A7 4 v MAOEHFITERT S
TREME D B > 727280 . A ENTERDRATIC & D 8% 5 <
Z L TCIRRNEEE SV 7 I B AAREICI AT 4 M
DBE R IC 3 JIE B OMA 2R T,

2. KB A%

Y203,BaCO3,Cu0 % HHFJFAERE L, Y123:Y211 2% 7 %f 3
DFNE 72D X DITIRA, ek L7oBRIZ, Y211 8T H
P OREAE D T2 DI CeOr & 0.5Wt%AsIN L 7=, Z ORIER
HE K% 100 MPa O —Hil 7L A2 50— 16 mm O FE
PRAZARL Y ML | 7SV 7 DFEEA LD T2 8 FLIRE [ O SRR
AT 72, VT Fig. 2 \ORT X IIEEDI AT 4 v
k46 % -1} 7= 2 o> EuBCO flF:H_F 12 YBCO RifBR{IA~
Ly hEEE, 100 h ORGIETEZ 5 TeiaREERE 21T
ST, FFDAVTIRENEERE V7 BRI B E 0 L7
#%. Y/Ba [HVEZ RS20 24 7208 T R R CRANT
== VELTO, I RIS O ZIEH, 400°C TORREM O
7 ==X U T R —RAEE G L7, (ERIL 7= 50k}
DOFEFEIANE 6T XRD IZEDHNIAT v My DFE
24T 72 BE R ENEIC RO BRI IR ZEHEE T
2R W T L7 R OISR D A T~
3 fERLER

Fig. 312 0.8-14.2°DIART 4w MAZH T HERMERM/ A2
YRH )L YBCO ¥aEREERE VT ORHERG AT R, A
T4 M T3°LLT ClEs v IV — 7 OGS A
ZeoR L7, 9.4°LL B CITRLAE © o240 L, RD R
FSCOBMBEDIK TN RENTZ, ZDOIZ L HIRMR
MOLETIE 77 K, KBS FIZBIF 5 I 27 0 v MR
T R~SRRE TH VD . BEM OFEIAR & FH 7o KA
V7 OFERNZ T T, BT 2RO I X7 1 v
NN ZDOEMZ2TTZENMETHD EfmTE D,
B TII NS T DI AT 4y N R OB R
WZOWTHHETLHTFETH S,

L ——
YBCO melt textured bulks ;5 E
+Ce0,05wit% *
08} +AgO10w% 40K T
‘@‘ —
So6t
- -
b —
304t
£
T
° a2} =5
e e =
Pt toH (y)=05T
) A = =]

00 5 10 15 20 25 30 35 40 45
Misfit angle &/ degree
Fig. 1. Relationship between in-plane misfit angle dand
Jeinter/ Jintra for SDMG-YBCO bulks prepared on
two seed plates.

Fig. 2. Schematic illustration of the SDMG-processed
rectangular YBCO bulk grown on two EuBCO seed
plates with an in-plane misfit angle of 6.

Fig. 3. Trapped field distributions at 77 K of YBCO melt-
textured bulk prepared on two seed plates with various
misfit angles 6.
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[1] T. Nakamura et al., J. Magn. Reson. 259 (2015) 68.
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Field enhancement using soft magnetic material for bulk HTS undulator
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1. [ZC&HIZ
AL CId, NSRS RE AN T vV al

—ZDOFFMIT AT TR FER R HEEL THRY, JAH 10 mm,

ARG 4 mm T 2.22 T ORLJE H] w5k 2 B w5 0 £ Bl
ZEFEL WD, Sy A M bz B 5L @i
FERRBEMEM B2 VO E B 7 mm BE Y12 mm OS54 CTRSE
A RRBR AT 70, TEEMEAM B O iR L ~ L& 2 7
FIRIZ BV TH IR KT 15% R ORI RN EHI,

2. NIVORBIZERERTUDaL—4

T SRR CrE, R RRAE B O B -2 — 2% JE
W5 CREA TS DT & TR & I A R o 1= e 24
L2 < OF T TND, BUTE £ S O R IR A AR
EE (T oV a2l —) (TR AV LR AKAA THERSL T
B0, VRN — A R A X —THOEE O E AR TE
DI, MR D« ) — AR Fa gk /NI
DB AME B =R ICRESERTDZEN IR TED,
AV DR DVERER R 2B A T RS R R T 5
72U, MBAREEERI | mHEIK AR T e & OBRR DA
TWDED, Fx I VT RBBEEERICER L RO V=
L — X R UB R EHT CE72[1,2,3], RFric, A HAHER
LW SN TRBAREAR O R B EIL 10 K T 10 kA/mm?
(CEEL, ERABGERM OZIUCHE T 10 FRERL, X
B2 HHE CREBI R N RYL /TS S TIRF I
T T D, ZIETIT, 7V 7 BGE R CHEL TRy
PEREIXEIH 10 mm, BEARMIRE 4 mm 128\ T 2.22 T T, K
DA B RN SOITHRBE R B LA B R Tt HINA T
U R KA T CRIFE AT HE2 L ~UL D B L% 31 DR 58
JELIp TN,

3. B M ER W =N1T YR

TR I ATL ARSI B DGERTFL T V2L —H T,

B FARE R FE O i W RBEMEA B2 IO AT Uy M 1 2
AT DT L CTRITHAE R IR < LT Stk TREREE I K
DRNRHIRBES IR E SN TN, # L7 BARER T

VAl —ZIIBWTHONAT Uy RO FIT I TE A3,
JE SRS R S N R A B D BRI R TR L~ L LI R 5 T

WA RO FE TRV~ L OBUE ORGEFIIN 52 &
Mo, HOREEOIRIIHFFTEXEL OO, TORED T
IR, 22T, ARHFFE I SERE I CHRBE A B2 O o
ATV NRGBRET L AEREEL | B AR EITHIZ &
TR RN R A FEBRAI R L7,

Fig. 1 ITBELETLVADEEZRT, TLADHERIX
25 mm, 2RI LF 80 mm T, HEH-H 2D/ L 7BIRE R
WX E & 25mm £720F 5.0mm o B A &gk R
QMG®GdBaCuO ., QMG®DyBaCuO, ¥ — h#f & L T
BB SR Lt AT VYRR ELTH N AR/ S — A4
YEP-2V®, BX O RFEEBR D= D IERMRBR L TE
SN LA Tz, TUAERRERR T 2V 7R B LD
BRRBEPEA BE O W X W T b R T HE: PR L BE3G s
HIHFE OSSR 5| BRI Y L JARIZEY 5 2 2905
A% 53 % RGN E BB C D RE AR AR I KV ELE Ao zaB
THEBEIEM NI T~ CRtmBdE s LTz,

Fig. 1 Photograph of bulk HTS array a: hybrid b: brass
c—left: brass c-right: hvbrid

4. HISEEHR
Fig. 1 (a)(b) OEM 12 mm D7 LA TOE BB R
FOC)DEH 7 mm OFT LA DEEH LB OE— 2

R38R E D % Fig. 2 1R,
1.5 . i

) T T Y T ¥ T

g - ® 10K 20TFC Period 12mm

g 14F A 10K 60TFC Period 12mm

= - ® 19K 6.0TFC Period Tmm

o 13 mmg @

E - m = g »

o L.2F

g [ A = -
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o 1 I | 1l 1
0 3 6 9 12

ABIT]
Fig. 2 Field enhancement by soft magnetic material
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AWFZEILISPSEMITE; . JP22H03870 (23K25124) DB % %
ZHTb iz, o, RE K PR L SR IRY E
BRSPS LD R~V DO AR AR TLZ, 2212
BatoBERLET,
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1. T. Kii, et al.: Proc. FEL2006 (2006) p. 653
2. foH: e NEEEE Vol.20 (2023) p. 10
3. T. Kii: Proc. FLS2023 (2023) p. 224
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Influence of Applied Field Distribution on Trapped Field Characteristics
in Pulsed—field Magnetization of REBCO Bulk Magnets
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1. [FL®IZ

REBCO /LT DFERETTIEDH 63V A g ki (PFM)
X, AP AMEBWTHERE M TER TEAIEND, HEEIS
HIZBWTEMHMNZRFIETHD, ZIVETOWFIEIZENT,
BHRIBTRIC B W TEIED IR ER S DR AME AL, Hifk
DEOER TS NDZER D> TND, LnL, TFED
REHER TR OM Rk, BBt oB—Exnm ELCRY,
R DS NAUZTR )72l A L7020 2 273, PEM CIXiRuv
Ry — VNI IV R AR A ST DT ENE L <72 o
TW5, ZHBIE, PEM OFICHWAIREkI— 271 L, #
DR EEE T HETHEBRFE M LSELIEERFLT
WD ARSUITHRERT — 7 OISR TIZLY, AR E DX
NZEACT B0, FASZ OEIUMBES A DS TR R Rt I
ED I BT W THUBE T IC LS5,

2. EBRAE

Fig. 1 (2728 R Y 53— 2L L 7ROk i
FREBES (GSB) K O fh il R8I (GSR) & DELE O BtR %
R, FEBRIT ¢ 60X 20 mm O GABCO L7k (B ASgk
B ZHV, 30 HT50 K IZRWT 3.6~5.8 T O/ ILVARES
(37 _EFERE 10 ms, 2L AR 100 ms) ZEIINL7Z, BT o
TR T S DR RS B R ONEE ORI LA E DL

HIZ, Bk, BBR OB AIBESMERIE Lz, I5IZ,
FORUT =2 Mo RER R B L, Fiz, BRBREFIC
SR CHEUE AT AT o T2,

3. BWRRUEBR

Fig. 212 30 K IZ31F DA i, R OE— D HA S Y
720 DRaRE R B O FINBEIG R A EZ R T, MR B O g
T Y FRIF—7OBEA CHERIE — /IR 125K
TREEIRSTRY, F-HAMES SO R TIXR K 68%K
X fEE IR oT,

Fig. 3 1243 —2% A\ =0BE0D— IR TTRE B B3 A DB
RAZ AR, BEBEIINE 50 ms (2B W THREEDHLER/y &
TRy TRERER E D K EXE T 5L, 7uaxllg—sT
24.4%, J\JBRIT 15.8%, Y THIT 30.6%0D =L/ o77,

4. £&H
AT e, @R, Yy FRE—7% T GABCO /3
NI RE 7 OV AFRBEUT- B ORBOR B A gL, Y FhRlg—
U CHEMNENELIRDTEu MR LTz, FTe, BUEMATIZEY
FH— 0% TR O EVINRHESS 3 AT % AR L L7z, #Rgko
BDHERSY LIRS THINBE S O REEN R ->TEY, Zh
DRI R IR B 5.2 QD RTREME A R LT,

GSR GSB

Cross Cross eight-legs Y
(GSB) (GSR) (B2Rl) (BIR2)
Fig. 1. Arrangements of soft—iron yokes with different
geometries
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Fig. 2. Comparison of total magnetic flux and total magnetic
flux per unit weight between yokes with different geometries
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Preparation of RE123 thin films with various rare earth elements
on IBAD substrates by FF-MOD method
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1. #E

RE123 JEMHRA 13m0 O35 P G B AR 2 AR Lol
WG F AL NV EA~DOIEAPED LI TNDN, FH2ARNT
HDHZEDWE L EHIBRL T2, RE123 FEIEHRES O $i 5 1%
D— DI ET BB ATE B L 2R 5 72 A a8
EATENY fE(MOD)IE DT A, 720 Th i Sl R 03 il <0
DA CHE BRI BE R LV RN 23 AT 72 7 v 52 7 U —MOD
(FF-MOD)iEIT b K a AN CEEIZE L TWD[1], E5I
FEHA IR P IZE D Cl 29 252ET 2 #ifidrmL7z

BaxCu304Cla (Ba2342) i 54753 RE123 KV e ICk =4 5720,

RE123 @ 2 filiBe il AL sl St SRR 32 L &H1T, Te AMK
T4 BIERL J N\ LT HIEERHLTWD[2], S6Iz, &
ALV O R BT E 35 FF-MOD k& R
FENBGEICHER L TWB[3], AL T, B bW DD
SREL 7= FUBHA IR & FHV . FF-MOD VEIZ AR 2 7075 T J5%
JH = RE123 FEIBEO B R BT E D M) Easl AT,

2. EBRAE

HSARLAE RE :Ba: Cu: Cl=1:2:3:0.1 (RE=Y, Gd,
Ho, EnDJFUBHANRA VT, 2 Bl [ CeO: JE 2R I
% IBAD R R, A a—NMEICKDSIREBATL | Hoke
BIARBE LTz, ZOWAT LA SEZ 3 [MIREDIK U714 | B & 7ade
PECARBERATV AR IR T = — LI Z K0 g 3 f - il
L7z, EBIT, 26D TREZ MK AT OB BEREIC Y
JENE A3 A7, RE123 WO AR 1L 8B4 % 3 [mlfT->
72 3 B THKI 0.45 pm ThHD, 1572 EHIXTL T XRD (2

LA AR G SR PE ORI, SEM IZ R DAL AR 22517\

FEIRIC LR E R R TSR D L i~

3. MERLER

B % 2R BER S i CHERLL 72 3 ] 0D Ho 123 il 3% XRD
Y =% Fig, LIRS, WT DB SEFIZB WD TH SN
00/ B =23 b, ¢ SRR L7= Hol23 WIS AR 3228
ZHEFR LT~ Fig. 2 |2 Pox =10 Pa, 740°C, 1 h DBER S TR
#L7- Hol23 WO &K B T84 RrT, b ockm
WK DTFAET HH OO I e R %A Dy
MPIEHIT,

Fig. 3 |2 IBAD Ml FI1Z 3 D Y123 @A fFiL, 2o
1T G123 FilEA Rl R & BRI KO R R LA D
TZIBFETO XRD /¥ —2 %R, SR BT DRERSRAT:
ZHIHT 228 TEOEE R IE A HERE L2 3D IEIE OB N AR
I, ~0.9 pm JE 0D Gd123/Y 123 s 35 vk AT 2 7 oD [
FUZHTN 180 A em! (77 K, ~0 T)D I ZFLék L7z,

SEECIX CL SN Hol23 %, Er123 RO AME kS
b, B L7 Gd123 HEIEOFELWIIEIZ DWW TS
T %,

P

[11Y. Ishiwata et al., IEEE Trans. Appl. Supercond. 23 (2013)
7500804.

[2] T. Motoki et al., Supercond. Sci. Technol. 27 (2014) 095017.

[3]1T. Yoshihara et al., IEEE Trans. Appl. Supercond. 33 (2023)
6600205.

Fig. 1. XRD patterns of FF-MOD processed Ho123 thin films
prepared under various sintering conditions.

Fig. 2. Secondary electron image of the surface of
Ho123 thin film.

Fig. 3. XRD patterns of FF-MOD processed
Gd123/Y 123 thin films with increased thicknesses.
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Trapped and focused magnetic field properties of MgB, ring bulks

fabricated by premix—infiltration method
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1. [XC®HIC

BENDOLT T —AT7V—T2 M ChD MgB, HBmERIZ
1895 G ORIEN <, 28 db IR T I H T RE R iR SR AE i
JE . AD, DT80 | T HIERLN R B 1 G i SV o
RIZT AT MGG AL S A TN TED, ZHUTINA T,
FESREE 7073 39 K ERHZBY @2 EMD | MeBy KRR K
IR (20 K) FFTIZ30) T, BEARIEE 5 (MRID) <, BERZA
FEnE (NMR) 2 & 72 &~ D5 ARSI TS, MgB, 2L
I OIERLED — D> THAHIRBIEIL, @BWVIARNDNNDE T
TEEAZ VRS EFERO MgB, SV 2 ERIT 5280
TELEWVIFIERSHD, —J7 T, MgBy 7SI IR 12K
NAECTLEIMENS LM, B RIZ MgBy By Ra{LiAte
premix {E[1ZHWHZETRIBEARIRTDHIENTED, T2
T ARBFFETIL, premix—1Zi51ECTRIDY 773 7 % (ERL
L. Z OIS B8 L O s — VR E AT~ T, RS
AT, AUy M LA LA R ED OF Tt 775,

2. EBRAE

JEUEHSY RITIET B 7 7 A B 50K (IS 99%, Kift 46 pm
PLF) . Mg ¥yoR GRS 99.5%, Kifk 180 um) BX Y, in-situ
HEIZED 700°C-6 h OEGLIRGAETIERL 72 MgB., By A%
W2, £, Mg, B MgBy A 0.77:1.4:0.3 DFE/LELTHEL,
B & MgB, Z#HEFLEkT 30 /MRA LIz, IREIE. NEE 40
mm., A% 60 mm @ SUS 5 7 LB A%, —lili 7L A
FoTERL, 2D EIZ Mg By RZEELELT-, TD%, Mg @
AL Z 5 72012 Ar RSO u—T Ry 7 AN THEEL,
L ERIR 7 2IF12TC 800°C-12 h O CRMLIRE1 T o7,
FAALERTS | FEARIN TV AME 60 mm, NS 40 mm, &S 10
mm (2R LT,

PEBIL 7=V 740 X BREIHTHIE (XRD) W do Tt il i
Z[RIE LT, flHE 13 20 K, ETATRGY; 3 T O & TrédE
WMAEIERE (FCM) 217, 2SO FR EH HH LB LR T Hls
2= aflE L CRIEEIT o7, By — VR B X
OB E R Y o CEERE FTmeL, HfEo
FODE 6 LA TICRIG 2 I 2, AR T HHLCO & AT 5
FHELTZ,

3. EEHER

Fig. 1 IZ/ERIL7= MgB, Uo7 3)v7 D XRD /R4 — &R
I, EFAIE MgB, THY, RHiE Mg, MgO DHTH-77,
ZDZEMB, 800°C-12 h OFLERIZHB\W T, HOUDA
ATE MgBy DA FRITHEE TOVRNWES 25,

Fig.2 12V 7 /37 DR LI L ORT O TOHiE
R OIR BRI A 7R T, 20 K 1B AR I = m
FLT 123 T, ART7HLT 1.32 T Thoto, ZOfHEIL,
prepremix CTYERIL7= MgB, Vo737 (i & 15 mm) [2]180
0.3 T EVMETH 7=,

Fig.3 12 20, 25,30 K TORT H.LIZHIFS Shielding
Factor (SFs) O AN TF A9, T = 20 K T,
1t oHuppr = 0.1 TIZHWT SFs = 6.5 Z/RLTz, TAIME
0.33 DIV TORGG MM R A R TET2), K
IZBUWTH SFs 2V hSWNEWofERIZ -7,

AT, B V2128800 % SFs ORTARRC ., #5555 Ak

PECOWTHHET DT ETHD,

T
t ¢ Mgo
| P o Mg |
’3:‘ L i
&
2 A o A A
2]
E bottom s
- _
8 ofe & F EFE R T
20 30 40 50 60 70 80 90
26 (deg.)

Fig.1 XRD patterns of MgB, ring bulk.
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Fig.2 Temperature dependence of trapped

magnetic field at center and surface positions in
the bore of MgB; ring bulk.
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Fig.3 Magnetic field dependence of shielding

factors at 20, 25, 30 K.
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Effects of impurity reduction using acid in the synthesis of MgB, bulks

sl B, ook BAL Nl E— (F

IWASAKI Hibiki, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.);

1. #%&

MgB2 134 B RS ER DO T Tl m DR SUREE Te~39 K
EH LU ALFEICRE TERBRPES . D> OJF BN R %
iCHHIEND RENIT 7Y —O W HEEA ENC LD

W - L 7 PERL (3)
FR); RA thth, Bkt B, AE RS O —0K)
SUEMOTO Yuya, AKIIKE Ryo, MESUDA Masami (Tosoh Corporation)
E-mail: ¢5623056@aoyama.jp
MgB, precursor index : MgB,
Mg:B=1:2 v : Mg
850°C, 6 h, 1.5 GPa & 1 Mgo
in-situ method, New B WS

10-20 K fHETo RS T5, LnL, MgB: 1364

LOHERELBICEENEREE J. DRI T T2/ EN
B, TN YEETEILERE & S fiEEE MR 72 & IR E7205
AN FTREIC /2%, MgBa MAELORES T Je DEEITIE MgB2 D
H‘Efotl:"/w/? BB — T DR FE O AL A 2072
fagto—>oTH D, MgB2 1T B Ok 7-PIIC Mg MERT 52
LIZE S TAERTHT L0, A2 D B By KD Sl HD
BIROD/NENEDTHDIZEMMZE MgBa fEdm 3 ERK LT
VBRI ENRM L3225 TS, LnL, 20k
72 B BIARIZEM CTHOMERE K OREEIZ /> TWD, 22T
ARFFETIL, Fox 3BAFEH D B IR V. SR B RE
MAH T2 MgB2 7V OFERA BEEL T, ZIVETITIE
FSRIELTBAR O By %E V2 MgB2 /L7 O /ERY
FEofgi ba HISL, 7V T B LR A LOFHK S
BER SR DR F A R T i B A s L7202, £ EIIL MgBa
ISV EEND A MgO, Mg DlEEHWREIZLD
(NS A Il b PRV oF e e
2. ERAE

MgB: Z5E ik L7 OFERIZIE MgBa fy K E B By R (7 /v
AL RIE~48 um B UIEBAFE H ORIE~100 nm)
DIRAB BRI Mg B R(1008)2>5DKABE-ITIEABD Mg &
PEHLSHE D Premix PICT $EHUELZ W, Zeds, BIZEH O B
7T FHE B L L TR/ S BB R AN K&
ZEMBIEFE G A B, I5IT AL Mn ZRE RO 4
BRI ZE A TND, REHERIOERIZIZI Mg : B : MgBa =
1.2 :2: 1 DFENALLERDIFIZNENDFEEH RERRL,
SUS316 % 1ZE A, ~1.5 GPa O HE—#h 7L 2% jiL ., S5
AHEEE N TEERR LT, Premix L72 MgB: ¥y RIZFEHT
BHZEH Bnew B)E Y in-situ 35 TERIL 7=, ZORTERAK
RIZ, BEMZTINEAT DL TR OB E R AT,
FABDFEIL XRD, #HIAEAR T SEM B122, B8 st
SQUID B&HFEH FIWZBEAVRIEIZ LRI L | Jo 1 3R b=
TUL AMEDSIEHE Bean £5 /L& HWTCE L,

3. BRLER

Fig. 11 in-situ V£ CIERIL 7= MgBa HIBRIAIS AR IZ DU Clig
ALPRR D XRD /3% —> DAL E 7R T, BRALERRTO RITERA
121X MgO & Mg DB =7 RO LAY, BRALERZIZIT T
LOE—IPHER LT, Fig. 2 \ZERALERAT & OB LR O/
BRI AR Z O CIRIC S TIERLL 72 Premix JEHUE MgB2
FILID N5 KATETD Je OB EEE R, BRLELL -
AR E WA ZE L 230 B2 mIcHY,| @i co
Je DUGEITFRE IR FE OB I DA HL0, Te DK
DINES T ZEPBRIDERIC LD ELE 2 BID, FEKT
VBB M B D Fr2 % B R BIERLL 7= MgBa BifBR
IZB T D% W =AM bREO RO TN HORIER
TR DAEBLL 72 50RO ORI A% & AR A5 R MR I 2 SV Th )
B35,

Fig. 1

Fig. 2

intensity (normalized)

after soaked in hot acid

001
- m
L—mc
101
- m
002
o
110 ;
102
M :

as synthesized

20 30 _ 40 50 60 70
26/ deg (Cu-K)
Powder XRD patterns of MgB: precursors synthesized
by in-situ method using new B powder, as-synthesized
and after soaked in hot acid.

