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Physical properties of precisely oxygen content controlled RE-based superconductors
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Fig. 1  Dependences of Teonset), Tirr, ATc and ortho-
rhombicity on & of YBa:xCu3O7.s sintered bulks.

Fig. 2 Field-cooled-warming (FCW) and field-cooled-
cooling (FCC) curves of YBa:Cu3O7.s sintered bulks at
slightly carrier overdoped state.
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Control of oxygen content and critical temperature in YBCO Coated Conductor

by annealing under external strain
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1. [XC®HIZ

Coated conductor @ B F& (2 [7] 1T T YBa2CusOy(YBCO)D
PEREL N ED 5T\ 5, YBCO TR F—7& y I
& o THRFIR (T O L E R E ()N AT 5729,
BREOHIFIEELRETHD, 7oA TORESR
BBy IE, JEREHRICLVBEENE(LT S, 2%
NI A—R L LTHBT =— VK EENKEL S
NTETz, Lo LT/ HEEkEd 55 2 CHBAEICET
HRELHAL N> T& e, T/ EE AT X > T4
L2320 HRRMICE Y BEEMEET 2, ZOXHI7%
MBI EBRE 7 = — VR TERLEETHEZ 5T
BY., BET ==L IR0 N HEEFEROFIE AT
IMBENDH D,

INFETIHIRESCIRE ST W olo~v 7 Btk T =
NV ERT AR EEZENTE, —J7, K%
TIHBEBEEAERZANLT =L WV I 7 a2/ T A —H
WCHEH LR EREE2RA 5, HFEHEZFHL
2RI T YBCO X8 ABEAR O T R /L%
—~DOTHDOEENHLNIZENT[1], OTHEML
52 L CBEORFIRENEL, ZILNEBHEZZILIEA
ITRNF =2 EED, F/arRYy MEZEITS
e S8 BRI BE R 22 AL A = R L X — D OF R AT
ODMAT 2 ENTE D, T/ arvRYy MNEOUT A
1T BRI K> TRIRBNIZAE LT 5 H D Th 5 7,
RFET =— NVEFOOTHEINNNT A= L L TEAT
L2 L CBMBEZIABR AN —DHIECTE D Z &3
FFEn5b,

AWFFE T, HEROT AU L DR AR T F L ¥
—DZLEFIA L YBCO FDOfEFEAEDHIHZ TS
ZTEERAME Lz, 2L A L—HF—FKEPLDNEIC L 0 1E
WLUEEBEORA R T =— L OBICOTHREMZ T2, K
SR L OMET = — LV EHEE ST 0T HRT =—
NEATV, 0T HheE Te OFRIZOWTHLMNZT L2 &
EHME LTz,

2. ERAE

AHFFE T, KiF =% v~ L—¥—PLD &2 L <,
Ion Beam Assisted Deposition(IBAD)}:#K 12 YBCO f& % 1E
77, BEEIEH 300nm T—E & L7z, FigllTRL7- X
A2, REHOFEA N T =— /L OB T, [fEkEs Lo
fFROZRT V2RO AEHFEH LT, WP EREINZ -
DR TCHRT =— V& To7c, FRLCBEERDE N
i L OVBRERRE T, X BRET S & B I Tk &
HUTIME L7z, SR R T =— V&2 E X
T, OFTHT == APBEEB LY T RIET L
i L7,

3. ERERRUEBE

IR 840°C T YBCO A S L, 77 =— VIR (TA)
W LI, Ta=400CHR500CTT =—/LF 5, O
FHEAMUZERE L @HEOOTHEEMLARNWTT =
— NV ZAT o -k B 2 Y U7, Fig 2 (\CIH-IRE MR 2=

727

9T, X 2(a)lE Ta=400°CTOT =— /L OFEREZRLTWD
. EROF AN Uik, @ oOTHRZEIL
RWTT =— L L7 e B2 Tod 859K BRETH -~ 7=,
ZOREI TR T =— WO OT BT EA L T lZEEL
TV, K2b)IZiX500°CTHOT =—/LOfERZR LT
W5, OTHEANLARWE X2 T2 817K Th o 7278,
FEAFOTHREZEINT % & T2 857K L 722 o7=, Z otk
TIHEMET =— D TATRERFEELZ KT LT,