7
107 1 : . .
Premix-PICT-Diffusion
10° MgB,, bulks
- Mg:B:MgB,=12:2:1 73
i 850°C, 12 h, 1.5 GPa
10° L |
10* L |
closed : as synthesized
open : after soaked in hot acid
10° |
102 15K , : | A
0 1 2 3 4 5

HIT

Je — H curves at 15 K of MgB2 bulks synthesized by
Premix-PICT-Diffusion method using MgB: precursors,
as-synthesized and soaked in hot acid.

S5

[1] H.

Iwasaki et al., Abstracts of CSSJ Conference, Vol.106

(2023) p.86.

[2] H.

Iwasaki et al., Abstracts of CSSJ Conference, Vol.107

(2024) p.88.
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Fabrication of K—doped Ba122 bulks by two—step spark plasma sintering

P K, K Rl A% FHEER, NUR RAHMAWATI Ayukaryana(FUs & T.K);
WS BHEOLR); A BPRCGROTE: LK)
ISHIWATA Shota, SHIMIZU Nodoka, MIZUTO Ichiro, NUR RAHMAWATI Ayukaryana(TUAT);
SHIMADA Yusuke(Kyushu Univ.); YAMAMOTO Akiyasu(TUAT)
E-mail: s230587z@st.go.tuat.ac.jp

1. [ZC®HIZ

FRRIRABZER[1]D | FiTHD BaFerAsa(Bal22)id
JTLHRE LI LVBEEDN R BT 5, Ba A hO—i% K T
Hal7- K K—7" Bal22 [T E WA (Te=38 K[2]) & L
B SR (Ho>50 TBN)ZFFD | 58T S5 ~D i H D3 HIAF
SN TNWD, Fex ITHE T 7 A~ BEf(SPS)ikE AV T K K —
7" Bal22 /LI EERIL, TU4 MRS AEEEL T, 1x10°
Alem? Z L[R2 S ETRE L) &2 57-[4,5], —F T.K F
—7" Bal22 TEXF T /LTI 109~107 A/em? O E W
k[é]ﬁx%&iéhﬂ\é AIFZETIE. & Jo 7SIV 2R AT
T-FRSH 2557012, 2 B SPS 15[7~91% AW T ¢ dilfid [
MR D T2 IV 2 ZAERLL | SPS Sk MAE R EE & Je ~

DA THM LT,

2. ERAE
Ar FH RO 0 — 7Ry 7 AN TH A MK
BaosKosFerAsy L2 DI ICHRE BEZFFEL, m=r/L¥—

BAT5HZET K K—7 Bal22 BilR{AZ/ERIL7-[4], T D%,

SPS 1250 ®10 mm D37 E{ERILTZ(1st step SPS)F .
®15 mm DT Ist step SPS LI &EEHL | B SPS 11T
FV D% (2nd step SPS), BaipZEVILHRE FE (HT)“C{’E
BIL7= S L7125l . XRD AT KO L B % | Ll E

FY J ZFEU=, BLEEEOFEMICIE XRD [mIFTE ~79§f“

MBI TROBND Lotgering Factor(LF)% AV 7z,
P —DPo

LF =— (€Y)
1—-po
_ 2 Iooon _ 2 loon
Yoy’ 2y

lo: ZRHARABI O =750, 1. V7RO — 758

3. fER

Fig.1 |Z 1 B&F SPS YETIERIL 72T LoD v 27 &
2 PEPE SPS JETIERIL 727317 (15 step SPS HT = 650°C, 2
step SPS HT = 800°C)?D /L7 [E D XRD [FIH/ 3% — %
IR, T AFRERE L L CHA B3 72 (00 B — 2 D HEER A
FRDHIV, 2 B SPS IEIZED ¢ L FEDS & F o7 2 DR
SNTe, LF 1% 0.80 THY, HWIEARK Bal22 7—7(LF =
0.36)[10]=° HIP % Bal22 5—7(LF = 0.46 ) [11]& b LT
HE ¢ BHEL A A R LT,

Fig2 (1 BB SPS 53178 2 B SPS k3 L(1s
step SPS HT = 650°C, 2" step SPS HT = 750°C)® Je DI
WS AENE 2 7R, 2 BEBE SPS V5L 7 ClE Je=2.12x10°
A/em? (0 T), 4.6x10* A/em? (3 T)MFHHL, HEkD 1 BE[ SPS
ESIVTD Je ~ 1x10° Alem? (0 T), ~ 2x10* A/em? (3 T)[4]&
FEEELCTHY 2 (5D CTdhoTe, Fiz, 2 Bl SPS /370
Je IREYS P COREMN LD/ NS FEBZ IR LTz, ~jifx SPS
GBS TERILIZBEHZ B W T LF & J. ORI
FZR L BIBIMRIT A DT MO ZERE J A5 A K iLTb\
DHTEDIRIBS LT,

Fig.1 X-ray diffraction patterns of the surfaces of the bulk
samples

Fig.2 External field dependence of the critical current density

4. F&&H

AWFFETIE, 2 BEpE SPS {EEZHWT K R—7" Bal22 7L
JaAERIL, SPS GEAS ¢ ShELmIMES Jo 1 K IE T R A SR
Uz, 8 L7- VLB 208 32 281280, LF = 0.80 &)
WERA AR LT, FT2. Je IV T3 U7z BB S5 12 10
e 1 B SPS {ELHEREL THI 2 150D Je H iRk LT,

SE Xk
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Direct fabrication of 60 mm class REBCO ring-shaped bulks by the Single-Direction Melt Growth

(SDMG) method

ok BRI, JEk TE, BIA K,

B, UK EH, T (FER)

MOTOKI Takanori, ENDO Jun, KUNIMOTO Keita, ASAKO Ryo, MATSUNAGAR Naoya, SHIMOYAMA Jun-ichi
(Aoyama Gakuin Univ.)
E-mail: motoki@phys.aoyama.ac.jp

1. [FLC&HIZ

REBCO JREEERE 2V 7 1350 2 e T & 572058 /)
BRER A & L TOISHBR ST 5, IR L
7138, Top-Seeded Melt Growth (TSMG) JEIZfREE S
L7900 FEICERE LR AR E LTIRIBIZE D
TRENEERE CHERR SN TR Y, 217 NMR JGHSICHE T 5
VU TR DSV 7 I E /AR O PRR SV 7 oL A
BRI T L TR ENTWS, THETHRX T, $E
— W OHHEREREDEIT U, SR B — i dh R AR
D5 70 DYSFIEEE SV 7 OB RS FIREZR Single-Direction
Melt Growth (SDMG) E% BA¥E Lis L C& 2, KFiE
X, 7SV BEREF I —ROTHICRE AR T2 729, R
HENZ Y » TTIRD K 5 72 2Eik ThH > T TSMG £
LRV EBEERNTETH D, 2 E T/ o SDMG
% DyBCO VU > 7 /73L 728\ T TSMG {EIZHE~THEWY
V2 TABES~1.8 T (77 K& #E LT\ AR Al 4%
60 mm 2 HKMOY 70y OEBEETRICETL
O THET 5,
2. ERAE

A A Skt S EuBCOVA GRS /N L 7 Z[001] 5 AL 3R .
HANZ2 D L5800 L7 % seed plate & L, £ Lk
[ZHME 80 mm, NEE 35 mm D U > ZIAIRIZERZ L 72 YBCO
T, BB D OB 1T > - ICF%E L, seed
plate OELEHIRELL T TR S &5 Z & T 7 2K
2 c-growth FEIRMN G225 KUY 7oLy ZEBEER L
7o 7235, YBCO RiBEAICIE, Y123+Y211 IRAHIZ 10 wt%
D Ag0 BE 0.5 wt%® CeOy & T NEIREA L= TEP
FELDORA B EREE VTS, ERENEERE % IZEZ 60 mm
%5 YBCO U7\ ngoi, Soni- vy
I3 seed plate 2OV EEL 72, 3VEILT =— /L & R
MOBHKRT =— NV E1To T, RIKEREE FTO0.7T Ok
LmAIL ., V7 BB LU o ZNEORRES A
% R L7,
3 WEREER

Fig. 1 (ZfER L7z YBCO U > 7 /v OB ERT,
SDMG ¥ TIXENTE T 11 D Ir A i iR 3 A T3 5 72 D i

BRAGIZ i iR IRE ] 2T 1) D W A KNTHEAF L 72\, AIAl

FME 60 mm ZABZ DRI 2 T 7 IR W T BN
L7 RO —E & o FRER OFE ik E CERT 2
ZEITERB L, oY T O 77 KIZEBT D
seed plate IR OIS0 % Fig. 2 12, U 7N
D & J7 16 DR HERESS 3 4f % Fig. 3l nNEiurd, U
7O ETER UL L | 232 il T — 7o il e oy
fi. VI NTa— RO GAATHD Z ERDND
RELY TS 72BN TH AR GRE 238 — 28T L7

ZENRIEENTE, LLEX Y SDMG IERKELD Y S
TEARDOYE 72 V7 OBRICAERTH D Z PR aniz,
FKETIE, 2SO LT OBREREIC YW T HIET
HTETH D,

YBCO ring

EuBCO seed™

Fig. 1. Appearance of a ring-shaped YBCO melt-textured bulk

fabricated directly by the SDMG method.

-30
-30-25-20-15-10-5 0 5 10 15 20 25 30
x/ mm

Fig. 2. Trapped field distribution at 77 K of the 60 mm class
ring-shaped YBCO bulk. Trapped fields were evalu-

ated on the seed side surface of the bulk.
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Fig. 3. Trapped field of the ring-shaped YBCO bulk along the
center axis of the ring at 77 K. The growth front side of

the bulk corresponds to z = 0.

[1] T. Motoki et al., Supercond. Sci. Technol. 35 (2022) 094003.
[2] T. Motoki et al., Appl. Phys. Express 16 (2023) 095501.
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Reinforcement method of stacked QMG® ring magnets for high field trapping

FREH T8, Hbk Es (HARRER)
MORITA Mitsuru, NAKABAYASHI Masashi (NSC)
E-mail: morita.d98.mitsuru@jp.nipponsteel.com

1. [ZC®HIZ

QMG® (HifE ik oD 123 ¥ 211 ABDMEGHAS B L 7= XL
7R EERM BN 1T, BB R ERE AR E T
HZEMNS,ZNETH A OSBRSS ED B TE[1],
N7 F N T, BUTE RIS T OERIZEY
BT OBGGIIEATREL 72D, B NMR IS8 ~DOHIFF
NEESTVB[2], NMR S TI, W — M2 2501
BNEEL2 D, THET, Box XIS ERBCLES QMG U
7 DEEIHIT D720 OFAEBHFEL, 10T #,17T FTO
TREE AR A FEBLL T XT2[3,4],

SRS A O E IR O — DI, B BB TR T2 2 E
‘AL DENLDD, QMG Vo T EIEB L=~ Fybha=
VDS FIE PR AT SRS EL B ST QMG V7 DN E
T 5y (Fig. 1(a)D Strain gaugeNL{E) ThHD[5], 41,2
DERSy DTEEWINT B F 1L LT, ENGELIMEDAEN
QMG U7 IR MO RIER K ENHTRY 7 2 B fHH 7=
R OV 7 BT AZE T, B E s
EARREFNL, BN OFRAEE T 5RAEIT 12D TEDRER
5,

2. RERAE

2-1 PUBHE(E Pig LI BRI AL NN R
725 E 20mm, MR 60mmd Gd & QMG V2% 5 KiftfgL
e~ Fybha=yhOfEEER T, FQMGY Y 7 IR
70mm, NEE 60mmD 7 LI AL THEMmEN TN, %
72, Fig. 1(bIAME 70mm, P8R 40mmD 7 IS &V 7 TH
JARTRENTZE S 15mm, FME 40mm, NS 28mm OQMG &
FLT-sH OV I M a2 RET-B O T2RT, £72,5 K
FUZJE HF R OEERE T DO T =0T B —
DONLEERT, B — VIV T-BR O, sV 7
M ESME 60mm DEFERD QMG Vo7 EDMITHK 0.5mm DX
Yo ERITT,

2-2 WEHE ~7 Fyba=yMNIMEEOT—/LR~
v FICEESH, AT 150mmD 10T~ Ry M T,FTE
OGRS, £ D% JWGERE TORNLEDE &
DOEAvETER LT,

Fig.2 12 5T,40K CEBLIZBEDOENLEDOE RO LA T
T, IRAV TR NE A OO TOEELED R KE
28 500 u A ¢ (CELIZDICKIL MR AV 7 M ARl E L7235
AOO U, M350 u A ¢ IZIRBLTWA, fisamAY 7 H o
T, B HE RO T C, A AV 7 M O ik
TREIRB L TELRLENPKRERS>TND, sV 7
MTZOISRENFAEUL T (BRER ) #HIZELIZLST,
A% 60mm DHEFED QMG U7 D@ TOh 15 AR
SnbolEbinsg,

F AV M O E T T OEZEBOE L, E R
RO I, MssHY o 7 BMEH L WD 8E, U7
DO EIHEE 5 6 Th o= DIZK L, ERIRRO% =TI, &
MBS EIER L TOhAZEIZER T 2B b is,

INHOFERND,~7 Xy b=y bR A DV
T EEE T DI LN, SR LIS T iR T i S L CH D)
THDHILLD T,

Strain Strain
gauge®@  gauge®

Reinforcement
rin,

}/

Strain -,
gauge® 40mm

Strain
gauge® QMG-ring
N\ Al-ring

Fig.1 Magnet unit structures and strain gauge positions.

(a) Magnet unit made of five stacked QMG rings with
reinforced outer periphery. (b) Magnet unit with reinforcing
rings at the top end

600
40K
— 500 |-,
< S
i -
400 >
% XQ’ NN
b 300 S~ T
o D TN N
o .o. \ N
®e \
& 200 36) O
c ., N
g ....—-.-.-‘\ \
O 100 e - -.'.. ~.‘\‘\
,.’ @ .°°..... \\\
O ®eeea

0 1 2 3 4 5
External field (T)

Fig.2 Changes of strain during magnetization process at
each position shown in Fig.1
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3. M. Morita, et al.: Abstracts of CS] Conference, Vol. 98
(2019) p.27

4. M. Morita and S. Awaji: ALK& B EHIZERT R
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Influence of storage pressure on time change of para—hydrogen concentration
for gas evaporated from liquid hydrogen

[ 55 R, Al —5, BRI §f—, i 8, ®H EEFR)
OKAJIMA Daichi, MAEKAWA Kazuma, FUJIKAWA Shizuichi, SATO Sara, TAKEDA Minoru (Kobe Univ.)
E-mail: 230w602w@stu.kobe—u.ac.jp

1. [XC&IZ

Wi iRFAL S OEFU AT T, KB R —BNEH SN
TWD, KFEOFIHARHCR BT REREL T, AV IKRFEL S
TIKFEDOEEIIEN DD, ANV RTEHIT O TIFFELL
MRS TS — 7 CL IRISKF ORI R 70 53T~
AV NERIZ DWW T, BHEHE BN ENZENMBNL TN
M, FELAF SO, e 2 IZZ I ETIZ, RIKKFED
HIET AT BT K F I E DR 2 AT IS~
TS LN, ARFZECIE, ZORIEZE (I IE T R E )
DB EFELSHRDI L T, 3 FADLE ) CHRIEKFEY
AZERI - BTtk T KRR EE ORI ZBIE L | B
JESI DR HONWTEL LT,

2. ZEBREELERAE

304L AT L AFBEIR L R (NEFE 2.25 L) IV 7T L
R RE D52 O AT 726 O & FR IR _EL TRV,
INETRIKKRFZZ I DI T AN L, R _NE EZE
SIELTINBZEFEK B AL TR LTz, ZORE, Fofé ATk IR
RFEH T DOWNELL EDE T E 15572010 BREUR %K
IRERTHAIL, KFEHTAZEREI T, TO%, RO
ENRIETLEL, EAY ER-T2E TR, JEN%E
ELTZG, BTN /255 FE Uiz, BPEE 1% 0.3,
0.6, 0.9 MPaG @ 3 D& i&IT7-, L=V 7 V2R S
TP C—EM IR L,

T TN ADSTIKERE D EIZIL, AR RTKED
BRI O WERI A L08Rty = A -
A+ TR DS-502) 2RI LT,

3. ERBFRLER

Fig. 1 I[ZIFRITE ) Z EOREREFE TS, IRIEKFZED T
RSEIREEIT 99.8%, IR TOFHIRE L 25%THAHN, T
BT HECORYOEROE T H RHZENTED,

RIS AL A SHICABNTT BT, RO &7 -7,
SYBTIZIZ, Fig. 1 12375912, 2022 4EEEOM £ ORI EES
FHT=, IR DR 2 Loy, DI D SRMAEL LT, #8i H 2K
tOBIEIC BN T, t = 0Txp = 99.8, t » +0Tx, = 25.0&
L. L OISR XA E LTz,

1.496
= (1 + ekot

MR PO EHk %, $iatY 7R TR/NA FEEZ AV CHEA
U7z, WP 12 BT RD T Bk 2 V2 [ENF B #R % Fig.
212, Bk ) & ek D BAR % Fig .3 127777, 0.3 MPaG @
FRLEIT ST, 0.6, 0.9 MPaG (2R THEEDN K EL 2>
7oDT REDEARLY AR EEZLEZ 2 7 V—T T
ST CHEHTLIZ, 0.3 MPaG (7 /L—>7"1) | 0.6, 0.9 MPaG @
R CEFIRTE ) & B ko S LB O BARRIZHY | BT 103 K&
UNEE RT3 9D FETOZMRI DR N L3 557D, 0.3
MPaG (7 /b—"7" 2) BELFIBIfRD D R E S B &L T
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Numerical Simulation of Liquid Hydrogen Storage and Transportation
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Study on storage and transportation of liquid hydrogen under horizontal vibration
as a parameter of filling ratio
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Study on safety distance for liquid hydrogen storage tank
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Fig.2 Architecture of BN with SRNG and decoder
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Fig.3 (a)Assumed BN and (b)microphotograph of the circuit
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Fig.4 Measurement result
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Fig. 2 Simulated waveforms of SFQSND
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Fig. 3 SFQSND input/output characteristics
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Fig.1: Frequency modulated spectrum radiated from an
intrinsic Josephson junction stack.
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5 TIIR? = 0.84L KRiE/KEE O LR Aoz, 7V AE

TANZEZ TOERERIETIR, AJHEOZ LN AlRE72) .,

AN TCMEROIINITARFH R A B K 3 055 Fh T
T Te DI TR R L 72> T, RFETIEAT BRI
DAEERTEA T7E L T2 2 & T A B A 3 23810 ¥ LS4 T kS
B ELIZEEZHND,

1.5

=== Target

1k

0.5y

-0.5¢ ===Learning

-~ Prediction |
-1t R?=084
-15 \ '
5000 5100 5200 5300

Timestep

Fig. 1 prediction results for the NARMAZ task in this method

BT, R AFICETAREDOIBLIREEE (LI
BB O R% Fig. 2 1077, BT ORFATIZEL T
E, RIEES G A b MNEEE TS S
NARMAZ2 ZAZIZHEWTHEEICELIZALATZbDD, L5
b TREIS RE2R D o7, IREE B LS TG4
|a| 3 RELILDEEHBITIEE N ELTOEWIFERBED
iz, LIRS T, IRENMEVIIE B EE) Y I —DMERelx
M ET5LE25, BRELT, BENMRWZEZE TLRER
DEVPIBTLO BB A Z 120, BAETHERIZIELIA
TIOBEEEEDERPMEIONRTLLRDNIEDRBZ 2 HND,

0.9r

0.6

[~ 1 1 1 1 1 1 1
0’#0 15 20 25 30 35 40 45 50
o]
Fig. 2 Relationship between temperature and R? in NARMA2

4. 15

BB AS—ZBL T, AN ZRERD IV AEH DR
FETELTZb DI 2, TR B O KIEeF Ik Bh LI,
Flo, BT ARG EEL IR NEIYF N —a s B e —
TAT DEATELT, B DEARITREE IR E 7 % 5.
ZIRNZ DD Tz, FERIIREICET 252 E 2 F¥
ATEATO IREMRNEE TR E RS A L3525
N A

S5

1. K. Arita, et al.: Physica C, Vol. 622 (2024) 1354522.
2. T. Matsuno, et al.: J.Phys. Soc. Japan 89 (2020) 054006.
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HTS-SQUID EZEH BRI IILZRLV=

SR ER ALY R T L DS
Development of a high—sensitivity AC magnetization measurement system

using HTS-SQUID and differential detection coil

A a4, Ve thEn, SRR (SRS
KURACHI Yuki, SATO Yuuki, SAKAI Kenji (Doshisha University)
E-mail: : ctwj0329@mail4.doshisha.ac.jp

1. ¥#8

féx 7+ /hi+ (MNPs : magnetic nanoparticles) & FV 7=
KRR TR RTAEE TR D 7L, BRI O B4 23 FT AE
THY, BROFHBZWIELL TS TS, L2, &
KR A AITOITITERTIC MNPsD A MR b M 2 25
W A M ERH D, EBIZ, EEORERETHWS
MNPs D I3<, £z, MERO B RO iT iR
REEEWE OB NSLIEIT RS, ZOEIREMET T,
MNPsH 5D RN B B FEF I/ N EL, MNPs O Sk R 5T
S R 2R S AT WSRO BND, £ T, KHFFET
1% MNPs DA ieté b Re: % 8 R S HA AT RE 7 35 i FE B D 7=
W, BERERR B H D HTS-SQUID % HV = A8 ik
(LRI S AT 2 A B S LT, BRZELIZ2 AT AT SQUID
EEABERHaANE RO BRI THY, A ElEE
SERIORHaA NV ERWAZETHEINES T T SQUID @
LETEERFERL, AR S M & 3 A 7=,

2. AlEAHE

Fig. LAV AT AOEEX %7~ HTS-SQUID ~Di#
W3 OENNINARET D701, B2 AV EEFNZIRNISRBR
BAT1aA 0 E HTS-SQUID &AM A S 7= o Bt
FFREL, B VIR — VRIS BE LY 7L
PODNEMS AR TAE SR L L, SR LD
o Rt a A E e 2R Ha A v 2Lz, 2
DOIAANVOHIMAANVENAS BT HIET2ODM
HaA /Z AU KR EZOR S EHINTE5, £, =
AT ST AN EAR T2 28T, HUNRGECREERIK /AR
R, Yo TN DHOEFERTHZET SQUID D%
FEBENAREL 2D, ay I AT 7% AT HTS-SQUID
DHANSRHHESGOEE B A2 E L, WE T, 17
BRHAIACY T AR ANTRIEL, 200K
A E AL TR RO I LB E R H LT,

3. BIEEH

W8 R7F 7Ri+1% Plain beads (Z8) I FEHERR XS4, ki1
P 20mg/ml ) &, BNF-Dextran (micromodft:, ¥z -y &
25mg/ml ) ZHIK CTLOfEMMRL, v~/ F 2—TIZ AT

Measuring Coil \

I Detection Coil l
I Excitation Coil |

HTS-SQUID

FLL Circuit

|
| (
]

Fig.1 AC magnetization characteristics evaluation system

HIE L7z, Plain beadsiIZ > T E DT 7 4 =T 4 FEHU W
LNARBER T /R C, B RIEN2000mTH B, £z,
BNF-DextranlZ 7} /7 =F A ML 7% 7 X AN L CHELT-
W T IR+, BRI 100nmTH 5,

4AIERER

BHSE LT3 AT L% AV OMNPs 20 & L7-#s B4 Fig. 210
AT, R IT DR OREFEEREIL T T AR Fn 23 AL
HITHY, HDAEE CEROBENRHERERZZDE
WA TR A L7225, ZOBEBITR - RICE->T
B720, RIS REIEEME A, NSV IEE & i )
L7425, Fig. 259, FG beads?3#)100Hz, BNF-Dextran23#J
200Hz CE—2%7RL, AR L7277 77 4O HHE
ESNDRE R L EEMIC—B LT, 2O HRLD, BIEL-ZE
filis 27 L TMNPs D R AL E D FIRETHD, 4% A
T LD EITHIZETRIBEFAT N FIREE S 2 5D,

B
AWFIEDOZATIZHTZY, WL KF=ORFFEZ T
NHETEEFEL, DIVEEELET,

—&—Real part

1.0 ——Imaginary part

0.8
0.6
0.4
0.2
0.0

AC magnetic susceptibility [a.u.]

s 3 a6 1 3 ase
10 100 1000
Frequency [Hz]

(a) FG beads

—@—Real part
—A—Imaginary part

2 3 456 2 3 456
10 100 1000
Frequency [Hz]
(b) BNF-Dextran

Fig.2 Frequency response of AC susceptibility for MNPs

AC magnetic susceptibility [a.u.]
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KAOFEBRA Z—REHE OREMFHED 2 DEIREBIEE SQUID X—2X
OFAREARKMORFE —FD 1—
HTS-SQUID-based Eddy Current Testing for Thermal Tubes of Boiler in Thermal
Power Plant -No.1-

HHH % GERRY); ZNHR (RIEETIE)
HATSUKADE Yoshimi (Kindai Univ.); SUGIUCHI Takao (The Chugoku Electric Power co.,
inc.) E-mail: hatsukade@hiro.kindai.ac.jp

1. FLsic

Aigeclx, BLAEREKNFEBIRARA 7 — DK AC current source
SUS304J1HTB {R&E IcHKET 2 NHES ) — 7HER H tan -
Wi U, SR - B P2 4T 2 B RSP RN DBl FE % :
kA7z, K SUS304TIHTB AmBVE IS HAET 57 ) — 7%
LT 2500 L LT, ERERETD SR 2 SR
{r3# (High Temperature Supercondoctor : HTS) SQUID
LSRG EAE: (Eddy Current Testing : ECT) 7'u—
T MAEeIEEEZA L 2, £, L EEEH
THEZ Y — 758 % 17 72 Kk SUS304J1HTB {5EVE D
HIE - R IR 21T\, RFaraEfiFEE o rfaeEIz>
WORRES U 72, AT, BiIgE L 723815 & 2 O EEEIc D
TR, = L Fig. 1 HTS-SQUID-based eddy current testing system
2. HTS-SQUID R—Z D@TIRERERER

BZE L 72 22E1%, K4 7 —NOMHPOEEE IS @
MATE3 X912, BOXMICT 72 AT 2% ECT 7u—7

Thermal tube

gradiometer

for thermal tube.

ZHFE U 72, FEEORNEX % Fig.1 g, HiElx, ECT d)Zmrh. ®2.5mm  d3mm. (D3.5mm d4mm :
Tu—7, ru—7 LR L EEaAa L 21T) HTS- P R 3 '

o = e T

SQUID 7594 =%, 754428y b, RiEE#s as

A7 L, EM, FHAFERS £ o MRS 1B, ECT 7 _
o—7%, 7a—7Hiic aoFMo A R oA L 5 :

ZEHBEL, 204 LDOR—2A54 Vv EELTZaDF

T 7 A BT A A%, B2 4 L OISR L . @

B a A g, HTS-SQUID 75 A4 X =D kic7Y

V4 709)‘ V4 7@6% L7 7\73 e I O ﬁrkﬁ L VC&Q% S $d2mm  ®2.5mm $3mm ®3.5mm  ¢4mm :

ZHEAL L, Bt 2 A4 L ICEE & 172 f55 1% SQUID Thia ] - . e

N5, ik a A VIGERIR & e L, RRBERER %z LIAR ' J 2 o B

AT L TEE ISR Z B EIE 5, EEEY B

s e |

MIWEILT, 7u—7LEDY 7 A 7% —EIfR : 0

> T REECHLE RLL D BN A 2 HIE T %, SQUID

HNER 7 4 SRS R, PCICtskS 1, AU OBk ®)

& EhI—avy—<y 7L LTINS, Fig. 2 Measurement results on SUS304 tube with

3. ABREEDMRE artificial holes. (a) ECT probe only. (b) ECT probe
BHTE L 7o 25E o MAE % §l L 72, HTS-SQUID 7'5 2 4 with HTS-SQUID.

A=Y BURDIEH ) 4 ALz 10~15 poy/Hz" ¢

Hotend, ECT Fu—7 T2 E /4 X780 7138

1 M0 L 72, KRIZ, 2~ 4 mm F THOERD % SUS304

BUAE B CATRIZEED, 2iE% HWCEE OBl 01
& #M|E L 72, SQUID ZHA3 ECT 7u—7oHl
ZEET Y 74 UHE L 2S4E L, SQUID %2 AT ECT
7a—7oMhEGEAB L EGEONERT2-, a4
JIZIE 2.4 kHz THIFTlE 2 A, BE T3 0.02 A DIRIE
DIEIEERZT L 72, JE L 2SS L fic s 1 2 ,
2{35WIB% Fig. 2 1oR" ¥, SQUID % F A LIckilver: System noise
FIDNE EFHES LS & 7z, SQUID THiAH L 727X 0.0001

Kfas» & DIGEESHRIE £ AR IGOEROBF % Fig. 3 0.01 0.1 1 10

SQUID output o

0.01

Signal intensity [V,,]

0.001

RS, (FEMEENERIIB L ZHHIL 72, AT LD Hole diameter [mm]
A RLVIE I mV RiTH D, AEEEIC K D Y7 mm
Y4 RORM A BT E 2 RS X s, Fig. 3 Hole diameter vs. signal intensity due to hole.
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KDREBRA Z—RNIGEE DREEFHED 72 6 O FREEE SQUID X—X
OERREARZRIMORAFE —FD 2—
HTS-SQUID-based Eddy Current Testing for Thermal Tubes of Boiler in Thermal
Power Plant -No.2-

HHE 4 GE#RY); 2N Hk (hEEIE)
HATSUKADE Yoshimi .Kindai Univ.); SUGIUCHI Takao (The Chugoku Electric Power co., inc.)
E-mail: hatsukade@hiro.kindai.ac.jp

1. F0®IC
AFFSETIE, A BIIE KSR R A 7 =K Fers-2@smstr
SUS304J1HTB @& I T 3 NEY Y — FHEiG% .

iR L, A - a2 AT 2 B IRAFEN D BAE &
ATz, K SUS304JIHTB [ZEVE I HKAET 27 ) — 7%
b d 28 L LT, EREBECT b EREE 72 st
fri4 (High Temperature Superconductor : HTS) SQUID
L E S RER (Eddy Current Testing : ECT) 71—
TRMESIEEEZRT L 2, 7, BT L BEEE A

(SQUID: Max-Min)/SQUIDFH#E

TN ) — 73l 175 72 SUS304J THTB {58V P
W - R SRR 2 17\, KA aaHGFEB O AlRErkIc > . .

WTHERT L 72, KT, B L 28 B 2 HWZNESZ Y Fig. 2 Maximum anomalous signal vs. creep test time
— 7Y v TN ORIERRIC O WTRT, ) )
2. PES ) — THREETRSHE a4 v B A L7, 5000 KRR L 7o > 7L

KI5 & U 7=k SUS304J 1HTB {ZEVE X, 84 DOHEEIHCTREETVPENTE D, WmBZ ok R, %ﬁ
IHLIE ISR KA 9 PG 600C - 25 MPa iz PILBORE SEIRICHVT 5 b0 LS 7, il
E ’_‘jj‘l;‘w(@}gﬁénfb)% - > wC ilj;”_‘7 ]) ,_7;:&% H%F'Eﬁﬁfﬁ"] 7000 H%Fﬁﬁ%%%ﬁ‘a—% &@'ﬂﬁﬂ%ﬂaﬂék/u\bh%

0 — —

FI9F > 7% 6 AFIIEL, 700°C - 110 MPa oogefiic k  AMHESISINOHIIHTHR, 3506 b sl mA L 7.
ZINHE 2 ) — 73 % 20 L 7. S IX B X 2 2,500 v 7V T4 C¢ld 9435.5 KfElT, T6 Tlix 8855 KT
FEI, 5,000 B[, 7,000 B, 9,000 B, &k o WPIAVEL 7o K9 9000 INEIZHEIA 3 & SR E I
ECOREE L7, 2N ZFNDOIETHNIE 2 Y — 73k BROBEA AT b biligmicfRICE s, ofio—

‘ L R CREMTAVE U Cuate, AINFEZ Y — 73RN &, Y5
fo WORMEBRSECORE, KX 345 mm, e50.8  HIMCCELL ZOBIRE, MAVEL K T4 05
mm, JEX 4 mm D52 0.5mm DV 7 b & 7 THEIE 16 127 Fig. 2 RORE %ZOOO H%FE%)%:'E%&E%?’E
e I BRI SE 2T L 7o Wtz o WML 7, 2 U6 0 WIS RATRE AL B 1 6
DR/ 2mm OB a4 L A &, 9mmx12mm & R, —IBBEWNIO KKK 2 ATREEDRR S i,

AL B A A ML e T COWEICE U B WA 5 3, P !
ﬁ%MMmA;$L§4mfi§’¢236ﬁgwgk u@aa8¢g1w&@okouiib,ﬁ%ﬁm;bm
BB L, MBS TR TR L L 72, R d T T, UL ) TR
3. NEYU—FRBY Y FILOAIEESE 2 BRI OENIBTOBERZICHR L Tw 5 L

?E‘[Jibf:qj-y7°ﬂ/@qu@\ ﬁﬁ%ﬁ.if\ﬁof:qj-:/7°1b'r4 {EJgﬂ’Lto ;@ﬁﬁﬁ 'ﬂﬁ i Ik*ﬁ%@;b)of;7/b7
L T6 OWSERERA Fig. 1105F, 9 mmx12 mm of 7 HPRAMEYORRICL 5D EHEZS 5.

Specimen T4
2,498 h 4 920_h ~7,032h

328 mV 332mV 328 mV 332mV. 328mV 332mV. 320mV 340mV 320 mV 340 mV 320 mV 340 mV (a)

Specimen T6
2,498 h 4,920 h 7,032 h

328 mV 332mvV  328mV 332mV 328 mV 332mV 320 mV 340mV 320 mV 340 mV (b)

Fig. 1 Measurement results on KA-SUS304J1HTB specimen tubes under internal pressure creep test. (a) T4. (b) T6.
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Development of High—Power Superconducting Filtenna.

K HURERGLALR), 1R R, BA mA
TAKEDA Kotaro (University of Yamanashi), SAKUMA Keita, SEKIYA Naoto
E-mail: g23te017@yamanashi.ac.jp

5. F&HH

1. [FC®HIZ

AV PR E Rk T, AR RN PR LI
&L, W ROBENMLETHD. BIBE A yF T TT%
AWDZ Iy, BEDROLFNY/HTED. LnL, B
(EERIITRE D EIRIC B AR HY, lﬁfﬁ%‘/\o/f‘T‘/?“)‘
DI I RFHEIEL WELT EEL[1], v A7 = EIRD D
FUATHE SV A 72 L TRV, — 5, BB RE RS2
T VA DI E ST REIZ40 WERB X [2], BBIRE T T T
FIVEWIE D EEEZ AL TS, Fx i, BT
F DT E I EE MRV R, 7o T I 7V 2 X0 IEE
BRI T, BRSO E B OMEREM A EL2D
B17=®, 77 il i s <4 H UES R B %
2 BEEIRIEZ R TRIRDID ThDHEEZT-. £ZT,
T T FOJREALD FIEELT, SENE T NEZET T T
ERLAA DD THIRIRA LRI, ikiEE K&
JEFBZEWTEDBIANEN T T T F (T 4T F) [4]%
AV

AWFFETIE, BIRET T F OIREISb D=0, 7404
T T TR G DR IIBRE T VT T EREIL, B
LA L, IR EE R LIRS T VT ) &R
FLTeDTEDOFEMI DN THE T 5.

2. BIREI/ITFT D

TANEDEAREIK A Fig.1(all, 74/ T T O%AMEK A
Fig 1ONI/RT . T4V T FHIET7 4V DEHE B D IR &G
BRE R TICESMZ DL TR TE5. BT L
T T, A RFHEA NI TELIDIC e IS A A
Wz FE, TR R R R RICT D70 IR E T T
FIELERRE AW, BEFIEEF vy 7 EEL T
EIRER AR UTZ. 7V TF % 2 BT AR 5
GHz, ##i8E A3 100 MHz, #715kM Ripple 23-0.1 dB DF%FEF5:
L, 742G B E VTR ELZ[4]. BEE
MHEIT YBCOCETER 3x10! S/m), HAKIE 50 mm A D
r-ALO;(FLFFEE 9.9, FHEERE 1107, FEHKE 0.5 mm)%
W SR LIRS T VT T Fig2 lORT.

3. FRBEHLEREEDE

Rl —Tar O R, IEROBIZE YT T T O
1BRIE (12 MHz) X0 EE T VT F OHIE(100 MHz)E#)
9 IS Tz, ToTT &, 74T HCindEREH RS
He, TUoTHITHENDEBROK KA 275 A/m THH7=D
IZXIL, 74T FICHiNDEIIL 116 A/m THY, i dE
TREH) 60% I L 7=, MHERHET P oc P OBIEMND 2
fis1a L3 28E 2 040, MtERHERR 5 fFm BT 5848
hb.

4. BIZEI()LTFOES 5T

Fig3 \Z/ERUIZBEET VT T %, Figd ([THRE S
FT T FEBRET VT T D2 — s O JE
P&, BRET VT OME LT E R EERT. 8
LORFPELIENRE GND LD EVFHERNSE LT
DR E BRI T TS, 7T T ORISR
91 MHz L7320, /Ry F 7 7 O HHEIE 10.3 MHz K0#9 9 %
Ik e o7, THE I RIE OFE S, BARE T VT F Ot
BT 45 dBm(34 W)THY, EHHRALIC IR J1 45
PR RIEIZH EL7z. PIEOFEMIEY H ik ~5.

BURET 7 F Ot Ftkzm L5720

VAR &

r&af%:&@f%é%1£%74/v?f@nxn*’i’ﬁot iR,
BIRE T VT FITHIET, HkEE 9 fF5I2AT, b
THRAA G0WIEMLT-. TN RIEDR R, BEET (L7

F O ES T 34 W EKIEIC

[ L7z,

P

(1]

K.Ehata et al., Electronics and Communication in Japan
82 (1999) 915

N.Sekiya et al., IEEE Trans. Appl. Supercond., vol. 27,
4) 2017

IR R et al, 15 WE
Vol.J90-C, No.3, pp.188-196, 2007
M.Ohira et al, 2015 International Symposium on
Antennas and Propagation (ISAP), pp. 1-4, 2015

(a) Filter (b) Filtenna
Fig.1 Equivalent circuit

& F R LEE C,

Fig.2 Structure of superconducting filtenna

0 gy —
10} il
g L
= Lal
= T
7] ey
20t s
i
DA e
—ﬂﬁﬁ74lbr"'{Mm} '
_30 1 1
26 48 50 52 54
Frequency [GHz]

Fig.4 Frequency response of superconducting antenna and

superconducting filtenna
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Trapped field characteristics of SmBCO superconducting bulk grown in air

EE BERES, FiA WA, Wik &2 CaFR)
ASHIOI Ryutaro, HAKOISHI Hiroto, NAITO Tomoyuki (Iwate Univ.)
E-mail: s0421001 @iwate—u.ac.jp

1. [ZC®HIZ

LREBCOBEE L7 (LRE : #7148 53) 1ZYBCO
IR TEWBIR B IRE T8 i i L x
HLTWDI2 | MW E R CEDATREMEN DD, Lol
TSMG (Top Seeded Melt Growth) J£IZ5YW KA H CLREBCO
ISV EAERT DL | LRE/BaEIRE I LD 700 033 LK
4%, ZD7=%, LREBCO/N L7 DO/ Z Lo @ #1340
HISNDEERTR 7y £ F T TWA8, R IR HIEN L E=
ARTHY, 1%EZETHH-OHIMENTDIC, ZZTA
WFFE TIPS 2 M BELL L2V KR I BV TSmBCO
VA (= e N g E RSP Bl

2. EEBAE

FECRH B R & 5 R AE BT o SmBayCuy0,(Sm123) &
SmyBaCuOs(Sm211) % {# H L . 100wt%SmBCO [ Sm123 :
Sm211=3:1 (FE/LEE) 1+ 0.5wt% CeOqt+ 3wth BaOy E725 8912
& RAZITT2, I THD CeOs 121E Sm211 (ERE
VAR IR OB B R A HY . BaO, 121 Sm/Ba D [EVE
EHAEIT 2 B[], IRE K 20g % 50 MPa C1
fili 7L AL, ®20mm-t15mm DOFER AT L 7% | Buffer
ALy B LU Nd123/MgO FIERERS S 4 AV 2 TSMG 12
F0 | S HEDIR Zr0, OFR— L0 ETRER R EETo7,
BONTZ V21T Tl O7= b iEFE R % T C 350°C-150h
DR F LR E -T2,

VEBLL 7= SmBCO 73V 271% FC (63 h i B TR 1C X a5
WeaATV, Hall & 72 H W CTHIEREGZAELZ, £
SmBCO 7L 780 U7/ sk F V€ SQUID fgie
FHCE DAL EEL T o7,

3. WERLEER

Fig. 112 # 55 i E % O SmBCOS L7 DAL Z 7R3, MKV
SmBCOIZE £ HHEFABa~Cu-0& ZrO, DR — /L A3 a5
JELTNWDZENDNY | FE R E R E R CEIEL TnHIE
DHERTED, ZHUEGABCO/ S L7 RYBCO /S L 7 VERLIE |2
ERONT ., MR ERENEWIENFER THLEE D
Do ETCRMT AL L7 RO SmIR % = 5729 Sm/Ba
EHAMIEHES D ATREPE N B D,

Fig.2 {2 SmBCO #3277 GABCO »3/L27 (B2 ALEE 400°C
-150h) , YBCO L7 (g3 iLBR 450°C - 150h) EZE LD
(DR R AEME AT, YBCO /S22~ T GABCO /31
7. SmBCO NAZIE T BNEWIENFERTES, Ll
SmBCO DHMEEIEBILIT e —RTHY, L0 TAEY
Sm/Ba BEHANFEAEL TWDHEEZBND,

Fig.31277KIZ 3313 5SmBCO/3 /L7 | GABCO/Y L2 YBCO
ISV ENE VOIS A RS SV AT
TO17mm- t6mmTh B, 3OD I E T AL T3 E<L
LRE/Baf& #7339 4 L2 GABCO/ L 27 DI RIS A e h
BT, £LREZ W TV HSmBCO/ L 713 YBCO/ 3L
I UFFE R U 27~k L, GABCOZ L2 |2 e~ Tl bk
BB o T, ZHUESm/BalE IR E AR IZ S > T, R AR E
AR FLIEZIZD THDHEZE ZBND, D728 Sm/BaiE #az4]
HTEIIZYBCOLL I, GABCO & [A4E DIl HE bl 2155
o RENER B D,

SR CIRIRAEE ZrO, DR — L ED I EIC L~ TE L A RITER
EPBDORARADOX K72 &L TR EET D,

SE R
1.M. Muralidhar et al., Physica C 484 (2013) 108-111

Normalized M (a.u.)