F-FEHEOREL Y, EMHOTHEZNT S L
R T R X =8N B [1], JEMEOT A2 HIN
THZ LI LV BREAR T L= ML, R
ZEHL BN LTz, 500 °CTT =—/L LB, EMOT
FIZEY TeBM LT Eid, BRREILER T L F—
DOEEMNSFHHATE S, —J5 400°0CTOT =—/LT Te I8
AL o Te 2 LIV TR ZE LB R = R L ¥ —
U THEHBATHIZENTET, MEOLT ST 4~ LE
RERFRBEO R KNEGET, y~1) BB TOILERSD LEZ
b,

WH K, BEx e TERLL 72 YBCO EIZKT LTV
T ==L EIT, ¢ SES T. 0B b2 T 5, MR%E
H LT AT = — R BRER BT TEEL RN 5,
S HIZARFEEBRMICHE AT 2B OMEC T 1 ' X53%E
IZOWThiEimT Do

A

Fig. 1. Schematic illustration of the film under external strain.

1.2 |7, = 400C-EBT =)L —— 7, = 500°C-FilB7=—)L
: — 400°C— 4T = — 1.2| = 7 =500°C-| - |
} = T, = 400°C-EMRT=— )L 7, = S00°C-EMT =— )b
E — 1 L ey
_ 08} o8l !
Z g°
s 06 1 8 o6 ]
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x O : 1 @ o04f ]
0.21 § 1 0.2¢ E |
04 (a) (O o (b}
80 85 90 95 80 85 90 95

Temperature[K] Temperature[K]
Fig.2. Resistance(R)-Temperature curves for the annealing
temperature of (a) 400°C and (b) 500°C. (Red : Typical
annealing. Blue: Sample with applied strain)
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Preparation of RE-mixed RE123 thin films on metallic substrates by FF-MOD method

WO EEE, R BT, ok AL T E— (FFR);, &R /@2, KH ok, M E— (EKETL)
HORIGUCHI Keigo, OSAKI Eisuke, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.);
YOSHIHARA Tatsuhiko, HONDA Genki, KOBAYASHI Shinichi (Sumitomo Electric Industries, Ltd.)
E-mail: ¢5623071 @aoyama.ip

1. #%§

RE123 BRI, & O @\ RS i LB R AT D>
U TR T A A LV A~ OIS ADRED DIV TOD A, ik
B EAliAS T2 Z LM RFAR W LA IHIL T\ b, RE123
FEHRRAT X, AR A _EIC S Ot e % 2 il
L. ED_EIZ REI23 a2 vl ESEAHIET
SIS, RE123 A O i kO — DR 7 1
T AT A R LR B B S R B T R A IR R AT BN R
(MODYENZEITF HAv, HTh R AEE B 235 <R EBERIZ &
VIEHEA L Al HE/R 7 37U —MOD (FF-MOD)i%& T & h 1K=
ANTHY EPELIZEL TOB[1], TR I & Cl %
N4 52 LT BaxCus04Cla (Ba2342) i i 28 RE123 K04
W RS A7 2 Whid A AR R S e R T B &Iz,
Te METT5287< Je B3\ L9522 F RHLTHD2], =
DOFHETIIBA LR Z B IELUE AL SRS T, 200 A
e B ZD | AR T Y123 G L2 T
LUV DEE BRI A 5 Gd123 B R BIZ b D
5ILTUB[3], LAl FE-MOD % RE123 #EIZ 81757 +
FIRE ORI EA LRGN BRI, 22T, A
7% Cl, FF-MOD 1% RE123 #BEOER S i iRt o m) <0 2
il e 1) Ve A ol S DR R & HAFEL | (Y,Gd)123 %
B % 7245 F T IBAD AR FIT/ERIL 72,

2. EBAE

& JEALRk A (YxGdix) : Ba: Cu: Cl1=095:2:3:02(x=
0 — DTRALERER L3R Y123, Gd123 #iEsH LS
1B EOFR HEIRA(Y,GA) 123 IRiEAERL ., 2 dhldm L=
Ny 7 7f@REEHT5 IBAD HiR LICAE a2 —REIZLD
TR AT, Stk IBEL T, ZOWAG RBER 1 - 3 [l
VL7t | B e G CARBERRZAT V. B ISR T =—
ICEVERZEBEEHIFL 7, SHIZ, ZNH0 TREEEDIR LT
IS BERIE I C IV ERAE L=, (Y,Gd)123 IO A&
JEIZEAR 1 247208 100 nm TH 5, 55723 EHIRL T
XRD (ZXBHE PERE, SEM (X DM AR E 21T,
LI IIRIRE R NICBT D 1 &2l L 7=,