85 90 95

Temperature (K)
Fig.2 M-T curves of the SmBCO, GdBCO and YBCO

bulks. (buffer pellet Imm below, center)

10 10
54 5
£e E
> >
-5+ -5
10+ -10
—1‘0 10
o] (¢) B.(T)
5
E o
E
>
-5
-10

X (mm)
Fig.3 Trapped field distributions of (a) SmBCO, (b) GABCO
and (¢) YBCO bulks at 77 K.
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Research towards improving the mechanical properties

of superconducting bulk

R K, AR, B Kk, K &, 58 8 @RERD
AKASAKA Tomoyuki, ISHIHARA Atsushi, ONJI Taiki, YANO Suguru, TOMITA Masaru
(RTRI)

E-mail: akasaka.tomoyuki.65@rtri.or.jp

1. [FC&HIZ

A L7 (IR, T C s £ Cm O R R
AT HIZD RN THROBHE R AN EBLTE D, HE
SV ORI EERBURIZ - T i TEHREEO K
SEPTREERIICIH) L, RABEA CTIXFEBLCERO B
PEATRECTH D], L Laends | B N5 L | &k
NI KT D28 | MEBRE O SRR A HIRES D
LVORBED®D[2], Ko T BB LY DR B S % 7]
2, R RO EREEER STV D, Y
2V DAL T IEE LTI, AgDTINEB] el 7 icss
MiTRAIMRRS N, AR FEELTUEHENTWD,
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Elucidation of nucleation and growth of YBCO for high—performance superconducting bulk
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Fig. 1. Location of the NI coil and pickup coil.
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WD ILDNLESLCRKEXEH T TEDHEE LD,

F7-. Type A TIIHILALIE DS NI A /L DIEIZ /8 D1FE
BHENDBEMES 2o TND, ZHITSLEE YTy
AN EDHEENEEND D THDHM, TNEZ T TARIFZET
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TABLE I
SPECIFICATIONS OF REBCO TAPE AND COIL FOR ANALYSIS

Parameters Assumed Values

Overall width [mm] 4.02
Tape Ic@77K, self-field [A] 115
Copper stabilizer thickness [pm/side] 20
NI coil
Number of turns 50
Inner diameter [mm] 60, 500
Turn-to-turn electrical resistance [uQ-cm?] 200
Analysis
Operating current [A] 395 (const)
lop/Ic [%] 70
Operating temperature [K] 30
Cooling condition Conduction
External magnetic field [T] 10
Pickup coil
Number of turns 100
Inner diameter [mm] 58,498
TABLE II
PEAK TIME AND PEAK VOLTAGE OF PICKUP COIL VOLTAGE
(SINGLE PANCAKE COIL)
Position of Degradation
fé’ @10" turn | @20" turn | @30" turn | @40" turn
g 112mvV | 518mV | 348mV | 3.13mV
g' I8 6 ms 21 ms 48 ms 77 ms
g 26.4 mV 11.9 mV 7.92 mV 7.01 mV
o 4/8
qg 6 ms 20 ms 48 ms 77 ms
§ gg | 407mV | 182mV | 120mV | 107 mV
8 5ms 20 ms 49 ms 76 ms
S35 3k
1. T. Oishi, et al.: Abstracts of CSSJ Conference, Vol. 105
(2023) p.47

2. T.Wang et al., IEEE Trans. Appl. Supercond, vol. 27, no.
4(2017), Art. no. 0601206
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Development of No-Insulation REBCO coil system for Skeleton Cyclotron (Autumn 2024) :
(Part 7) Analysis and Evaluation of Screening Current-Induced Magnetic Field in No—Insulation
REBCO Coil System for Multi-Frequency ECR Ion Source
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Fig.2 Coil arrangement

>

(58] (2)

Fig. 3 (1) the arc section added to the end of the
rectangular coil (2) one of the arc portions reversed.
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Thermal relaxation of HTS cable tapes after a short circuit current pulse

AD/7 2=V, #hHE B8, Lo EXREE (KR
IVANOV Yury, KANDA Masae, YAMAGUCHI Sataro (Chubu University)
E-mail: ivanov@isc.chubu.ac.jp

1. Introduction

High—-temperature superconducting (HTS) cables are
designed to operate as part of bulk power transmission
systems, so improving operational safety is very important.
Conventional HTS cable is a concentric multilayer structure
with many HTS wires (tapes) tightly sandwiched between
insulation layers. Kraft or polypropylene laminated paper
(PPLP) impregnated with liquid nitrogen (LLN2) is used as
electrical insulation. When HTS tapes overheat due to short
circuit current, local cooling of the tapes is difficult due to the
paper’s low thermal conductivity and low liquid permeability.
This causes rapid heating and subsequent transition to the
normal state. To study the behavior of HTS tapes during short
circuits, a test bench was assembled that generated current
pulses with the required characteristics.

2. Experimental set up

The circuit diagram is presented in Fig. 1. The test bench
allows generating current pulses with a duration of about 8 ms
and an amplitude of up to 4-5 kA, which is 20-25 times higher
than the critical current (/) of HTS tapes.

0-120v
0-2A

HTS

Trigger tape

Shunt resistor

-“G‘: 1
o= i
R 25000
Power

LN2 bath
supply

Oscilloscope

Fig. 1. Circuit diagram of the test bench.

As shown in Fig. 2, a single HTS tape is sandwiched
between stacks of insulating paper with thermocouples
installed at different heights. When the HTS tape is heated,
some LN2 in the pores of the adjacent paper rapidly
evaporates. The increased pressure forces the two—phase
mixture out of the surrounding space. When the current is
switched off, a considerable amount of time is required for the

PPLP or kraft paper

Fig. 2. Cross—section of the experimental assembly.
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gas phase to condense and for the paper to cool again and
become completely saturated with LN2.

The experiment used Bi2223 HTS tapes with Z of about
190 A. The sample width was 4.5 mm, the thickness was 0.25
mm, and the length of the sandwiched part was 150 mm. The
cable paper pieces in both cases were 19 mm wide and 0.125
mm thick. The thickness of the bottom and top layers of paper
was 3 mm, so 48 pieces of each type of paper were used.

3. Results and discussion

The results of impulse tests are presented in Fig. 3. The
dashed curves show the time dependence of the temperature
of a free HTS tape placed in LN2. After a sharp heating, when
the current pulse is passed, LN2 boils and the tape is cooled
in the film boiling regime. The kink in the curve with
decreasing temperature is due to the transition to the
nucleate boiling regime when the heat transfer coefficient
increases sharply. The solid curves show the same relationship
for the HTS tape sandwiched between pieces of kraft paper.

-130

_140 — 3.6 kA, with paper

--- 3.6 kA, without paper

_150 | = 3.3kA, with paper
--- 3.3 kA, without paper

— 2.8 kA, with paper

3.3kA

-160
--- 2.8 kA, without paper

2.8kA
-170 x

Temperature, C

-180

-190

-200

Time, s

Fig. 3. Tape cooling dynamics depending on load current.

There is a significant increase in cooling time and the absence
of kinks. A comparison of the slopes of the curves suggests
that cooling in the presence of insulation paper occurs in a
regime close to the film one since the high hydraulic
resistance in the paper’s pores prevents the supply of LN2 to
the heated region. In the PPLP case, the picture is similar, but
the cooling time constant increases approximately twofold.
Therefore, improving the conditions of LN2 microcirculation
can increase the recovery rate of the HTS cable after a short
circuit. In addition, the surface of the HTS tape can be
modified to initiate an early (at a higher temperature)
transition to nucleate boiling.
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fi(friction from insulated pipe)

Fig.1 Numerical model of superconducting cable

Tab.1 Parameter for numerical analysis

L m k c u a
(m]  [kg/m] [N/m*]  [N-s/m] [-] [K™']
0.01
400 10 107/3 ok 0.2 0.003/223

(L: Cable length, m: Cable unit weight, k: Cable unit elastic
modulus, c¢: Cable unit damping coefficient, u: Friction coefficient,

a: Linear expansion coefficient)
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Fig.2 Temperature distribution during initial cooling
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Fig.3 Thermal stress during initial cooling
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Fig.4 Thermal stress during warm—up
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Superconducting

power transmission .
Cooling

system Feeder

Trolley

Superconducting feeder cables Cooling system

Length:102m)

Fig.1 Superconducting feeder systems installed to commercial
lines
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Numerical analysis of HTS cable with 3D T—A formulation and H formulation
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1. Introduction

To analyze the
electromagnetic
high-temperature superconductor (HTS) applications, finite
element models are usually constructed for numerical analysis
[1]. In this study, 7-A formulation and A formulation are
considered for comparative analysis, and the basic principles
are introduced respectively. The electromagnetic performance
of 3D REBCO single tape and superconducting cable are
discussed in terms of magnetic flux density,
distribution, and AC loss. According to the characteristics of
different formulations, single tape, and triaxial three—phase
superconducting cable models are established while related
partial differential equations with boundary conditions are set
up. The accuracy of AC loss in the 3D finite element model is
compared with theoretical calculation and 2D analysis results.

spatial and time
distribution and

independent
performance of

current

2. Theoretical analysis

To reduce the complexity of solving for unknown variables,
Maxwell’s equations are separated by formulations. The 7-A
formulation and A formulation used in this study are shown in
Fig. 1. In H formulation, the transport current is imposed
using a pointwise constraint approach by integrating into the
cross section of the superconductor. When an external
magnetic field is applied, the Dirichlet boundary condition is
set on the outer boundary of the solution domain. In 7-A
formulation, the current vector potential 7" and the magnetic
vector potential A are solved in the superconducting and air
domain respectively. The Dirichlet boundary condition is set
on the edges of the tape for transport current. Due to the high
aspect ratio of REBCO tape, the thickness can be neglected
in 7-A formulation, which can save calculation time
effectively.

3. Case study

The models of 2D/3D REBCO tapes and HTS cables are
discussed regarding magnetic field distribution, current
density, and AC loss. In the time—varying electromagnetic
model, the alternative current is applied. When the magnetic
field reaches its peak value, the current density distribution of
the tape and the magnetic field distribution of the HTS cable
are shown in Fig. 2. The 7-A formulation and A formulation
are used for comparisons in Table 1 with the current amplitude
100 A and Fig. 3 with the current amplitude 0.2 - 0.9 /.
Comparing models with different formulations, it is found that
T-A formulation can obtain results in a shorter simulation
time while ensuring accuracy.

4. Conclusion

Based on the 7-A and H formulations, the single REBCO
tape and HTS cable modeled by finite element are analyzed
with the time—dependent electromagnetic field, respectively.
Comparing the AC loss of Norris analytical models verifies the
correctness of the numerical analysis.
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Table 1. Results of HTS tapes and cables

2D H tape 2D T-A tape
Simulation time (s) 247 148
AC loss (J/m/cycle) 5. 0056e™ 4.7563¢™
3D H tape 3D T-A tape
Simulation time 4164 2837
AC loss (J/m/cycle) 4.1812¢™ 3.8207¢™
Phase A Phase B Phase C
AC loss (J/m/cycle) 6.1441e® 7.0194e? 7.4548¢>
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Fig. 3. AC loss of HTS tape and cables
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Table 1. Motor specifications

Rated output 3.0 kW
Rotation speed 1350 rpm
Number of poles 4
Line to line voltage (maximum) 24V
Cooling temperature 20 K
Armature winding MgB: wire
Field magnet NdFeB

Radius: 57.5 mm

" (Length: 150 mm)
Iron core

Ring

Fig. 1. A superconducting motor configuration

Fig. 2. Comparison of motor loss under room temperature (RT)
and 20 K conditions
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Fig.1 Isometric view of 3D models of two types of
armature windings. (a) six trapezoidal armature (ST)
and (b) double trapezoidal armature (DT).

(a ® e

Armature

Coil v

Core,

\
| Rotor Barg BN
) I—l o L

Fig.2 2D cross—sectional 1/2 models of two types of
induction motors. (a) ST and (b) DT.

BIFDEF MO RT LTz, IRIT,

Table 1

Constraint conditions of two types of motors
Maximum output [kW] 200

Number of parallel conductors 8

Armature Number of turns [turn/coil] 30
Electrical frequency [Hz] 60

Load factor [%] 70

Rotor Number of parallel conductors 30
Number of rotor bars 22

Yoke thickness [mm] 10

Core thickness [mm] 10
Operating temperature [K] 70

Table 2
2D analysis results
Motor type ST DT
Armature current [Apal 632 616
Phase voltage [Viaxl 433 377
Power factor [%] 49.3 57.9
Average torque [Nm] 530. 3 530. 1
Torque ripple [%] 54. 4 5. 64
Rotational speed [rpm] 3599. 856 3599. 754
Effective Length [mm] 309 131
SE

1. Y. Okade, et al.: IEEE Trans. Appl. Supercond., Vol. 32,

No. 6, Art. No. 5201706 (2022)

2. M. Tsumori, et al.: IEEE Trans. Appl. Supercond., Vol. 33,

No. 5, Art. No. 5200206 (2024)
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Experimental Evaluation of Torque—Rotational Speed Characteristics of REBCO Fully
Superconducting Induction Motors with Air—Core Squirrel Cage Rotors
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Fig. 1(a)& Table. 1 |{ZRAIELTZBEENTHIRER L2 0
ik Z T, REHER I A= RY 7 OE R E iz
<5728 REBCO #ibta A=, BREEE1 DR MEL
TRV BHY, ZX RN /258N TR TN T

BIDON—TBEL, KARA R T OXIEES 120
ThoH[2]. ZOHKKNEROWBRIE & B LR ML 28
BT 570, #EERYIE /NS T 208 RHS. £2C, Fig.
LB)DINTFHNF TAYFLTZREBCO it & AT, —
VRU T EEEaAVIRIZL, | Z— T B E R NG —L
TRV T OBAREE N DNEI LN —F e — L
TRV T N F B LT

Table. 1

Specification of superconducting squirrel cage
rotor composed of REBCO tapes.

Tape width[mm] 4
Tape thickness[mm] 0.13
Critical current of tapes(77K,s.f.) [A] 190. 5
n value 24.2
Number of parallel tapes in a bar 5
Number of bars 12
Cross sectional area, A [mm®] 32
Outer diameter of rotor, D1 [mm] 59. 4
Inner diameter of rotor, D2 [mm] 37
Effective length, L [mm] 110

, REBCO Lap( plated
with solder
e .
Fig. 1 Superconducting squirrel cage rotor composed
of REBCO tapes. (a)Completed rotor. (b)Fabrication

process.
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HRT - ML KPR B T

4 FHEREER

Fig. 2 2280 ABIREFE T —F OREREE -7 Rk
ZR . 40, 50 Ao DMLY BB CIX R Tl Kby 7 23
BONTZN, 60, 70 Ap EHEINT D LGBV D3 KL o &
7pole. ZOMVIRRHEO AL, BlHET-OBBLOZELK
XD THDHEEZLND. ZHUL, B EROE
IMZ X0 [al#5 7 O UGS ERR A~ D BEAZ R N L 72 o722 LT
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;173%:5 H X EE - AMERBLO L& e RV R LC
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/1/7%Hﬂék%xi’ohé7bx ZOBRRIIMEFR TE o7, =
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TRV T OB PN KB e~ T2 b THHEE 2D
na.

Armature Current [A,] 040A50060 X70
1.2 ¢

XX
L0 XXX
Xxx XXX X
0.8
1]
o oOoooooo
0.6 | I:||:||:|I:II:II:I

Torque [Nm]

0.1 AAAAAAA AAA AAAO
0.2 (?OOOOOOOOOOOOOO

A
0. 0 1 1 1 1 -
0 200 400 600 800 1000

Rotational speed [rpm]

Fig. 2 Torque-rotational speed characteristics of air—
core fully superconducting induction motor at 77 K. The

synchronous speed is 900 rpm.
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1. T. Nakamura et al., IEEE Trrans. Appl. Supercond., vol.
16, no. 2, 2006

2. K. Ikeda et al., IEEE Trrans. Appl. Supercond., vol. 27,
no. 4, 2017

3. M. Tsumori et.al., IEEE Trrans. Appl. Supercond., vol. 34,
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Investigation of conditions for rotor cooling using dilute gas in fully superconducting motors for

electric aircraft propulsion
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Cryostat (Stainless Steel)
Torque Tube
Coolant Path (FRP) CEESTELD

Liquid Hydrogen
Evacuated =emmee—— 1]

—— Armature Winding

Bearing
Shaft

Field Winding

Electromagnetic Shield
(Stainless Steel or Copper)

Ferro Fluidic Seal TOFGE‘FERL”)DE
Fig.1 Fully superconducting machine employing
dilute gas rotor cooling [1].
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| Rotor

He gas -l'féf-.' :

Stator | |

Fig.2 3D analytical model of an experimental.
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Coupled analysis: —
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Fig.3 Comparison of results under rotational.
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1. Y. Terao, et. al. “Electromagnetic analysis of fully
superconducting motors employing dilute gas rotor and
liquid hydrogen stator cooling structure,”. Journal of
Physics: Conference Series, Vol. 2545, No. 1, (2023) p.
012027.
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Improved Magnetic Stiffness of Bulk Superconducting Levitation by adding Auxiliary Magnets
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Fig. 1 Magnetic force of various stators.
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Fig. 2 Magnetic stiffness of various stators.
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Table 1 Specifications of the bulk superconductor

Parts Scale
Diameter 26 mm
Height 12 mm
SEA
Fig. 1 Bulk superconductor
1.0mm
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e 'I ‘Glmh
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Fig.2 Inverse problem analysis method
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Fig.3 Comparison of the trapped magnetic field distribution
between the measured results and those calculated by inverse

problem analysis
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Table.1 Specifications of magnetic sail

HTS tape FYSC-SCHO04
coil case Material A6061
Bus side panels Material AL-1/4-5056-.001P
Supporting trusses Material CFRP
Number of turns 23/coil
Stack number of coils 150
Inner rudious of coil 2.5m
Radiosity of MLI 0.03
HTS coil case
Radiation shield
Supporting =
trusses BUS

Solar panels

Fig. 1 Analysis Model
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Fig. 2 Dependence of acceleration and temperature
on the number of radiation shields

Table. 2 Dependence of coil temperature and
acceleration on shield position

Number of Shields

Shield position

Coil temperature[K]

Acceleratione[nm/s*2]

2

bottom-top

20.5

7.164

bottom-middle

22.1

6.976]

middle-top

18.3

7.406

1. FHIMZETJERTERS SPICA S v & a VIREE(CE 2
fix) St
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Fig. 1 Process flow diagram of proposed LAES
system

Fig. 2 Exergy changes for the LAES plant
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Fig. 1 Installation of the cyrocooler and the cur-
rent leads in the cryostat.

Fig. 2 Copper current leads energization test results.
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Development of superconducting magnets for high-luminosity LHC upgrade
- Production status and test results of 7 m-long series production magnets
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Fig. 1 Training plot of prototype and series production magnets. TC stands for a thermal cycle.
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Development of superconducting magnets for LHC luminosity upgrade (21)
— Tests of prototype cold mass at CERN
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Fig. 1: Training summary of LMBXFP1.
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Development of Nb3Sn Superconducting Quadrupole Magnet for SuperKEKB
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— Development Overview of the Nb3Sn Quadrupole Magnet —
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1.Introduction

SuperKEKB is an energy-asymmetric double-ring collider with a
7 GeV electron beam and a 4 GeV positron beam, aiming for a peak lu-
minosity ten times higher than KEKB. In 2022, SuperKEKB achieved
a luminosity of 4.7 x 103> cm~2s~!, double that of KEKB. We are still
tuning and making minor modifications to reach the target luminosity.
However, the Belle II physics experiment group is pushing for faster
progress. Improvements such as extending the beam lifetime, enhanc-
ing injection efficiency, and reducing beam instability are necessary to
meet these demands. An essential modification is adjusting the final fo-
cusing superconducting magnet (QCS), which focuses the beam at the
interaction point (IP). Our optics studies show that moving the final-
focus quadrupole for the positron beam (QC1P) 100 mm closer to the
IP will increase the dynamic aperture and extend beam lifetime, offer-
ing great potential for future success[1]. Fig. 1 shows the current and
proposed QCS at the same scale.

Current ver. . .
Compensation solenoids  Iron structure

1P side

Upgraded ver.

1P side

Qcip

Compensation solenoids

0 05 Im

Fig. 1. Comparison of the layout of QCIP on the current and the up-
graded version.
2.From NbTi to Nb3Sn magnet

Several important factors must be considered to move QC1P 100 mm
closer to the IP. First, to avoid spatial interference with the adjacent
beamline, the thickness of the magnet must be reduced to below 2 mm.
Increasing the packing factor of the cable and using high Jc supercon-
ducting cable is an effective way to achieve this. Additionally, to pre-
vent quenching caused by beam-induced radiation heating the super-
conducting coil due to orbit deviations requires a temperature margin
of over 4 K; quenching occurs about ten times yearly on SuperKEKB
QCS, causing 2 to 3 hours of downtime. Furthermore, the filament di-
ameter must be kept below 5 pm to minimize magnetic field drift caused
by flux creep. To meet these requirements, a rectangular cross-section
Nb3Sn cable produced by the bronze method will be used.

KEK, Fermilab, and Furukawa Electric are developing a cable that
meets these specifications, outlined in Table 1.
3.Magnet configuration

The QCI1P coil, with an inner bore radius of 22.5 mm, is based on a
one-layer cos26 design surrounded by a magnetic yoke (Fig. 2). The
magnetic field gradient of QCIP is 80 Tm™!, with an effective field

— 120 —

length of 337 mm. The designed magnet generates the specified field
strength at non-copper Je of 2800 Amm™~2. The main parameters of
the magnet are shown in Table 2.

Table 1. Requirement parameters for Nb3Sn cable of QC1P

Parameters Values
Coil thickness < 2mm
Filament size < 5um
Critical temperature @B=2.5T >8.7K

Fig. 2. Calculated magnetic field of Nb3Sn QC1P magnet.

Table 2. Main design parameters of Nb3Sn QC1P magnet

Parameters Values

G: Magnetic Gradient 80Tm™!
L: Effective magnetic length 334 mm
GL: Integrated magnetic field 26.7T
Inner bore radius 22.5mm
Relative magnetic field error < 1x107*
Current density (Non-Cu) 2800 A mm 2
Magnet current 1700 A
Maximum coil field 27T
Operation temperature 47K

4.Development strategy

First, we will fabricate a coil using the actual Nb3Sn material and
evaluate its performance. During this process, we will perform cold
tests by assembling the coil inside a yoke that generates the same mag-
netic field as the final configuration using a mirror structure. Second,
we will design and fabricate a prototype magnet based on the results of
the mirror model magnet.

After fabrication, we will perform cold tests with this magnet to in-
vestigate the magnetic field quality, quench protection performance, and
critical and mechanical properties.

The results of this study will be reflected in the remodeling plan of
the SuperKEKB interaction region.

Reference

1. M. Masuzawa, A. Morita, H. Koiso, K. Aoki, M. Tobiyama,
N. Ohuchi, Y. Arimoto, SuperKEKB IR upgrade idea with
Nb3Sn quadrupole magnets, JACoW IPAC2024 (2024) WEPS74.
doi:10.18429/JACoW-IPAC2024-WEPS74.
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Sample cables

ettt #11(1 tape)

§ #2(2 tapes)

ww /¢

Current leads Sample cable (#2)

Fig. 1 REBCO round cables and a sample holder for the 4.2 K
measurements in magnetic fields.
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Fig. 2 Magnetic field dependent /. of the REBCO cables and
REBCO tape at 4.2 K.
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Fig. 3 Lift factor determined by I (4.2 K, B) / L. (77 K,
self-field) of the REBCO cables and REBCO tape at 4.2 K.
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Development of in—situ insulation reinforcement method for JT-60SA superconducting coils

BB Be, IR B, T8 Eh, SR OBE, FE AR R 5% EHE —iRED
MURAKAMI Haruyuki, YAMAMOTO Satoshi, UNO Junya, TSUCHIYA Katsuhiko,
SONODA Shogo, HEMMI Tsutomu, HAMADA Kazuya (QST)

E-mail: murakami.haruyuki@qst.go.jp
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Fig.1 JT-60SA CS and TF coils
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Fig.2 Spray method for in—situ insulation reinforcement
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Effect of Low Pass Filter on Quench Detection Voltage
in Quench Detector of JT-60SA Poloidal Field Coil
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FEIE 1 Vs), LIZR-oTC, 72Ttk Bl Tr—
AT ANVE O Z LS 5715 T, ANATR I AXER
T 2725128 28 Q LU T DA fiERe CHRsECc& 5 &2 #kht
BN DMENRH DL ENIREINT,

— 123 —

Fig.1 Circuit model for quench voltage of EF2 coil
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Fig.2 Analysis result of quench voltage
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Fig.3 Dependence of quench voltage on variable resistance
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Numerical investigation of unbalanced electromagnetic forces

on NI REBCO TF magnets during quench event
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SAKAKIBARA Riki (Hokkaido Univ.); ISHIYAMA Atsushi (Waseda Univ.); NOGUCHI So (Hokkaido Univ.)
E-mail: sakakibara@em.ist.hokudai.ac.jp
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U45m () Owverall view of the TF magnet system
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(a) Dimensions of the TF magnet (c) Toroidal radius

Fig. 1. TF magnet system model.

TABLE I

SPECIFICATION OF TF MAGNET SYSTEM MODEL
Parameters Values
Number of turns per one SP coil 13
Number of bundled REBCO tapes 200
Number of SP coils per one TF magnet 16
Number of TF magnets 18
Toroidal radius (m) 1.8
Operating current (kA) 313

SPcoil #1 8P coil #n

TF magnet #1

TF magnet #2

)

Fig. 2. Equivalent circuit model of TF magnet system.

IIT, Ly, By, n,m 3R, TF <7 %o hid> SP =

ANVJIZIND BTV, TF =7 32y MN' D SP 2V

TEALD LA TF <27 R MDD SP A /VjIZ oL D45, SP =

ANDE, TF =7 FybOETHD. ZOMHTRERIZ OV T

FRY P IZHETD.
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Study of Inductance—Variation Induced Voltage in Simply—stacked REBCO tape conductor
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impregnated with low—melting point metal Applied to Fusion Magnets
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2. Y. Narushima et al.: J. Phys. Conf. Ser. 2545 012009 (2023)

— 125 — 5108 20244F BERKFARIN o7 - B E AR R RS



3A-p05

B

250
o>

REBCO T— /&£ A AERBTEERDHLIVES M2 AZDRHK2
~ RERIVIREE~
Development of a New Diagnostic Method for the Soundness of High—Current Capacity
Conductors Assembled from REBCO Tapes: Part 2 —Experimental Verification—
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[2] A. Suruki, et al.: Abstracts of CSSJ Conference, Vol.106

(2023) p.75
Table 1 Sample parameters.
Sample name A B C
Diameter [mm)] 6.0
Length [mm] 100

Jacket material Aluminum alloy

Inner conductor material REBCO Tape and Aluminum sheet

Inner conductor dimension

4.0x3.0
(Width x Thicknes)
Ic [A/em-w] @L.N2, s.f. 475
Number of tapes 15
10% T T ! &l
(@ & [® & CEE
) g
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30— A3 =%
£ - s 4
M |
a 1
E':u I+ I 2| ] L4
= Sk Sk 4 °*
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Rmnp‘*..\ Hed € | SahC Sample B Had € s.nr;r.‘.i anple‘t’f Hird €| 5o |
Top [ B0 Tep Al a Top [ ] i
Mage | @ | © Meadle | A Midte | [H] 8 |
Bm | O3 | O Bam | A | A Botew | [ ] a |
109 Nowmgle | @ [ & Nesmple | 4p | © | Nosagle | 4 &
0.02 0.2 0.02 0.2 0.02 0.2

Amplitude of applied magnetic flux density [T]
Fig. 1 Experimental results. (a), (b), and (c) are measured losses
for samples A, B, and C, respectively.
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Numerical Analysis Using Anisotropic Conductivity for Calculating Hysteresis and Coupling
Losses in Stacked REBCO Tapes with High Current Capacity
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4. £&O
IV ERE HOTBUEMIT LV e T 2R R L
REEBRREFRL, ERMELOLE BT, FHRR R
IEEBRELTMEZ L TRY AFEOF R FIENEEE
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1. Y. Ueno, et al. Plasma and Fusion Research 16 (2021)
2405071
2. A. Kawagoe, et al. Plasma and Fusion Research 18 (2023)
2405074
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sample
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96
l superconductivity
v, yl
6
2/ x z X
Perpendicular
(@ (b)
Fig.1 (a)Simulation of a stacked conductor,
(b)Analysis Model
5
5x10 A Experiment SS=E=t
OFEM Analysis
o 5x104
£
=
72}
g 5x10°
2}
S
2
5x%102 £
7o
5x10!
0.01 0.1 1

Magnetic flux density [T]

Fig.2 Calculated and measured values of AC losses
under perpendicular magnetic field.
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A
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FEM Analysi
0.04 o nalysis
1 10 100 1000
Frequency[Hz]

Fig.3 Calculated and measured values of AC losses
under parallel magnetic field.
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Development of NI-REBCO coil system for Skeleton Cyclotron (Autumn 2024): (Part 1) Overview
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Fig.2 Photo of the fabricated NI-REBCO coil system
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Development of NI-REBCO coil system for Skeleton Cyclotron (Autumn 2024): (Part 2)
Excitation Characteristics Analysis of 1/2 Scale Demonstration No-Insulation REBCO Coil
System
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Fig. 2. Current distributions of USBC NI-REBCO Coils.
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Development of NO-Insulation REBCO coil system for Skelton Cyclotron (Autumn 2024):
(Part3) Evaluation of Excitation Characteristics of 1/2 Scale Demonstration No—Insulation
REBCO coil system
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Development of No-Insulation REBCO coil system for Skeleton Cyclotron (Autumn 2024):
(Part 4) Stress Characteristics Analysis of 1/2 Scale Demonstration No—Insulation REBCO Coil System
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WB[3], HTS-SC (&7 % —aA nndbbi=w, BRI
[ERH R CIIRN DT 3 IRITHNTEAT o7, I ST £
FTOOWE X% Fig. 1 1R T, BREALS OB, fisai
1372 89T SUS ThD, 1% REBCO tape Lf#E% SUS tape
EEBLTODER, BRI U7 =50 AME IS E
B9, LMo TWD, £72, REBCO 7 — 7 OB A
IS AR TH B LT-, REBCO tape, SUS tape, #iffitf R
1% Gap TR ELT, Bifil, BERT, - 0EFEL,

3. MRMTHER

A alOfEMTIE, FEBRTHEEL- 250 A FFOMERTE RS
L7 WG EB B LT O B & FA\ BT 24T - 12,
A VIR D RS S 5 A & Fig. 2 (=T, BT ICEE
W) D ARNTERRD L TFICERLTEY, RESIX 9 5138
REL, MEEER L TIEA TIZmooT, BT TR
e BB > TEB AP EL TOD, 2, BN
EEEMREIVDERE RS XA T, FROICER ETT
TEEEIATADTD Th D, BfE FH 0 (2AVE 5 H)
i 7] Fig. 3127 (E% 100 ff5 TRRLTND) , BERENT
DIRWGA M E T RIS 1A 2.5 MPa Thd, ZDLE
IS AREFERNC BD L, BRI N ORZ — 2 DL
7z SUS 77— s, 4 SUS 7 —7 DIMAITIG 143
WA TD, ERKETR DN HHT S, I 10 T EL
<FA2Y, B OBEOHLMTITIZ 18 MPa OFE T 7 1A%
NI ECTND, BRI DVER E T CHimE|0idiab{Ze
\ZEDEICLDEBZ 2 BND, GBI AT IR Y H S35,
ST
[1] 2024 FFRRIRIR L5 - B E S e A 24E 3A-p07 (2024)
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Table 1  Specifications of Main Coil 1, 2
Main Coil No. 3 4
Coil i.d (mm) 566.26 628.74
Coil 0.d (mm) 628.66 665.26
Number of turns (each pancake) 40 51
Number of double pancakes 4 4
Thickness of co-winding SUS tape (mm) 0.68 0.258
Operating current (A) 540 540
Current density (A/mm?) 92.31 201.12
R283.13 R314.37 Unit: mm Pancake in
5 2 Main coil 3
e —e— v 1q
| 16t
V1 =
) REBCO tape SUS tape
’ (0.1 mm)  (0.68 mm)
Pancake in
red Main coil 4
K—h\
| REBCO tape SUS tape
(0.1 mm) (0.258 mm)
Fig. 1 Cross section of numerical model for mechanical simulation.
4.0e10
=
(a) 2.0e10 3
00
3.6e11 __
z
(b) 1.8e11 3
0.0

Fig. 2 Lorentz force volumetric density of cross-sectional winding in
uppermost coil of Main coil 3 (a) without screening current and (b) with
screening current

(c)

| 2.5
(@) i ! 0.0 g
: : -5.0 -
(d) | ZO.OA
(b) | z
! 0.0 —

________ -8.0

(c) (d)

Fig. 3 Longitudinal stress of winding in uppermost coil of Main coil
3 (a) without screening current and (b) with screening current. (¢) and
(d) are enlarged views. The deformation is shown at a magnification of
100.

[2] 2024 FAKEKIR L5 MBS A M 24E 3A-a08 (2024)
[3] 2024 FFKFHRIR 15 BB P AL 3A-a09 (2024)
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Development of NI-REBCO coil system for Skeleton Cyclotron (Autumn 2024): (Part 5)
Normal-State Transition in 1/2 Scale Demonstration No—Insulation REBCO Coil System
Al BEER); B RACK); il g (@R ; ES N (PE
ISHIYAMA Atsushi (Waseda Univ.); NOGUCHI So (Hokkaido Univ.); UEDA Hiroshi (Okayama Univ.);

WATANABE Tomonori (Chubu Electric Power CO.,Inc.)
E-mail: atsushi@waseda.jp

1. [XCHIC

LIRS DOWEIT N A~DEDERBHEEN TN S
FEH o FUZESLIRIED T D o B RI (1AL RIER
[BIRBEEA 7V v A 7 a ha v (HTS-SC)
DO ZHEL, O 12 27— o/NISGEEHET v
T#% Ultra-Baby-Skeleton-Cyclotron (UBSC)FH #E{ai% (NI)
REBCO =iA /L AT A(Fig. &gk at - "IEL, WAl @ER
TEOFMFERZ MR K LER L TE[1], ZOH T, &
ANV AT AOEMEIRER (AR 8 70%) =T
b5 Bt CH GBI R Sz, EB%., BELN
FWELT-aA VERERVIN L, IREFEL DT,
TORERE (FD5) L LTHET S,

2. UBSC F NI-REBCO a4 LY AT LD L ER
AT AT AOFETCIISCHER1] THEE L7223, Figl I
FOWER Z 7T, RTOaAVITEINCER SN TEH
DIR—ER TR L T\ 5, HESEESEH S h-%E
BRIZ. JEhREHEE 0.083A/s T 250A £ Tl L (RETHKE
Uit 2 540A, 250A F TORMBIIABEIAYDHT), —HER
FRELTER LZEZAT, MIU X T AR r—F%a
AN (a4 vORNORK EEOEME AL Sk
Wl 2 384) \CBIENRE L, T0% L —EEBROE
FWEELMELIZE A, MU Z 70 r—F%a ()L
WP O BEN A L, EIEASHER L7,

3. ERZBORAE

.1 MUaqsL
BANCBIENREAE LI MIUZ TS r—F aAf L
mvstL, BHRICE D FARTRER. Fig.2@)b)D £ 512,
TR R —F% a A L OBRGE < ORANEFHE TER R
Roniz, FX@)E, YOROI #fif@iE o e (Fig.3(a))
EROA LI EEOEFEETHD, Fig2(b)I v Bt 7=k
G ORI DEAHE D BETH D, MIU X 7N
— X A NERERBERPICE S BERBREITO, B
AR ERRTE 25 (i a A A0z, BRNO
FrE OB RIE S 2 Bt S 5 Z & 23 A[HE) . Fig.2
DEFE LSRG OEE I SN o 7=,
3.2MUaqL

M2U XTI N —FaAf o, FEEICETH
B L VAR Z A, TR —F a2 VO FRINE
AT HERRERTAS B> h - 7= (Fig.3), Fig.3(b)ix. YOROI
RS DA Z S L T, BINBDRM 2B L= 5ET
Hb, ZOAANMIONTH, BEERP CHEERRZ
Tl fE R, BERE TSN O BRI HITBIH s e
Mmoiz,

HIfE, NI-REBCO =1A /L3 AT AEhlsH o JEfk B IR[2]
RIS 3T DN - TS EIT > TV D, B HETICHE
LNTERERIZOVWTHEDLETHET DL TFETH D,

ARBFTE ., BHFE FARAFZE S (18H05244) B LA B
(22H01478) DB EZ 1T THT»T2b D TH D,

s3u ["7— Current leads

Lower coils

Fig.1 Overview of NI-REBCO coil system for UBSC [1]

Fig.2 Deformation of the outermost turn near the electrode
of the lower pancake coil of M1U.

Fig.3. Burnout (?) in the lower pancake coil of M2U

SE X

[1] R.Kumagai et al. IEEE Trans. on Appl. Supercond.. Vo.34
(2024) 4400705

[2] #TJLL, 2024 FRKTRRIE T EEE AR ES,
3A-p09
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Development of No-Insulation REBCO coil system for Skeleton Cyclotron (Autumn 2024):
(Part 6) Design optimization of multiple REBCO sector coils for Skeleton Cyclotron

IWF & W &0, MRl B, R BRR, & &%, ME LK) ; o Rdik);
SE Bk BH R RK); Al B (EKR)
YAMASHITA Aoi, HIROTA Yuri, MINAMIMAE Shunsuke, INOUE Ryota, KIM SeokBeom, UEDA Hiroshi (Okayama Univ.);
NOGUCHI So (Hokkaido Univ.); CHONG TsunHim, FUKUDA Mitsuhiro (Osaka Univ.); Atsushi ISHIYAMA (Waseda Univ.)
E-mail: pitadsxf@s.okayama—u.ac.jp

1. [FC®HIZ

HAMES A DIRIREE L THIFSN TS a BN AR ED
RANAE I AEMAE LR B2 0, /N nEERE LTI
MO (N BB 2 J O - R AR S B (HTS) =2 A L &
L= Avbhy s A7y (HTS-SC) AR R L TWA[1].
HTS-SC Tid, B — 2L THHE2D azimuthally varying
field (AVF)% REBCO A /LTI 5, —fREIR A SAT L
t X —ik% REBCO #bf THRIITHZLITHLL, U7
NI E— IR T — LER N R T DL ER DD, A
2T, ATV 2 =T L RSO — L EH/ ) A HelR:
THFT N IZ—Ta LT, BEEITIBTE AT
BB I —a ANV AT LEREL, UM ERFELTZDT
W45,

2. REMED =B S

A rabrr @A T, azimuthally varying field
(AVE)EMEE NS JE 7 258 BASHRES D) T 45 4 & T
BRI HZET, I A DI 7 WA TRL 2R RS
5. ZOEERNOBECTH LN —F e ARE v, 13k AT
Hzbnb,

v,2 = —B%y? + F?(1 + 2tan®¢)

ZIT, BITRAOEEENROEED, yidn—L V%
¥Chb. F2 137794 —T, AVF ORGOE =4 £ a1z
T, F?2 = (B - B)?/B? TEREIND. XFTO EO—IIAEN
B ERT, € (TR TIVATHD, ZOXNHONDBLED
W2, FiO&EIEIZTAT-OICF? L tane Z RELTHIERN, B
— LERTIIMAEE D, $AEka AV TIX, SkORMEE A/ A
FINVICRITIN T A2 ETREZ tane RELRL TWNA. — T,
HTS-SC TliX, B/ X#—aA/LC AVF 2508, 23147
VTR IS negative bending % 7 2972 REBCO #ibf 2541 4
HZEIR G TIER, ZZT, FVT VX —R (tane = 0)
T F2 IR AR D E CHER N AL T2 0%
PET D, RIS T ATREI RIS 34 T D,

3. EHA—aA/ILDEEE

HTS-SC 1, & 1\ T30k~ e i HEhaz e
FHMIELTWD., s I —AE R r 12k 5 v, OH
AL T OISR EL-

v, = 0.7071vVr — 0.18

b KEARREZVELET D HE 50 MeV £ TIET 5720
D% 7 2 —aA N ORkGEHEEEES LT, Hill #57& Valley
AT ER SR A E L, X —a VRN T R XR
AL K1), £ 1OARTHEATIdIcEr 72—
SANDIEET DB A ChD. B/ F—aA( 1>
TR DO REESEEZDZLITTEDLD, BN OHEE%
BRDHZEFTERWV, 26D BAERGEIL R — kot s #
—aA OB CIIZEMICER TER, 22T, (DS
R ENIIR O BIpBEE DA NEN T, FREHE0T,
Q)ZDOBE DI Z—aA )V ERI BRI T 52 LTRSS D
EEEHIETDILE X T, ERORFEREZIZLT, 2 2D
A NVEFEFOREIHE—afVEFFLIZ (K 1(b)). K2 1%, &
I OREDIL 3 >OX—7 v ez L Tnb. K&
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H—af )V OEREEETESHILT, HEEZFHHTED.
R LTeaA AV E, B RHE R T ELE R R A O CREEL
7o, NR—=Z b AREEL, IEERY 2l —Tar 7 —7n
7' OPAL ZEAL CTHELRE. (ERORFHEFIREDH
FHIBITAR—Z AR RO R A 3 1R
HREF DR ETIL, A IANVTE R ML & LA
IpAAL ANV THHEREL TN, Fik ez BV TR—H b
ORI E LD T, ELIZ LD,

# 1 HTS-SC Ok

Energy B e (T) _—
Ion (MeV) @0.5m B (T) Applications
‘He” 36 1.732 1715 *!' At a-therapy
*He™" 40 1.826 1.806 At y-SPECT
‘He™' 80 2.589 2.534 K-number
H 18 1.232 1.209 PET-CT, *°Ac/*"*Bi
H 30 1.596 1.546 BNCT, ®Mo-""Tc
H' 50 2.071 1.966 BNCT, *Mo-*"Tc
D'/H,’ 40 2.589 2.534 BNCT, *Mo-""Tc
E ! 4ye2t
=] 36MeV “He
2 o8 | —40Mev ‘Helt yd
g | —80MeV *He?*40MeV D* SR
2 —18MeV H™
&P 06 | _3omev H-
% 50MeV H*
& 0.4 /
£
2
< 02 /
E] sector-1
=]
g 0
BS 0 01 02 03 04 05
< Radius(m)
(@ \ )
1 (s —aAVOERE;, (b)FHREDO2A N
= 1 +
1 50MeV H
o 08
‘s o 30MeV H~
8 -
E‘) 04 18MeV H
= 02 . 2
E‘) Current density (A/mm?)
§ 0 Particle Sector 1 | Sector 2
< 02 50 MeVH'| 425 425
£ o0s 30 MeVH | 300 290
£ 08 18 MeV H 220 200
< Radius(m)
2 BEE ST X DRSS AT DAL
08 . 08
206 2 06
5 5
304 5 04 /
E PN E wos”
c 02 = 02
g 2
g 0 g0
5 o}
R .02 — o R 02
04 Complex number 04 Complex number
0 01 02 03 04 05 0 01 02 03 04 05
Radius(m) Radius(m)
(@) (b)

3 @UERDEREL, (b)FTREDAANEGTDzIF A DN—H
M AREE D2

SEXH

[1] H. Ueda, et al. I[EEE Trans. Appl. Supercond., 23, 4100205 (2013)
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Characteristics of MgB, DCDC Boost Converter for EV Ultra—Fast Charge
Cooled with Liquid Helium

AH RAI(EEKRS); HEH EE, 8 FMKEK); FE B (NIFS); EE mARES (b k)
YAGAI Tsuyoshi (Sophia University); MAKIDA Yasuhiro, SHINTOMI Takakazu (KEK); HIRANO Naoki (NIFS);
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1. [ZC®HIZ
T ARLX —HE IS K ONE R KF‘%T CO, HEH AR D55
% EHTERY, HEHIHlCi, _n%+KF%®4&mﬂeft@4

UARINMIRED, BRI OHEHEDI S S5y
FEOLIBEFHEOHEHIMHEIXTEETHY., Eectric
Vehicle(EV)DIE K N RH)THD, Ll BV FEERRE A
e K T AEE DO OEDIT2»>TEY, B FEERORE
B IMETHD, HARTE R L QD EGE T B ;t 90
kW K 200 A THY, BHEH 10kWh O BHFZHAEFREIC
DRRE TS5, 2022 FEI2IE, FEEOBHFK CHAdeMOB 0
W LTz K 350 kW DR EFEFEN PN H72E | L&
REH D FE B TR O RIS TDEV FE B O B F8 23
LCNDA, BHZRHAR DR RIT 90% % B2 DL DD, FEEN
LR E  BEFRBETOLHRITT R —LHl

BRI HIR T T 2720 @< bz, EHIT 150kW
VL ETCIIREr —7 VOB EBSAET N, TOE NI LR
MRITEEN TR, ZZTARZ L—7"TiL, EiE 200V
DO KGR E (PV) BANLEBEEVICHEL CA MR
HaED s, BB EEROE RIS —T VG HE
TR PHRWEEEDCDCaY N —H EH =10
FL. BN -mRIEBRLCHEET> (&, /U7
75 A 58mH D MgBy 24 /L CAJ1E ] 15kW E£TD 2 f5H-
JEEERZAR AU DG HIGAETITVY, 12mH @ Bi2223 @A
L (TTK) T 12 kW ETOREE B Lk Lz,

2. BEBRF MgB, DCDCa/A\—4
MgB, BEHAA N E2a N=F DA Z 74 FF L LT
BARBATE, ZDIANE 2021 FREICART L—T R

F MM EIGAFRIT T 600A EHBERBREIT>T2b D THD,

Fig. 1 1%, MgB, 2 \—Z[RIIE O/ EZ DRI TH S,
(Bi2223 aA V% AW E I DWW TIEL)

W supply
1 300V, 450A

s + 750V +£200A
(Cc, cv, CP)
300V LHe - 310
450 A | A, (CR)

J_I_:Mgaz @ow > L #
L=58 mH IGBT

Fig.1 Photo of superconducting DCDC converter and its
circuit diagram
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MgBa A /VIE NS - SMEH L 4 400 mm, 606 mm JEA 11
mm DX TN —F(DP)aA V&3O HE A CHEFEERL .,
AL FZ DAL D3I 58 mH, 20 K DEKEITIL600A Th
% [2], 4.2K OzAL e IFHEET 1.6 kA x5, — 5
Bi2223 1A /LIPS 100 mm, 243 #—> @ DP THY, 12 mH,
T7K JEFZ T Ic 1% 109 A THD, —fxHI72 DCDC ://\‘—57
WIAH IR EZFDOE LA KEFALDEHLL, @Rz
AA T T TR E A $L 100 kHz | _pxﬁa“émwﬁxéﬁﬁb
5, L BDRELKERBEEMELBELEIALTIX, 20
1/1000 FEEDE TR0, i KL i/ MRICHZ
biLd, AAvF 7 HR/FITEMED IGBT %, ik L
T 300A FEEWERGE/ R/ NT—F A4 —RE W, AfvF
2 W H% 50~200Hz (Bi2223 1% < 300Hz) LU T 2 {EH-EL
L7z ZOREILPV H 1200 VEASELTEV NyTU—%
J£ 380 V EL EIZL THRBTHELBE LI THD,

3. EERHER

Fig. 2 1%, AJ1TE 1< 15kW THERBREIT -T2 BB R
[%] OFEETHY, Bi2223(a)k MgBy(b)ili 5 D=1 R —Z B
Z LTS, ARHTEER CC T—FTiE 750V£200 A
BRE AW E, Ny TV —FBHUCTWERP CR £—
Rk 1.7Q, 3.1Q07 Uy R EHiE W, Fig. 2 DOBL
RO~—21%. K% CC, CRE—RIZHIGELTWD, K~—7
DRI A N [ \THRT DA VER (= AN ER) Ok, 3
RhbARRERL TS, Bi2223 12 AS1E ORI LE
WENERAMIRT L, 23 2 AR TN TR 2355,
—J5 MgBy 22/ —2—3 95 %I nZE LA OB REIEIE
I TERL T, RZTIRAD RHELY TIIsk W O &I
LOMEBZRN28 . 500 W (10kW D95 5 %) 12T 5480013
EANEFAAN Y TF U TR IIREHETES D, il CTILSOIZEEM
IRIRHTAE B Wt %,

Fig. 2 Comparison of efficiencies of Bi2223 and MgB2
converter vs. input power.