3 fEREER

ClZRIMLTzx = 0.5 DERKBER LHEMARAR IV ERLZ
(Yo5Gdo.5)123 JEREDORFANE 1 em 720 OIRIAZEFRIZIE(TT
KBTS leid, 3 BHEFE T Ile=111 A cm’!, 6 JEHET I =
112 A cm’, 9 JETHET 122 A em! &, EFEALICLDRER |,
o EIX RSN 5T, Fig. 11 RT 3 EEREE 6 JE
ORI ZIRELBLD, BB ISRl 2388 L <
WDZERDDD, —F, BERRLTZ 3 BD Y123 (x = 1){ED
238D CLERMN(Y0.5Gdos)123 (x = 0.5) @ e fERIL =L 2
A ledd (YosGdos)123(3fE) /Y1233 /&) B T87 A em’!,
E51Z(Y0sGdos) 123 % 3 JBBMLHEHT 117 A cm & I
A BT A RONT-, 2D FEOFE R XRD /3%
— % Fig. 210”7, WTHORBHIRB W THEL 001 B —2
DR TE T, FE Tl CLESIN(Y0.5Gdos) 123 RO Bk 5%
ot L OELRDERIE x OEEZE T
(YxGd1)123 HEIEORHEIZ DOV THERE T D,

Fig. 1. Secondary electron images of surface of (Y,Gd)123 thin
films with various thicknesses

(Yo5Gd, )Ba,Cu;0 Cly,on Y123(3 layer) |

Findex: (Y, Gd)123 Ba2342* x: unidentified 1
[Pop =3 Pa(O, / Ar), 780°C, 1 h ]
OA :in O, flow, 450°C, 6 h — 450 - 350°C, 12 h

-

0]
8 (Y.Gd)123(3 + 3 layer) / Y123(3 layer) %
- £ Q .
2 © g w3 53 E
B o= Qo 9 5 30 S‘! 1
cF 0° o285 = = 1
5is .8 5| ¢«| g g8 i
£L(8 &8 2| &3 e2il 2 5 ]
EE] e 3 &®° IR i
o m 1
107 JWUW i
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10°Hf
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10°E 1
4
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103 1 I 1 I 1 I
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]
[=]

30 40
26/ deg(Cu-K )
Fig. 2. Surface XRD patterns of c-axis oriented
(Y,Gd)123/Y123 thin films with various thicknesses
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The influence of composition on the properties for TFA-MOD La,_,Ba,CuQO, films
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RBAREA B O A BRI E D) &M LS5 2 &ITEA
BET)Z R ES®5 2L & RIS A O R HE
P& IR 5 FRIC . SRR LB AR (A REBa:CuzOy(REBCO)
I, BN T OEWN I AT T DI bk RSN
FEENTRY, TRd J FEOR EREEN TS, T
. Fix 1L REBCO MM 08k RIBEER BaFex(AsixPy):
(Bal22:P)EEIZB T, DF ¥ U T HEEREDTF 2 —=
VIRTG A= — I XD BIF T T e — T & QR
WE LD EEADRAICLY I Fttam bsws o L
W Eh L[], QOENZHNT 7 a—FI12 L D85 RA
F(la)& 2 & — LV AR (G) DIEBIT. Je DA E & IR
RAFIEEE R BIREE (Jaoc an?lan) T b1 L S® 5, —J7,
QR v ik® A E LTI, REBCO 4 & N Bal22:P
HIEO MO SMEICEEEZE 22, yae—L 2 b
7¢ BaMO3 (M = Sn, Zr, H) 7 /R T2 EH ALY =0 7))
ks, ThHoEG 7 7 r—FI12k Y, REBCO
W, 59 30%da D Je (4.2 K)%&, Bal22:P #EEOK 10%
Ja?D (42K EHT=, LoL, LiRoE T 7 e —F0fH
VETM OBRER T IRF S Ten,

F T AT, AT e =TI X D8 I MR
FHOANEE BRI 572, REBCO X Bal22:P #78F & 1%
FEHRFED 72 D LazaBaxCu04(LBCO) %[5 LT, T =
—= U IR T A= —L LT Bafllic L0 v U T
R L, £ LBCO HEOBRERHEIC KIE T2
WZDOWTHRET LTz,

2. EBRAE

Trifluoroacetates-Metal Organic Deposition(TFA-MOD){% %
FWC, Ba fEKO#E 72 % LBCO (x = 0.05 ~ 0.19)7# K %
LaAlO3(LAO)Hifili it Fob HIC/ERL U7, MRS BtE% X
FREPTIE, BAREREEZ D TR L 0 Bl L 7=,