SEXHK

LA H M, 2024 4R B8 R FRIE L7 BEE Y,
1A-p04.

2. T. Onji, et al.: IEEE Trans. Appl. Supercond. Vol. 33 No.5
(2023) 5700105.
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Evaluation of Thermal Runaway Current of REBCO Stacked Conductors
under AC Conditions
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1. [XC&IZ

REBCO RHALGERZ ST DO E BRI, 2ZWEHER
SNV ABEOLA T, HE THIE LR E L IR E
SND, LU N AL EE FASEL RN S5
:f‘: Mz, %?ﬁ’\%ﬁﬁfi"]*G:iﬂéﬁﬁ?@%%ék&b\ ARV

WEMRORERALZEENIERETHZLTEETHD, K
PR CIE. BEETER L{H L. R ZERBED A ORET,
ZORNEERR T, T8 | RO EEREZHIEL, %
DOFERBEHERBD T ATE B TEHILE R
u:o WIT, T— T MEEA LT B RO BBEEIT DN TS

L2 KRR DB EE AT E LT,

2. REEEROHESE

ARFIETIX, TT°, M 1 OB EBREHEE LIz, 20
FETIE, EERR LR BB T D M A SR D, FEER
L BT m— KL REIOTE LT, IR IE R
YR A T D & & O AR BRI O 2 R AR S 1E . HEAR W D
Norris OF R TRIE TED, MAMRHEL, IRIEEFROEH
PSP M A Vo, BN A AR DRI E L TR
L. EDORZEROFBEP D, 2EmNDHDHEE A ORREIT

RIRTURT 5, 2 DOMBENREZOE2WNGA L, BRI
WL, BAREIZED, 2 DOMRIEETHLEDWMEBEIREE
FAEEW Ira EEFRLTZ,

3. ERAE

LY 7 D85 A—F% Table 1 \TRT, #6142
DEBRTIL, BMIET R CERBERHLILSGAL, —EDORE
SO R OHWEAL TR TFHMNLORELRHE LT
B D2 5= LUz, R E RO LTI, M 2 REER,
‘Z%t%?“fﬂf“ﬁoto PEge O PP LA R O IHLA BRI

%ﬁ%%ﬁuﬁ“ét 12,2 ROME LEFY — RO
E%ﬁ SX TRl M TR IR 2 2 T A O E EAT

72, %;h%zkw) HRix B EERCICLZE —O)E 2 %
(CLTEARE—(NUYD 2 /85— BEfiial%k 1 [@1o> T1 & 5 [0
TS5 D2 N\E—U %G DE T4 — b,

AMET, 60 FFHHKEICEIED RN EEMHERL THD,
WEERE BT Q0o 60 BEOMEET, 8K 5% 1
AL LTEE B LUTBEHE LI L& DO BIRIERZ AR E BT S
L7z,

4 BHERBELUER
K-S D EBRE LB R RS A Fig. 1 \RT, Ml B SR
BRI ARG EEROBE ., MMl R EREE-TE

— 135 —

D, <O, O AIFREGHEL, OIMBEERAIEZEL TND, B4 1
KOV TN, EERAEREHEEROEN S%LLTER
STEY, I—BLiz, ZORERD D, BEFHIC L8R
BIOHEENFTHE THHZ LD | AHEEEOGHEN
IRENTz, T2 2 AEFELIZETOT T VT, 2 [EORR
EBIEL MM EL CHAE LR EERIVL/NSWERT
BaELT, %/L?R#%i’% LTz DR —|ZLT=b DT
TEEAR BB TT 2 < R T o0 BB SRR R . 0D 38
b\f“%ﬁﬁ%%ﬂio

L EDZENS B Z LD E BN SRR [ 00 8 & A ik

RBUCE DB, BBEBRITEEBL TODILDVRE
ns,
5 F&H

REBCO FEEERDEZEBIRARE LIRSS, MR
JORWMEE 72572, ZOFE NS, KEEEROBE BT
IR AR R B IR D AN BT A EN THISNS, IE:{}IL

THIE LG ERZ BB LT RS EROWRELE TIX
FEMWMKFHML TLE IREME DR DD EE TR LI,
Table 1 Sample parameters
sample Single tape | Stacked tapes
Sperconductor REBa,Cu;0x
Thickness[mm] 0.048 | 0.096
Width[mm] 4
A] @L Ny, s f. 157 308
Number of tapes 1 2

Fig. 1 Critical current dependence of the ratio of thermal runaway

current to critical curre
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Study on higher current capacity and system configuration of SMES cables
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1. (XLBHIZ

Tz IZZNETIC, TRVX —HTEtsiEE A+ D8 g
— 7L (SMES 7 —7 V) Z4E R L TEY, B kA ks
=T NZEOLONEE R RET R LX — DI L H ) A8 E)
ZRIEICRERCED AR L CEEEN, — 7, ZhETici
VELT- BT A —T /WS — D HERE B LT 100 A RO
MARBICEEES QWD 22 TARIFZETIE, EHB L~
DEORAHO B E LT, BH OB EWINER LT kA
WDET N —T N EBETHEEBIT, RHEARFOT A
T LR E BRI O TS5,

2. ETIVT—TILBUE

SUWELT- BT VA —T7 VD EEA Fig. 1 ({TRT, fEfgLiz
4 mm 5 REBCO ##f% 8 ARFFILT 33 #— &ML, &
MEA 123 m LUz, ZNENORRUTERY — R BT
FEBROMT, FRTEOREEL M TED LI, Fe,
FHRICTENZNORMO B AL H I H L AERELTED
AT RTOEROH CAF 75 A5 9.80~9.91 uH O
PRI E-TIRY, B IOBMH TETNDT LA MR LT,

3. BTN —T L QYT

ZOFET N —T N RKEI R N OREERITRIEL,
VUit -1 Lo TR - BRI AT E LTz, 2Ok % Fig.
2 IR, 8 ROFHAEIFN R L CEZIT 72 AE 5%
@ CT/RLTNDA, HAL TS 1.2 kA FEIRO R R OEFE
(128 kA) Z#HEL Th, WTNOFRITHABERELEDIHE
HEEBDDHIENTERD 2T, T T, 8 ROFEMAESIZ
Bt L CHIELZRE R A2 O TRLTEY, ZOBEDOE A E IR
DEFHEIX 1.56 KA ITIELTZ, 16> T, D7a<Ed 1.28 kKA D
T BEIIMERCX, 1.56 kA OB LIAFIL, kA
WDET A —T N OVERNZ D TREILTIZE 25, £72.
ZORED 50 mT ORI FIZIBITHZNE LD HHRDES
FETREIL 186-207 A DOFEFHICHY . — 7 THEALTZ#A
BRI 196-202 A LRSI TNVl lb  IRTA S
R DFRRD /AT +—~ L ZARBEILTNDZE RN D)
Do ZHUT, AT —T NN OBEBRIEE TV TIE, BER D HRAL
DT =T EIATITDAZEITEK L TNDHES 2 B, AR
HERk > SMES 77— 7 )L ORS00 — 5 £3TH D Ths, Fig. 2. Current-voltage characteristics of the model cable

KT ZDFEF A —T 98 20 K £ CAHIS 40  measured by the four-probe method.
FERABEEBEL, EEN 1.5 km HHZEERELIZEDON
—RU =7 L —TRBROR R % Fig. 3 17T, KEOLREE
PHAM OB IEE R —T WAL TTHZEETRE
LTCWD2S, ERE CHEL T KRB H ) 352582
272 DR 7RI Th . BT BRI S 72 <P 2 o0 ) A3
JRITHITOWDERTF oD, Fio, MEBENLR THEE
JEIZLEDbDEGEL RET NI —T VDO E AT I 52
AZDEGFHE (4.99 pH) & W CEREIZZ RO T FEL, JE
EEIEFEARICERY | HRITEH CEAZENPLN LI oTz,
B AMFEo—EBI%, Qatar-Japan Research Collaboration

Program Grant Number M-QJRC-2023-317 &R} 20F 72 2 i B
4 (JP24H00320) IZ LD B pla A5 THT > 72b D TH D,

Fig. 1. Photograph of the model cable.

BE XM
[1] K. Higashikawa et al., SuST 37 (2024) 115015. Fig. 3. Results of a hardware-in-the-loop simulation for
[2] K. Higashikawa et al., IEEE TAS 33 (2023) 5400405. discharging operation of the model cable.
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Magnetic levitation using HTS bulk magnets and non—contact stirring using a small refrigerator

] fE G2 ToR) s BIAR =0, 491 fhdE, A IEE, BEAN A, L FskCEFIR); B EECEH TR,
Mg GF— (e~ FI7R); B B —~r7ayr)
OKA Tetsuo (SIT); SEKINE Iyan, KIKUCHI Hiroki, AOKI Masatomo, TEROUCHI Takuto, YOKOYAMA Kazuya (Ashikaga Univ.);
SAKAI Naomichi (SIT); KATO Yoshikazu (SATAKE MultiMix Corp.); HEMMI Tomokazu (Thermal Block Co.)
E-mail: superoka49@gmail.com

1. [ZLBHIC
IR T I 7 ~O%P R ELTHARTHHANBI T O3 Magr;‘,‘;
NRHB[1], EE DT I — R LT DI D VE Y

Magnet

Digital scale
Belt

A R L M TR MR RSN T, Je Bk L S = =
BRATE B SN TS, BIREEE A/ LTSV e | voke
) IZLDERIE HIXE O B OF LI R IZ 2 ORE vessel)
PGS TELN, ERO LN 2mENT 5721 TERA Cooler
WA % FEREARTE L CEDRHEICT SIS A~ AT RENE D R
SHTETz[2], AWFFETITIR IR ZE TR, B i e
NI AL, SV TR DT EREE AT L7,
2. RBRAE Fig. 1 A bulk(ar)nagnet and the magnet sysgnt:e)m using a Stirling

FEERAEE O Z O HNE O E A Fig, 11K cooler (a) and the illustration of experimental setup for
o 7V G123 REFESHFRROT IR TH D, Z horizontal drag force measurement (b)
N U — 2L —1) 7 fy i CryoTel-CT (11 W at
77 K) OWBENISRERT — 2 2 LTI AT B2 R
DWEA 58 K ETHEILT, MEICBURAE -5 R 0
PR AU CIRAREA (¢ 40X t20, 0.425 T)1 %% = e
BBy N LTz, Fig. 2 108551 6 B %I e liR 50
FE 58 K \ZiELTz, HIARIEIETCAFICE #E> T2, i
% R OBIEABCT20 . Fig. 1b ISRTEICT Z7UMR g =
TEZD LT HiESFF LI, MIECEHIROT VA Ei £ W
FANE D BRI, = = =

()}
9:35 12:00 14:24 16:48 19:12

3. EERER Time

Table 1 \ZACEHL) ORERE RO %7, AKEHLIE Fig. 2 Cooling curve of bulk magnet system
BT OB O M2 BT HEHE 2 B, EOHPEK
TR EENEETHLN, BIIEZNLIXRBETHD, Table 1 Horizontal drag force/stress
fﬁia“—y@;{ﬁ%c:iofx 1%%éﬂf1%éiwfgi:\;’\’/7oli No. | Spacer Air gap Horizontal drag Horizontal drag
AT 5, T TR/ NENEKEF T ELL EFHT5, (mm) (mm) force (kgf) stress (N)
R CIITE EX Yy T IS E SN T DRENRH DT | S 1| 1 10 1.015 9.947
Xy T M BETH0, FlIZIEF Y7 10 mmTOREE 2 | 1 9 1.001 9.810
1%9.947 N THY | FRFHIEUETHS 9.523 N & LAl-7=, 7B, 3| 10 8.5 1.013 9.927
BIE A L= LYEREIT 10 N 22 TR, SRlothz 4| 10 5.5 1.730 16.95
K& ka7 (FH No.5*) Zenb, 7L OVEREN s+ | 1 10 1.05 10.29
LEDLEIRDLILD, * Nippon Steel $p60xt20
4. $EEm .

RE =Y 7 U RS KO HIL | BERTR LS E T ARG Strring plade
% JEREMAR FRER R H 2 BR O 7K G ) A AR 720 E 5 Nd magnet
FOREGL . RS IS O ZEWE L7 HPERE A HE X DIERE NS5 Vacuum case
M, ZRURIEVIERO TG AL R, U7 F Rk Bulk magnets
Ll Ry B~ ORI TR, (inthe case)

Cooling fi

E§ﬁ$ A _ YD 3 A AL o s Stirling cooler

ARIERIT DTN 3 FEICPESNTRBEEEEOT a7k (in the frame)

(025 B%E « AL PE IR RGBS ) (B L THEiES T,

Ventilation fan

SE

1. https://www.meti.go.jp/policy/mono_info_service/mono :
/bio/vaccine_development T2 > BHFE - A£pE (il 3R L Fig. 3 Drive unit of non—contact stirrer

2. FEHEAD, BEREERMIIES ASC06-48, 45-48, 2006
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Consideration of electromagnetic characteristics of superconducting magnetic bearings with

ring—shaped permanent magnets with different magnetization directions

and laminated superconducting rings

SRS, T E-EORKR); KB IERR ()

TERAO Yutaka, FUCHINO Shuichiro (Univ. of Tokyo); OHYA Masayoshi (Kwansei Univ.)
E-mail: yterao8934@g.ecc.u—tokyo.ac.jp

1. [ZLoIc

8 FE AR S A7 | I AB BB R LK AR TR OE v kD %
FIRL., FEEEARO S HEZ R HIH 72 L TR EL THRERIE b - [
RS [ RECHY ., [MIEEHE I 1 DEEBIR DR IR T& 5,

Tk 2 (TABEEAEY 7RI LU TR AR (PM) &
FLAE DRI ¢ 140 mm OBERENZ ZHERL | [FIHRFF: SR
FERELHRRUCTEDN), BKIFETIE, V7m0 5
FF N B L Clil7 M B e B T B O & OB 15 0
EWIZOWTEE T RA2 WG 15,
2. O140 nm DB EERKEHZTOME

Fig. 1 12, £ T 2B B ERKINZ OB SXE25R7,
Faraday Factory Japan 40 12 mm SO THY | R E
BT 412300 A LU ETHD, FBEERO ERREBS D
12, ZELSE E RO T E I L CnD, ThET S ZIRITE
UWVTHTRL . AR 64 mm, #ME 140 mm (255, — 5. Y
AT (PM) 1, PR 50 mm, #ME 60 mm OO 8 E
(I 1 75) B LI, P 48 mm, FME 60 mm OFEEST [A1 51
(X 1 47) > PM Z{ER L, 2 FEHOBR = 25T 2,
3. ARERZICKDIEHMADEFTETIL

F£9 Fig. 2 ITRTHRIC, ARERIEMHY 7 THD
JMAG-Designer®\Z T 2 IR TLHIX FRE 7 /L AAREE - FRNTAAT
), AR AE 7y (SC) B Ze K Mk E L AR A (PM)ASH L
WZHBEEDRIIVRT oy VRN R CE ERETD
FTEUIED R T T DA ST T L TELET,
T2 YIIINL B OREHUER 43 4% Fig. 2 O S5 I25E
ESETBE, KABADLEE EHANK 1 mm 3708
ST HE D2 HIBLK AT AN BB % 2 DDV
U REAIIKRIL TS,
4. RS R FARABHADENER

Fig. 3 1Z#l 7 )75 1 (Axial) & UM 5 1R1 5 14 (Radial) DY
TR ERBBSE TV o7 GE D-2 FFRDAT AN OfiFT

Laminated
Superconductor

Fig. 1 Two kinds of superconducting (SC) magnetic

bearings using different magnetizing direction
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AZ

Displacement

PM

(2]
(@]

Thrust
Force

Vector Potential Boundary

1
Fig. 2 Two—dimensional axial symmetry analysis model
50
45
40
35
30
25
20
15
10
5 —o— Radial

0
0 1 2 3 4 5 6
Displacement (mm)
Fig. 3 Thrust force of the two superconducting magnetic

bearings using different magnetization direction

—o— Axial

Thrust force in -z direction (N)

FERER T, IO T MAERDOF R 2 (F9RRERT)
MBS, 4 mm DOENERIZSIAHERL | 7 A RE O
DB NI T HZEN D, Tk, BEEEANIC
I FESTWD L [0 35 BEORE T TFROE L 118 13
720, — BB DD PM OSEEA -z A
B I AT ZETHEIIREDIRNTLEN, IRFHE-TL
FoltbDEBEZOND, — T, BHFWMAERD PM IZLDH0
JIRRE 4 mm 2 A THRETERN ALV LD ST DR
HFRDO BB FH M REBDGEIVb Lo ldZn kD
RUHEBENEZ > TNEEEZEROND, MO S £, |k
FLORMTHRE RITINx , EBRFERFL R T-ARFICEALTUT
G BSOS - #aR T D,
B

AHRFIENEE N TR B BB BT = L — - BE TR A
B JEHAE (NEDO) DZEFEHEFS (JPNP14004) &L THHEL 72,
& >0k
1. Y. Terao, et al.: Applied Superconductivity Conference

2024, 2L.Or2B-02 (2024).
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Study on a selection tube magnetic separator using a paramagnetic fluid

=i A, BPA B, TEUE R (R LR
MISHIMA Fumihito, NOMURA Naoki, NISHIJIMA Shigehiro (Fukui University of Technology)
E-mail: f-mishim@fukui—ut.ac.jp

1. [FCHIZ

K& B IR ) BB AT MRS K& S AT il
WYE I, BEEEIZLY RIZREFTEL O LEIZE LKE
DEHRIER L Ir o7, LT, £ EOHE VS DR
YeMTHOAL, TOHEERIT 1200 5 mi THY ., ekl oy
BREOHLEC, (RERBICBODRH L0, Gt
BEOWRACIT AR CTHD, O TR ORZK A B
TLART Y DL e AT VW ET A NEFFD | v
TR R T INRRORE LEEY) (S —3F 2T A1) BN
W CE UL, SORBBAIZ D72 BHEE ZHIA[ ],

ZC RO /NS BEERL T OBER Sy Bl E DS W A S
NTND, FREERL T ORER T BEE ST LA E T2 m
M, FOEA CEHaRNe B EER LRl 2B E T HE, B
ROTBEEE LU CI, CEDEV RS2 A Bl R
B BIFHZENTEMICITRDOND, 2T, BIE, Fx i
RS RIS U TR O C & A3 IR B 0 B
DBIFEELED TN D, WAL TIEE LT, WO MESEAR
&AW E R BEEE T L0 TS 15,
2. HABHIK S BEDRE

SRy N e O e el N 751 B A VAR 1 RSP s it T
TSR LTV EZE IR O R E L OBIRICEY KT
TERT 28 1EFIHAL T, b2 hifRIC L > Cipl 5%k
& THD, WIKENORL 12, FRICEDRT 7 ) Fo, &%
71 Fp ) Fg MBI, ZORL HI/ERT 568 &R (D IR
T, T, ZORD B (FEZEBR) OFRIE vh 0 ELIzEXx
WPV DRL T OISR v 22 (2) 1R T,
ORI vy 1T LT, IINE D EEHEBIRLEE D
FERERASELZET, RIS EfEE ) L0,
ENICERET AL,

oY)

(@)

T r TR [m). pp (TRIAF D [kg/m?], peldhi
FOEE [kg/m3], 0 IZTRIRDOKEEE [Pa-s]. veldFi AR DB E
[m/s]. vl 3k 7O [m/s]ZR~d,

LREOWIKE N T RN LB IRIEE e TR T I
K[RNEVERSEDE, KT T TERVIRNESLIRD DT, it
KD STBEEIC B L, KB (0.5T~2T ) THRIR
BENFREE 2D,

3. BHMRAERAVEATHA N BEEORE

B LRSI B LT LNE RN RS BT ALK
Wtk Z R B OA T AR DIRE W, B e Lz,

IREAFEBARE L WIKE R T BEZTTO & B NITRL
DREL B REMEZ R B AT A%, B R A TRICHE ST A
5l&ND, BT TANERT AGISIDIEIE T, T ORE
(RN ) 11 BT T A —FRICERE - 53T LT D720
B TARBEIATND IO T AL B3 AR 0%
BEICHEFET DA DY, BEONRE LD,

Fio, ERICBWT, BOTTAIEBERMICERS N,
FOREN DRI AT FAN RO D7-0 R
7B TADHEREENZ AT HZEITRNEETH S,

TIC, Fox i WIKE N OAVEEBAR DR 38 % 1 A5
LT, R OE NEN RO SEE ST,
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BRI, BB R AETRICKIL, ¥R EE R RO TT2
WIXBI D, B2 7R3 i T A IR I BMER 5%
I KL TCER A5 Chi 7O % V LU G A
71 Fm — Rt R CERTEXQ) 7D, ) O O VEZEME
IROBIALER 4 DEIVE LR DBELZE yp ol % men
2 D] C op sitarmoz << p meanz2) (Z7IRDIEINT LT,

©)

T VTR A ORI,y i TTAR DA LEE o 1 TR DR
. BIIINBENIIRS [T Ch D,

B TACPEPRI T8 125um, FERLER 3.17x104) &
Fita 75 A CESRL 788 125um., IRFERGL 2 —0.86x106) %

JHN=, VE3ERICIE, B~ o 1 ARKIIR (F AT A

MnSO;4+5H20) Swt% % Tz, BER RFEZ V., £ E o
i EWilR~ 2 KR OB RN EEATV, F DI
(WAL ZPRE LTz, LT IR E R B8 450k
T DN B L OB BEIC SV COfER F2ER & I hE LT,

FEEREEE LT, NEE 13 mm, £ 40cm OIFE AT B A
FWT IR E 2 ERU T2, WK O @S 20cm OALE ORI
2, B RBEAREE 1.3 T OKAREA 04 B L7 KRG,
SEEIUEH 1.3 em/s THEBE~ v L IKIEHETRL . FALE D
TT AR A FINE ISR S BT, OB, RIKE NERC
IR 115 (SUS430 Y #RAE 0.6 mm, 20 Ay =) &
TZADEREREL THLE LT,

TOEBREROEA (BH) L4 BT 21 DE N ik
FEAINZR L Fig.1 1R, ROFERIVRT LT, BATFA
I, B ISR A S SR 7 VA IS T, T,
AT T AL, DFRIRD R INC T OREAT &SRR D45 BEAR
W& Tz, B TALE O T AR A DRIV, R DMFAE
L2V DY | KEEEBRE LTG5 Iy
BEDM TN TWAZEIVRENT,

Fig.1 Schematic illustration of selection tube magnetic
separation using paramagnetic fluid as the working medium.
4. F&O

AL T, AEEBR OB LR AL | WK E By
HEEBRZAT o7, ZOFER . BN TORRLA DA RO

S Z DT LT LT, A% OBEEL T, EHEZ T,

BNIALEIRERR T SREA L LB A rT e s 3
HZEThD,
SE
[1] A.Nagahama, et al.: Abstracts of CSSJ Conference, Vol.
104 (2022) p.149
EE
AHFEIL ISPS FHIFE (24K 15358) IC LD B A 52 I £ LTz,
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Applicability of magnetic separation to CRUD processing in BWR decommissioning
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1. [XC®HIZ

Atk BEILEE IS NDIR T 1177 hOBUTEEE S
LT TN EBLZLDES DA TWAL], 201947 A 1 HE
1E, R 181 . 78.1GW DR 4E A K A= 1R LT, iz,
TP FE 40 ELETHE, 2030 FEFTITESIT 207 &
23, 2059 FEFTITESIT 125 EMEIET A LITR5, (20
HEEICIE, BEEIRO Al e 28 I B FE ST, )
AU SR DR TAF O BE I E Y — AT BRI,
2024 FE5 2030 FEETOHMFIZ, 6.2% THlETHEHEE
EhTnwa2l,

ZOIHRBURITEE . ABFSETIE BWR OFEIERFEIZ S
WTHRTLTZ, BIEIO#HE L, PWR TH-o7243, 4 E1T BWR
Tohb, BWR TR D TIFO18%FEE THDHMN, Hdt
P CRUD DAL EIE PWR KV BWR D RN ERERH
THb, PWRD 1/3~1/2 DB THD, ZhE. PWR DG EIR
BB —RRE ZIRRITHIIUTEY, g CRUD 13—k
FRDINFAETHIENHEEBA D —>ThD,

CRUD &I, WHEIRICEATHEBBEIMOZETHY,
REED) O — RN HAKIE T L, JR a7 Tk 1R
., BEHELIZb O THD, ZIntkd THREM L EBIC
VAT AHEPERL, BRI EL T, B ORI Y
E<THEDOTHD, 207 NEEBOHIE AR T 57
DIZIX, 2D CRUD DFRENEEIT/2-TLD,

BWR OFEIEHHE L. KEMIC, LT r®RATIiThi
Do FE A ABIE SRR, ZaITRR. MBI BE
DA ETH D3], ABFZEIL, 20D, RFTERYUAER Sy B
DIEAOAREME ARG Ab DO TH A,

VAT AOBEIEHEE TIL, (EZEB ORIX EOMH, K
SHEFEFEM OE PR, BRELIRGE, (EFIEST) 78 M) 5E
ENDZENRDHND, ZDOHTH, EBICFEILHEZ MG
DDHTOITIE, T AEEB ORI BAARIL T HZENEE
LD, TN RIEBRIL S IE L 72 D ELH T D,

2. BWR D

BWR Tid, JR A E 1 B4 REBRE R, JRTIF kS
LR, AP B ER R 8 M 7 R BRI ((LFBRYR) D
R GrLrro>TNB4].

BWR CIIAZBRELSR 1 TR HUK R O R 25 H 352
LEMHIT D720 #KE B KEE0.06~0.08 1 s/ cm)iZ
FTHZEPTHONTND, SHIZ, BE5F % =(20~60ppb) &
AL, BB REICEBLRZEE R, B RZM., BRAER
WDMRBLE TR T RIZ2 B 282 MHIL T 5, [5]

kOB H T, BWRZZ7Yy RO FER I~~~ e FEEL
T8RRI D, TV R L BRI TR AT D12 ik
&, FEIZ 3 MMOREBIZH D, ZDTDERYLL, $iAA4 231
MO2AMIZIETE L TR AR A2 L T\ 5[6], (Cr
NEENTODIEAIL, Cr BEEEMED ST/ >TD, Z
Ot KEEDOMDAA AL ThRET S, [6])

3. EEVDORBBILOLEN

X2 BWR OFRMRGEDOX K2R3 [7],  EAIC,
ARSI A A AL, A A BIIR I TN E LD,
D% AT 00Ty R EE Lo A A AR IR IL T
EINDDN, HDHNE, FEFESNAHZ LIRS,
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Decontaminant

(p)

-—
Circulation pump

Surge tank Subject of
decontamination
Ao u

B REERRGOERR
BEH O BWR O A1 A AR 3 A S pbf

JERRRES N TND, ZOMR A7 S IR DV N,

ENOEFAUZBIIRATHIRIL, EAY MNELS TS
nNTnb, LinL, AFETIIEEDORBENIRKEL, BRI
WEELRSTRY, BEYEZER TR AP 2SN T
%, [8]

FEILHEIC BT, REORENEES, R
TR LA ZHR IR DR HDNITE DBRITHRAE
TAFERDIBENE L/ AT ERESIN TS,

4 WROBOISAOEREE

ATEIO R Tk, PWR OILAEFRERIE R (CVCS) TfE
ENTAA L AHHNE S Rl Z BRI CTHYBEL , SRR A5
BT Rl 2R ESHE, MR BEE S35 TIEIC OV THRE
L7z, A Bl BWRIZEW T, BRI E T80T D RMEFRYL~
DISHZBRFILZ, B0 X, RFERIS AT, R
B LT A A A B AR TR 9~ B2 L2725, PWR &
[FIEED FIENFI A CED LS,

BWROPBE LB IZB AR RREEEL, €07 nt
ANRE RS BED IS A DS AT REINE IR B LT, T DFEH, P
WROEE LRIBRIC, A A AZ B R D> DIE O S 37 it
PEDAF L (FELTOCORECo) Z miEMER 2 T 5 S
W R BET D FIENATRE TH D LIl ST,

SE XK

[1]www. berlin—ec. com/salzburg2019/files/WealerDecommissio
ning. pdf

[2]https://www.verifiedmarketreports.com/product/nuclear-decomm
issioning—services—market/

[3]https://www.nfi.co.jp/e/product/backend

[4]https://wchem.sakura.ne.jp/wp/wp—content/uploads/2019/09/ %5
24 [RIEFITZE2 2.pdf
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29, No.4 (1987) pp273-278

(613l Fhk, ZHFHHE, R T FBRYEIR O BUR” BB, 32,
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[7]https://www.energia.co.jp/atom_haishi/gaiyou/pdf/keitoujyosen.pdf
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A Consideration on Unbalanced Electrical Characteristics of a High—temperature
Superconducting Three—phase Armature Windings due to Nonlinear Resistance

A EE (RUR)

NAKAMURA Taketsune (Kyoto Univ.)

E-mail: nakamura.taketsune.2a@kyoto—u.ac.jp

1. [EL®HIC

R EERE WD ZERME 2L, @R E
H 9 B 2 ZEL - A RlEEE L LTI S TBY, BIETIE
WU Ze ks S DT A SR A ) B L LTI R AIC L < DOBFZERE %
M T Tb, £z, FEHEEOITBOREREL T, £TD
Bigr ilBEE T emEBEY T — 4B HESNT
WA, EEiEEET—ZDEMIEELTIL, BROEHE
IAVITEE B R B MESR, HDWITREME RS 7 2 PEpR L 7%
B AU B B LR ZFE T 5TV D, LnLRRD,
BURICEBWCHTHEZR RV O CRFA A Z L T, EF DD R
0 ERiRrY o 2 FES<BHFEAEE (B 21X, 1,000 rpm LA 1
OB R EHREIC BT DGR, HDV LA FF RIS
BDIE, EROFHT—XZONTHRERNLEETHD,

EH DT, 2005 F LY EIREEEFE R Y £ —#(High
Temperature Superconductor Induction/Synchronous Motor:
HTS-ISM)Z %8 &L T, FREm A - AT I - SEBR IS 51T -
T&Tz, TOFEARREME, F X SCER 2N THREL TV 5,
FILEFTIE, REiREEEEIC OV TRIESCM K FOH
J10b &, 1,000 rpm ZH8 2 522 E LT RlEREER R B3], A
FPRFAIIROR BB AR L0 (4], 38 kW D FE ek B ik 2h <o 7]
T D FERRIE A (B B8 12 1 7 Rl e 2h(5], dhif B 20
mm @ HTS A& W= R ERERZN6], Face-to-Face
Double Stacked HTS & &% FHV /= #i P EAS 17 mm Ol E+
BRI LD IR EERBE LN T O R RE BTV,

FRREE R ORBREL LI, RFFEHE CIIAEmE
BB AR A EHR 5 LTV RZ 25, G,
— R EER A L N —FEREN OV AT DA G EL T, =4
R PIE O Fnika Y, ZAHAS B AR OO i
{bDV AT L3RI BT At Raws 75,
2 2EERERERTORERRLAFTOGHARER

— RIS AT — AL, B L R C Lo TR
Bhanb, (E-TC, AL TILEBIE AN T BI85 % i
95, Fig. 1 121E, — 07 =FHEM 78RR (Y FERD ORERR
K Z7Rd, @i EEEE BRI, RIROSRIE R
DY R MR R R TR L CIERIERIC 2 L2, —
T, BIZITERROA L E 75 A DPFHEFITNESNEE,
HTS [ € R OB E T Fig. 13 AKX O IERRIE &£
— B BRI RSN D2 LT D, Kb TWAH L
T, HTS OB — BFEHELEG R BR(DZRELECL T,
NEVBICEFEIR CIXE LRI Stick-slip FEENZLED
ATV RBRN, T it @B Clapik 7 e —18
G BRE RELELTHIEITRB, — %I L AR OER
FEIE T 52810705, S6I, EFE R HTS ORI
RARTIAARTET DL, FRCEMRE BT LaT
R SINE S TIIREEEEZ I TR DY
A7 (B Z AT HEH) DRI D, MR OFFING, EFE =4
AR R IS B 95 BB B O fRAT AR DWW T
VEREEY BICHE9528, BlZ0E 50 kW ke EE HTS-
ISM DA fafakBR(Fig. 2) [8] T, #2072 AL TWAHITHE
HHF 120 A FRELL EOBWHEE: 400 A FREDIZIBWNT
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Hysteretic loss |1
dominant region |:

i 0 v, (i=abe) |

Fig. 1 Wiring diagram of three-phase HTS armature
windings ((i,#,4): instantaneous values of three—phase
currents, (vi,,%): instantaneous values of three—phase
voltage drops across &, L: self-inductance, Aw) (i= a,b,c):
HTS winding resistance as a function of (v, w, ), (Inset)
v vs. £ characteristic of the HTS winding when Z is small
enough (i= a,b,c).

Balanced region

Unbalanced region
220 5% 0 =
Vi a
z E m/é 450 S
£ 1800 Sl b 17 2
E T 40 &
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S 140 —=——130 =
p 1408 s
g 205
= %) 102
< V1 y T =
60 hul/ AV E— g

0 20 40 60 80 100 120 140 160 180

Time (s)
Fig. 2 Experimental results of changes in three—phase
currents during load application for a 50 kW-class fully
HTS-ISM (/ Effective value of armature current) [8].
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Rotational Characteristics Evaluation of a High—Temperature Superconductor Induction
/Synchronous Motor with a New Squirrel-Cage Winding Structure
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Stator core
2

| Rotor N
winding
(HTS) |

Shaft | .;';;" )

Rotor core

Stator
winding
| (Copper) |

Fig. 1 Cross—sectional view of an HTS-ISM.

N-pole S-pole
Il A

r L
__El+ B2+ [E3+ FEA+ E5+ b+ El- E2- E3- EA-  E5-

(a) Conventional winding

N-pole S—pole
AL Il

r 1
El+ B+ B+ Ed+ B5+ B+ EI- B- B EA- B~ Bo-

(b)

Fig. 2 Schematic diagram of squirrel-cage rotor wndings

New winding

(£ Motional electromotive force generated by a rotating
magnetic field, @: Soldering point).

Fig. 3 Analysis result of a 5 kW-class HTS-ISM with a
new squirrel-cage rotor winding (Fig. 2(b)).
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AC loss measurement of MgB, coil under rotating magnetic field
using mechanical measurement method
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[1] Y. Terao, et al. IEEE Trans. Appl. Supercond., vol. 33,
no. 5, Aug. 2023.
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Servo motor

]

Fig. 1 AC loss measurement equipment based on mechanical

Table 1 Specification of MgB, wire and coil

Scale
Num. of filaments 36
Filament diameter 63 um
Wire diameter 0.84 mm
Packing factor 0.19
Twist Pitch 100 mm

e

=
R

Fig. 2 Bobbin and temperature sensor location

250
®bobbin 4 100! AC1
00 obbin mm 0SS ‘ ‘
— s ¢ s
z 150 &
2
.3 100
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Frequency [Hz]

Fig. 3 AC loss measurement results
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805 A ®
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{ =

Fig.4 Temperature gradient around 20K

5510810 20244 FERKFAKIL T2 - BAEE AR RE



3B-p06

Wl (2)

225 E REBCO FZEEZEEFNHEICHAL\SEIELF D ML 4F 4 ETA

Evaluation of Torque Properties of Air—Cored Rotor in REBCO Induction Motor
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Cylindneal pickup coil

|ww |18

+ ;i 155/ mm|

magnetic moment  Fotating field
Fig.l Set up pick-up coil with round cross-section and the
squirrel cage type rotor sample. Three pick-up coils were
mounted to measure magnetic moments .

0.5mT [0.5Hz]

8.0

Torque[Nm]

Fig. 2Instantaneous torque obtained from experimental
and analytical results
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Basic study on low—frequency AC inductive transport current tests of high—temperature
superconducting assemble conductors
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Table 1 Specifications of HTS wires

Layer BSCCO REBCO
Width (mm) 4.5 4.0
Thickness (mm) 0.34 0.07
Ic@77K, s.f. (A) 197 224
n value 9 20

Table 2 Calculated self and mutual inductance
Parameters  Inductance (H)

Ll 4.122x107!
L2 3.924x107
M 1.878x10*

mary, 11
prmarve JILILES

eld :nll =

@ I8 b sl -t .;___._.;;_.E_,,_---_-sg
- — Calculated (Norris) | 3"V e e
£ - =~ Simulated (n=20) ot ;
‘:E"]_s[} J A : ‘a\. : b 70 &
3 \"5\ a
2 ' | i sy | @
gwg SRR —— e S foemmeee 60 <
2 ] | Secondary current ' s
g : | e (Ngie)_| s
.,,‘_ quia orris) . . —
50 ' i ===Simulated (n=201 ' ' 50

Fig.2 Inductive transport current test result (REBCO, 0.5 Hz)
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2. M. Ohya et al.: J. Phys: Conf. Ser., vol. 2776 (2024) 012010

5510810 20244 FERKFAKIL T2 - BAEE AR RE



3B-p08

Wl (2)

BIET—TJRELEICEELGEBHRICLD
it 5 B AN ER 7 1 DIFRIE SR DIREE 2
-~ ETHRAEEERRANEET KU TORIE-

Verification of The Effect to Make Uniform Current Distribution in Parallel Conductors

Due to a Changing Magnetic Field Perpendicular to a Flat Face of Superconducting Tape: Part2
—Verification under Conditions of Mixed Parallel and Perpendicular Magnetic Fields—
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Fig. 1 Two tapes parallel conductor and its cross-section,
and the magnetic flux density distributions and the electrical
neutral line in each tape in the parallel conductors composed
of two tapes.

— 146 —

3. EER

BT TR L7 TR E B L 5T b 2h B BRI
LTz, Yo P AV, Bi-2223 T—7 3 Kb b4
R TIERLIZL — ATy 7 RA TN r—Fa L Th
5o M OB EIRIL, RIKER P, B OBAH T 180A T
HD, N —Faf) ETEEBIC 10 ¥—2 (&F 20 ¥ —
V) DAANTHD, it 1 [OIHEL, BEOH TILR
NELIDIC LT, T — I D ERE eI AX —a ()L
WL THIE LT, Yo 7 VT AL 7 10 B L AN R A s 2 [
BRZEIINL CEBREZIT o7, 7LV OERIRIE L 90A., 4+
FRRESIRIE X 50mT & 100mT &L, A% 10Hz L7,
TEE RS E A TR OIRAE T BRI P CRIEL T,

FEERAER A Fig2 |9, WERICSIEELIZ7T — 7 B
WEATIRBE R BHAZ L QT2 JIERE RO B IR A0 1
ITELNMAAET TV, 20720 EATRISIC LD # B T D
BRI IE LT, B D B TIIAR T4 R0 LD R —
RERAOAMBINS NI, FIIRER %2 KELTHEBR AN
P — 272 MBS, ZOZEND, BHEEA A TH
S>Th, T —FIZRERREN LT, WHIEEROEF
DAL T BRI DD ENERINRENT-,

Fig. 2 Measured current distribution between three tapes
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Fig. 1: Superconducting wire with a step at the junctions
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Fig. 2: I-V characteristics of model with steps.
(a) Analysis value using a computerized wire model.
(b) Experimental values using actual wire (Fig. 11 in Ref. [3]).
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Fig. 1:

~
[~
~

Angle of magnetic field 0,
Magnetic field HJ.,BZ,IBL Order parameter [

Position x/4

(b)

Angle of magnetic field 0,
Magnetic field By, B,, |B|, Order parameter f*

Position x /4

Magnetic field distributions B, By, |B|, and order
parameter f2 in a superconducting film of dy/A =75
exposed to the longitudinal magnetic field at critical
current: (a) low magnetic field (B,/Bsyh = 0.1,]c/Jco =
0.995) and (b) high magnetic field (B,/Bsh =
0.9,)c/]co = 0.438).
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Evaluation of the Critical Current Characteristics of RE-based Coated Conductors under

Longitudinal Magnetic Fields Using the Flux Creep—Flow Model
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Table 1 Specification of RE-based coated conductors.

Company I. [A] d [um]
#1 SuperPower 120 1.0
#2 Fujikura 250 24
#3 | Faraday Factory 160 2.5
Table 2 Used parameters for #3.
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Fig.1 Magnetic field dependence of normalized critical
current density.
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Fig.2 Relationship between A, and a, Ay, and By,
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Fig. 1 Surface XRD patterns of Bi2223 thick films after post
annealing

Fig. 2 I-V curves of Bi2223 thick films measured at 77 K in
self-field.
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Critical current and AC transport current loss characteristics of ultrafine Nb;Sn and Nb;Al
superconducting wires under conduction cooling
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7va SWEAMNE DT 4T A MTBAE R BIR DR ETT-Z
ENREELTEZBN, FELWERIC W TSl 3 R 4%
ZHWTHRF T2 T ETHD,
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)

20k 30pm

Fig.1 Cross-sectional view of the (a) 19-filaments Nb3Sn wire

and (b) mono-block NbsAl wire.
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Fig.2 The measured critical current density of NbsAl and
NbsSn wires.
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Fig.3 The measured AC transport current losses of Nb3Al
wires with different wire diameters at 400 Hz.
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Fig.4 Comparison of AC transport current losses between

NbsAl and Nb3Sn wires with the same wire diameter (50 pm).
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Model for the strain dependence of the critical current in REBCO coated conductors
considering the superconducting layer fracture
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1. [XC®HIZ

HILE . REBayCusO7-s(REBCO, RE 1Y F7/21347 H¥E13%)
coated conductor DA /MAVIGH M, 8ElES~ 7 Ry b B2
BY | BR A S bk & 74y BT A TS, ZHUE, REBCO
DOIEFNZENBRERHEI TN 2, FOHEMEL TEDIL T
HNATEAD | FEF N @R IC > T, E KB
TNIBMHAIDREIZFF ST Th D,

LI AT, REBCO coated conductor OFEAREFEIZRI 53¢
BRIZZ L, FRICHEVICBIL T, EBRMICH 20T —4n
RSN, ZnBEET A TEED L OBLEEIZHRESN T
WBL2], FRICET MZEAFIIC LT kR IC 1T 5
BREREO L, FEFICESBEN TETZEWV R D, E2
AN, FEVEREIRZ 2 UT= SURIZ 720 720 (3], W RE X
BI7Iv /M EICHD REBCO &> CITRiE 3 2L /2 D
B, INBET LS NAHIET, S M CIEREEEL 72 W RS
O T B/ IO TRNZD7e030 | FERER 72T T, 23R
THHEB D00, OFRNCDRNBET20 | SHITHEK

IIROBRA BRIE DI R 2L TED,

ZIT. A DTN —T7TiE, ZNETITERTHRIEL
72 REBCO coated conductor @{EUEF% HOx WEAE
JE LT AT E 7T VAR EE L T, MRS X S B k(2] %
AV TREFEHE | BRI ORBUITT A7 VB
T2 ZOFET NEHNT, HEICBER T2 ERICE L TEE
L7,

2. FRITETIL

REBCO coated conductor DFEFENE £ DFIHRV O e
IRAFME | R E TR I L ENEL THRRET L%
ML 7o, MR O RBUZIISCR[2] 0@y . ~&3H] % H
W, FESEREIRICBIL T v Ty s O R E 2 B
ELT, AT NVEEDBHOSIRTWB[A], 2070 IS
F TR L CUAT VBIEE I LT O BIEAEERR LT,

l_1-a2,(0<e<e)

Ico

a =(1- asz)exp{ (%) }, (<9
ZIZT, ol TOTHBaDRED £, a THPEFRICBTA 0T
PIEZ R RT T 40T AL T INTA—F b (IR B
BR22T49T 4 T NGA—=EThD, REHESTL TS
DIx, & J:V)/J\él/\U*fﬁ'ﬂ‘iﬁ&iﬁ%?ﬁﬁ_%fm\ EIELT
WA TH D, LHRBITlIe 2RI O &L TND,
miZTAT NV O AR TIETHY, ks RS

Table 1 Measurement results of FYSC samples.

L (A) Fracture strain | Fracture probability
(T=171K) (%) (%)
76.1 0.28 20
98.9 (0.4 T) 0.35 40
163.1 0.41 60
217.67 0.502 80
219 (Ref.[5]) 0.54 99

— 152 —

Fig. 1 Normalized critical current as a function of axial applied
strain for REBCO coated conductor at 77 K. The points are
the measurement results. The dotted line is the calculation
result.

Bl m > 2 &85, Z0 mfEiE, KOOI LT 2 Blxf
BrlolcXoEENEROEND, 22T, 7V 7T
FYSC-SCHO04 126 LT, ZHETITF7EE TRIELT LD
T IRAEMEDFE R BION TSl E DFRERMNDG, L K
G TDEFMOOT Bk g EL. ZOMEIVNSWINEIZHEEE
a2 R 1 OIDITEZ ., m HEOBENEIT T, ZORER,
=416 LEHENTZT20 | ZOMEAE VT L OOT IR AFME
BEZI,

3. FRITHER

R TRIE LR R L, Z DR RE WA
FERAE LIORLI, BHRTIE, & = 041 AL THY, 7
AT AT T A—=HFE a=0.0357, b= 0.237 Lipo7, 5L
FERIL R R A T NRVICHBELL T2, HERA B
LCUKZET mENLVTEMIZY, KE<H{LTD8EEE
EICEKEDINNT > T DEE ZHND,

CITMBEICER T DR EL T, YUk EREnE
TR TOMBEZTHD, 0T HellE o377 DIEHIT
RHLATHETHY |

m
w=(1-ef)en{- () } <o
DINCHEEHRZ N TED, ZORND, Yo7 HRKFTRENZE
TA 7 VBB DOEIZREL2 D, DEVERERITNELTeD
ZERDD | XU T HITEN TR RN ER DD, 4RI
ZORGES & D THIE LR Z D D LR B D,
SE XAk
1. C. Barth et al.: Supercond. Sci. Technol., Vol
045011
2. T. Okada et al.: Supercond. Sci. technol., Vol. 33 (2020)
094014

. 28 (2015)

3. P. Gao et al.: Supercond. Sci. Technol., Vol. 33 (2020)
044015

4. H. Matsuba et al.: J. Inst. Elect. Engnr. Jpn., Vol. 97 (1977)
p. 282

5. S. Fujita et al., J. Phys. Conf. Ser.: Vol. 507 (2014) 022007
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Evaluation of Electro—Mechanical Properties of REBCO Tapes

at Variable Temperatures Using Pulsed Current
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1. [ZC®HIZ

AR A HHER RS (REBCO) & IRAB(mEMAT I,
30 T LA EOFEREESE AR0. 20 K FREE D R EEI CoE /7
F— AEMAPE HEN WD, MBI EEE T,
REBCOMMZ RE AR BHE ) BEIINEND T2 | BESRDF%
WA CRESHEEEE U5 F10- O Fre-lG BT L FE) O
FHAEE CTHD, ZHETIZ, RRREGEZ W= 77 K
X 4.2 K 128175 REBCO #bf OB LM A EIZ DV T
ERRINTWD[1], — T, TR TIITAGHEH OB H
RESIDVINEL EBIT L2 kA 2BXBR)—RFOY2— 1%
BRKRENZD , EXIEBRFEO M AL ENFRET
BT,

ZZTAZETIX, BV —ROREAEZIEH] 5720123
VAR FAWDZET, 4.2-77 K DJRWRESMT
REBCO #i#4 O 8 S R 2 I E LT,

2. EEBAE

L, 7Y 77450 REBCO #4f(FESC-SCH04(40).
& 4 mm, Cu Z2E(LJE 40 pm)& AV =z, Zhud, b kick
WTC 33T OEBIEERE <~ 2o MO IZE ST A
Bt LFAEETHH[3], 20 REBCO ##412317% 4.2-77 K T
OB HEWFNEE AL 7, BB OBHNIL, MIKERR
EHAIBI O He HATZa—07 44 A%y N Wz, I,
LAN—KB R a—7 % AWCENLE, BEMEE, 2L
AR (BIE 10 V, BT 1,000 A) 2 A, BFREUE 1 uViem
WZE-T L BRELT, Fz, BICAEROBEHZ W THE

BRI A E LT, 50N 0 — OF Zre iR
(SS Hh#R) 735, € = 0 — 0.3% D DFEZAIY 7 R Eozo%
BTz, BRI 0y B L OBEIR O Zrey 13 SS HIHRO [ELHR
ROZR PRSI O DY DFED, € = 0— 0.3 %D ERND
HNBEEENBLOOTHREL T, TNENHEHLE,

3. ERMERBLUER

1 {2, REBCO ##f D (a) =i, (b) 77 K, (c) 4.2-7 K I
BUIDEIRIEN-0F itz r 3, RRE Te=04—
0.5% F CTHMNLIRLEVERL, ZNEL EDe TIZBIEN
RTFUBMEETEA R LT, Eoseld, iR, 77 K. 42 K T, %
NENH 122 GPa, £ 136 GPa. 9 137 GPa THY, {EED
IR FITHEINL 72, RIZ, optd, IREEDIR T IS EAIL
. 77K, 42K TEHRZH 510 GPa, 690 GPa, 838 GPa T
oty =T BIROT Zre i3, =i 77 K, 4.2 K OIRLE
CHI 0.5% CTHY, IREITIKIE L2 o7z,

Eo30, DR EMRAFIEIC DV T, REBCO #AM 2 HERL 3 D44
EHOBMA D D5, % 112, KR TO REBCO
MOEIY 7 Z EoseBL TN Cu, Hastelloy DY 7 2
4%, A EIHIZEL- REBCO AT, Cu ZE/EN
50% LA L, Hastelloy &AM 40%% 585, REBCO #4617
Eo30, DIRFERIFIEIL, T E L CTHD Cu DY T HRD
RERFHEN IR EL CQNDEE I BND,

212, 7V E LR AV 77 K IZBT5 EMP Bt (I
—eBEWo — &) T, LiT, € = 0.35%FE DRI
DL, € =05%T 0 A FTRAMIIA LT, L AR A5
WD OTHEEROTH L O BUTERTIHE N
0.375% T o7, X 1 EFRIFEIZ, SS HIBRITH 0.5% TR

— 183 —

fEENA L, FIFRFHZ LA 0 AT Lz, ZH0fE S,
77 K 123172 REBCO #At o R 1) 75 T8 AR A PR 1] & R
HETHY, BRIV DO RIS 28 T DN 7T AE
THHILERL TN,

B HE. Cu ZESBDORER S, REBCO b DR B
DEARZEEL T, REBCO #bf OB LM A DR E
RIFHEICOW TR T D TE CTH D,

Table.1 Eo3y of REBCO tape and Young's modulus £ of Cu
and Hastelloy at each temperature.
Eysv, (GPa)  E (GPa)

E (GPa)

T(K) REBCO tape Cu [4] Hastelloy [4]
300 122 129 214
77 136 138 222
4.2 137 139 222
1000
{a) Room Temperature b} TTK (c) 42T K d
4 mmewidth

FESC-SCHO4{40)
2800 Cu 40 pr-thick

@
o
o

Stress (MPa)

e
(=1
(=]

200
Eyse= 122 GPa Epse= 136 GPa Epay= 137 GPa
a,= 510 GPa o, = 690 GPa o, = 838 GPa
£, 0475 % £,= 0566 % £,= 053%

00 02 04 06 08 1 0 02 04 06 08 10 02 04 06 08 1
Tensile Strain (%) Tensile Strain (%) Tensile Strain (%)

Fig. 1 Stress-strain curves of tensile tests of FESC-SCHO04(40)
at (a) room temperature, (b) 77 K, and (c) 4.2-7 K.

1000
200"

= 77K 800
ey 4 mmewidth - &
+ 150 FESC-SCHO4(40) 6005
= 3 13
@ Cu 40 pm-thick @
5 Fulse =
o =
=1

3 ot
© s0 |200

i 01 02z 03 04 05 05 07 08
Tensile Strain (%)
Fig. 2 Electro-mechanical properties (/c-¢, stress-strain) at 77 K
measured with pulsed current method.

E ifs

ARFZED—ERIL, BHAFE(22H00142), NEDO D Bhpk 3
(JPNP20004) DB A DfERGHN - O T, HER TN
PRSI T E RIS CE R S 2R & E L,

S35 Xk

[1] C Barth et al., Supercond. Sci. Technol. 28, 045011 (2015).

[2] Y. Tsuchiya et al., IEEE Trans. Appl. Supercond. 33,
8001105 (2023).

[3] A. Badel et al., IEEE Trans. Appl. Supercond. 34, 4301205
(2024). S. Awaji et al., submitted to IEEE Trans. Appl.
Supercond.

[4] H. M. Ledbetter, Cryogenics 22, 653 (1982).
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Torsion dependence of critical current under tensile load for REBCO tape
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1. ZCHIZ: e BEEER LM% &L REBCO
T — TR D FERIC I TR & ARE
RoIG) - BEkFEoE EA-> X Kko b3,
& icHlE - ERoBRECIRT - At 2nb
2720, 2o OERNRFHEEREI AT TH
3, KRG CRERBEROAL Y - FHREIVRTT
HEoOFAEMRZME T 2, FIRICHME L E &I
AL DI X - THEERERIE AR 2 2L %R
T, AP EL A3 LRBEEDR LY ETH AR
AW E R T LI ERHLLE 5
77

2. BEAZE - HUBEHC IR 4mm, £ X 0.1~0.2 mm
®D REBCO 7 =7 %A L 7z, AEBRCTHWZH
fEb A - BIBRIGE % Fig. 1 IR d, 7— 73k
D L E R =T ) e RENC LT o 72
FHECcE 2 XL THhHDb, ZNiCKY T =7
TimEHEL CT — 7 ICHRME POb L TOTE
FRlEES A EE L 72 B, ARERT ) & kSR IR
L ERSERBE 2 17 - 72,

Fig.1 Tool for critical current measurement under the
torsion-tension application.

— 154 — 55108 20244F BERK AR .57 - B R JEFE R

3. REREERLELR : Fig. 2 IR L-BERER
(L/ 1.0) DBIRISHIRTFEZ TR T L/ olZI] & 4
BT BA. O ILRLERIS D E
WIZH Y., BIERISHICDWTIEERICET &L/,
Z1ICR%, FIZIERICTRT £ IC8IRSNER
350MP ENANL 7= £ £, 180°mAa L W #MA T
o, HEICRT, I TEHERINSE —BROBRE
1E1£(1) pl Ao p2 ICET TERARERILED L.

QALY ERTEIZIEp2 A5 p 3ICERRERIE
BET 2 A 100% TlEa WL, &I TZDZEp3-

pl AL/ Lo § B E D& S BT IZHBHER A
ZICEDHDE L TEMRICERSINDS, &5
ICTF—=7RE(LNCE VIR L7 (p2-p1)/L IF
FEF—TFEERD,

Fig.2 Torsion dependence of critical current under
tensile load

ZZTHBHCImb 2 LIRS AELRLYIZL S
VARSI ER DD, ZDESRZIERT D71
& 3 RITICH DEBUERENT Z 1T > 7=, ERFRBIRITH
HEOEMICL YD T A, Al VIic L 25EME
EDOBREAEANDEANMH S 2 & TEET
ZENTES,

HEE - AW ICB L GRRRTE 72 R S RHETE
FTDZEE R L ICE# 72 L F,
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Consideration of evaluation condition in Nanoindentation method
for hardness test of REBCO films
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1. [ZC®HIZ
REBa,Cu3Or- s (REBCO)  FEHEA 1L, e Thmw
Eﬁﬁ%iﬁ?ﬁ“‘E@ﬂ)o:é:ﬁ%ﬁé?b%%%ééﬁéﬁﬁ%ﬂwv
WD TWDI1], BT AT LD WTikas DR HE M) <o
B G 3B/ E DR \Eﬁm“ﬁﬁé‘fmaw_éw;ém
B AR RO HID, LU b ClERE BRI N
PINDHZEIZL ST REBCO JEIZZ T 7 INECHEWVHFREN
WESNTRYR2], EmHEE LA NETHD, Thx 1 LEmmEL
(272 REBCO BB AR EDREMIC T H LT,
BT /AT o 2= AWl SHBR OB 21T > T,
T, T IAT R FE T O UIARIC L > TR E S
A7 2 AL E U NI OB SFEAT N CEH & THID
NTWBI3], F /A7 2 —% e REBCO RO XFH
BROBEBR LMW, RGO — D THAHE LA

T O g KA BN E B\ C B 5 2 D2 D353 D> T,

T FR R D B % 52 1 7\ N KO el Y 7 e Knf B &
HWIRTHZENEETHDH[4],

A5 TlrE, REBCO g Ol X238 UNZIE - FEAT 3572
OORBRG AP THIEEHEL T, REBCO JED
JE R D IE NN X THAR D RIS 72 72 D fig K ART B D
FRE DI T DAL,

2. EEBAHE

F AT H—% T GdBCO %;H%@ﬁﬁé%fﬁ%ﬁ%ﬁo
7o BIEICAE A U7 RERHT L AL —HF —ZE 2575
PERLL | AR IZIE SrTiOs(STO)EEM Z V2, JHE NMP
PR I D IO TR AL CIEEN 0D 2 SO
B U L7, AR IR A NSO iR GABCO (thin), %
JENREVGEIZ GABCO (thick) L7035, il SR IR
KA iE% 0.5 mN 75 500 mN OFLFA CHRAEZIRD, 1507
Taf E 2SN FRR S DR S OEA R H UIB], B SRE 21 T o7,
T BILIARII I A —ae yFJEF 2L, JE A% 10 s
E&ﬁb’(ﬁﬁfﬁ&ﬁd‘ﬁ%ﬁ?@% TEOF-EEF LT,

Z TR O WE I B EER D RO 1T
STO FEW D D R DS OE S TERfEL T A I K fnf T
\ZHEH L, ZOM B LD /NSWGEI TIOR3 D 7au
LWL 7=,

3 MERLEEBR

Fig. 1 IZIZED 22 2 50D GABCO #ifii: STO Ktk
D FDREE (Hir) & g K Af B (Pro) D BFRZ R L TNV, F9
STO FEMRDHDFEIOFE R TIE, e R HEIVNSL 2D L
SOENKREL 2 DH AN bz,

FROZ Ty NTRT GIBCO (thin) TIIEARMED 100~
200 mN O CIEHEL QD EREIDND, FofkD 7 1y kT
9 GABCO (thick) Tldii KA E A 200~500 mN Df# Tk
L QOB EREDND, L EXY | IO SFEMIC BT
FAR DRLEEN D T2 22 D i KA HIL, TRE A K ELRDHIET
RKEWHITT 7T HZEnRENT,

HERESUEHZ 3 T, GABCO (thin) DR KfiE 1 mN BLF,

GdBCO (thick) D RKFFE 10 mN LLFOBIE STk, STO
HALDHDFERIZ AN D IS 7 BN CrE7e<, JIE

— 156 —

W2 EFDBHZED R, FFIZ GABCO (thick) CIEEZ DA
DEENEIORKELI2->TND, HEREOESHIEIZIRB W T, i
jtﬁﬁﬁ‘id\éb\é:% ﬁﬂi’%ﬁ@*ﬁﬂj%%%ﬁ@%%‘
FATRTINIEDY \ZJV)“CI}'OD[ZH ZOTENBREMMN BT
THEREL CGREFR I OIENE 2 b, $:1Z REBCO
A B LT AR E TOREDOELNNELRLTLRDHE
RSN THY[6]. GABCO (thick) TIZFE M DEELZ 1T T,
HIEEOEENKREL I oTz b HEE SIS,

4. £

HEOISHIEIZIBUNT, BEENRERLHIETIYRE
f@wkfﬁf%%&@ N DI IR DNy o, FT
JEREALIC Lo TR B O MR KT D720, K OFEEN
KELDL DRI EITHET HRETHDLHIEN 3 h o7z,

PL LY RS ) 70 68 SE ISR OB X D
WEORBIREOREEL VR TIMERDHY, ZHDOR
BN DI I DI KA AR T AZ LN EHE CTHHZ LN
DINIIR o Ty FTMEIE N RSN T, iU 7 e K Aif 8
DELPH AN KT D K ENIFITHEIN D2 EDVREN Tz,

Fig.1 Relationship between mean value of hardness (Hyr)
and maximum load (Ppay)
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Estimation of residual compressive strain in the filaments of SUS reinforced MgB, wire.
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1. [XC®IZ

MgB: #4841 Wind & React 15 Tl AMERS N D72 L5
FEIZE SO TNADS, MgBy AT EIT DB E ks
ALK AMED 72812 React & Wind ¥ T AT HEZR R
M ARSI TVB, React & Wind 1EIZEB W TR, aA/10%
REEDBIIRD LT IO T4 & D I B EBS &
HNRHD, BIRIZIITD MgBa S DR A[fi Q9 AL E1L,
MgB2 25 i R O BVIVER IR FE DB ER IR ~ D HNZ > T MgB2
TATA ISR BN R O T RIS BLINDEE %
HILTVNA,

2. SUS ##58% MgB, ¥ D VT &M 1 DHER

A ETOWE T, MBRHBIEZRREDOKERAT
A8 (SUS) % “[EAEH” E LT L7 MgBa #6408 BAF72 O
P AR RO LA R LU CET[L, 2], Table 1 BX O Fig.1
12 SUS THfifRL 7= Wire(a), SUS & Monel CTHlifE L 7= Wire(b)
D EREBLOWH G EE2 7T, Wire(b)ix Wire(a) D st
J&\Z Monel J@& Nz 7= THD,

Fig.2 \ZONT A0t O JIE G R4/~ 7, EAR I BB
LI=BRY TR, K4 IR e 9 AR v &
AWTHIPATWEMNZ %I I ZHE LR R THY, Hlh
NI LD 74 A MM A BN T2 KB IRV O AT
5%, Ie DHALE T FHIBW T, FICHIIOT BTk
Wire(a)lZ 39> 7 /L%, Wire(b)iZ 2% > 7 L& E LT,
Wire(a) DR A[H O 2103 0.44%F2E, Wire(b)A® 0.61%F2
ThH-77[1,2], SUS & F9 Monel DA THITRL 7= MgB2 #
M ORBEOT 3 0.19%[31E DL 2~3 {ED T Ak
BESHI T,

3. REBEMUVT HDHEE

BULER% O BB A~OM AN R IEREO T AT, Hk
MO RR S, Yo7 BRIV Eféjéfzw)%zhé #
HIB P CRAR T 28 E N E ENDG AL, %S T DMK
BeAR A (O &, i D) k;oﬂulﬁ%t%;ﬁz(ﬁéﬁt?&@mﬁ
— OB BROE X (M Y) BT THD, BRI D8 6%
GUBROREOT HOBE M IFIETS B SCRANFEL,

ANFHENTWEHEMEL TORAT UL 22 E DRI IR
BRIV 7 Ha VT, BULERIRE 600CHHLEIRET
BHILIZEED Wire(a)B LY Wire(b)?D MgB2 747 A M
DA M OT HEE N T 5L-0.24%B8 L -0.27% Th-o
o CIEMER O AR A O IS TE L O T A
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Table 1. Filling factors of SUS reinforced Wire(a)
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MgB, Fe Cu SUS Monel
Wire(a) 28.3% 33.7% 16.5% 21.5% -
Wire(b) 18.9% 21.5% 19.4% 19.3% 20.9%
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Fig.1 Cross—section views of Wire(a) and Wire(b).
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Fig.2 Measurement results of bending strain tolerance.
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Fig.3 Stress—Strain curves of Wire(a) and Wire(b).
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REBa:Cus;0, (REBCO) KA B~ Ry D EHITTelS
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L2 Toop—t ZoAe %2 72 IRF P T fioop(r) = Lioop(0)exp(—Rjt/L) 1T
TAT AT Uy % Toop \ZF1TD Ry EFHILT=,

3. FEREER [5]

BIRIERENDFZ 0.5 T, 108V (IZBITD Ij & n D
IRFERIFMEE Fig 1(a)lr 3, 2hbiE, REBCO #iAF o gl
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BLOERME (Fexp) OD?EWZ‘K%’?@%E/?# HAEE Rj 1 10712,
103 Q LU, Fea OFHIZIT Fig. 1()D Ij & n EE W=,
Fexp & Fea 13— ﬁzLTkD\ JVIERWAER =108 Q 0
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KEOBEBLZFORBELOBAEETHDLIENRIBI T,
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2] K. OhKi et al., SuST 30 (2017) 115017.

31 Y. Yanagisawa et al., SuST 34 (2021) 115006.

4] K. Kobayashi et al., IEEE TAS 30 (2020) 9000204.
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Fig. 1 (a) Temperature dependence of /i and » value at 0.5 T
and 107® V. (b) Temperature dependence of R; calculated using
Ij and n value shown in (a) with ' of 0.4-0.9. R; increases with
increasing the temperature, which is due to the decrease in I
and » value. (¢) Temperature dependence of F' at 0.5 T for a
target Rj of 10712 and 10713 Q. The calculated F (Fca) agrees well
with that experimentally obtained (Fexp). [5]
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Fig. 1 Comparison of experimental result and fitting curve.

Assuming m=10, « and U were fitted by the least squares
method as fitting parameters.
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Fig. 2 Peak power dependence of bonding energy U. From
this result, the functional form of U is considered to be a
power law form with respect to P.
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Fig. 1: Schematics of two superconducting layers

with a normal junction layer in between.
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BEE 1.2Kg 2.1kg 3.1kg
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FYSC-SCHO04 0.13 > 165 68 AIE>RU
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FYSC-S12 *! 12 0.08 75 — > 550 — AIE>RU
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