3. EER#R

Fig. 1(a)lZ Ba ML D 72 5 LBCO WD T. #Rr7, X
L0 x=0.08 TN0.17 MARIZISUN T, L Teonset » Tzero %
=~ L7z, —7, Fig. 1(b)IZ~ ¥ B g5 Je 8t @4.2 K)IE,
Ba # DN ENEVMEZ R L, x=0.17 M TR &
Rote, B x=0.125 fHETOIRIEE 2 120 Teere i
WISHT, 18 BERINCEDbDTHDHEEZOND,
YA, Ba ko R D LBCO MO FEM 72 SEBRE
BWET 5,

TFA-MOD films on LaAIO,

3O'M

ao 20 +
'—
10
_*_Tczem
i? Tconset
0 1 1
(b) TFA-MOD films on LaAlO,
0.1
&
g
L
<
=
'_;J
0.01
4.2 K, self-field
0.04 0.08 0.12 0.16 0.20
X in La, ,Ba CuO,
Fig. 1 Ba dependence of (a) Tc and (b) J**(4.2 K) for

TFA-MOD Laz xBaxCuOs4 films.
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Fabrication of REBCO film on water soluble substrate
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PERY D NS W ENFRETH D,

FREEZN A/ NSV R D —21 REBCO ¥y RN
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2T, REBCO Mfi% I FER Hiz— BREL7-=05,
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DIEERFIL D,

AMWFFETITAIEME AR FIC REBCO A {ERI4 A D
FEREDGHEICHONWTEZERTD,
2. ERAE

FE BRI 1E NaCl(100) B fs db R AR &, LB H I

IBAD-CeO, FEM(FE A AR Z Y, #—7 v MZIFX LuBCO %
FAWTPLD IZ TRUEL 72, NaCliZfit 75 800°C THH DI
#L T LuBCO 39 640°CORRMEINHIESINTNBZEND,
NaCl D@l S AT CO RN P S 56]07], AFES KeF —
Fowl—F =%, =7 v R OBREEE 4 cm, 1
WIRFEA 635°C, W83y E% 0.1 Torr, A HE 10 Hz, L —
P =D —%5H) 150 m], RERERZ 1 FRIE L7,
VI NAERIEE  XRD AWM ORIEICE ST, e
D EMEE ML=,

3. BRLER

Fig.1 X XRD 12£% 0 -2 0 JlIEEDFE R TH 5, LUuBCO D
00/ —2%&IEH, BAEZZETR., HARH RO —272 I TE
NENRL TS, BRI ETIE ¢ @iiBdmL7z LuBCO 28
AREENT=—J7, NaCl £k EClid LuBCO 23EmkEh
Ba,Cl;0. Bay,CuClO,, CuCl = LuClO 7‘@5@5&:*@7&%&5&3%
72 NaCl ZE4R = BARIZIIAE R TR IZ Cl 2 AL TEAT
WAZENBHAM EIZHKE LT Lu, Ba, Cu EERDET5
ZEDHER ST,

MR ED S EBAS T IEEL T EARIREZ T CEWEE
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SNTWDBED, TN EOEBIEE K TIFEEL 2
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LDIRT 4 hRIN 4.2%TdD CeO, NHHIEEL THIFFSH
5,

PLEDZENG | RIEBCTORMBESAIZI50 T NaCl H:i

757

NaCl

Intensity [a.u.]

26[']
Fig.1 XRD 6 /2 6 —scan of each sample
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Property verification of YBCO-YPrBCO striped filaments using TFA-MOD process
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1. [ZC®HIZ

REBa;Cu;0, (REBCO) MAFIL, BV i SR L Rs s P i
REWMEEAAL, BEEHK~O6E H & ER LR EIREE
NTN5, BEEHIROREEE TR AT AR M LRDD
5. b RERBER THHEAT I AL BRI 57201
i%. REBCO #b 2 HIB LT D28 E 8 TH DI, ML
FIEELTL—F— LR R THEH, ZDIENITH,
BN T, I Ny T T A 7T =y TV NRE R~
72 FIE TR OB LKA BTV B[2], Ll —P—
N TR 0%, I TR EANRS B RICH xS T& 5 —
T, BB T HIFERIBENRE T30, Moo=y
CERITIZENE - R 72 AU BT T,

A5 TIE TFA-MOD &% V., YBa:Cus0, (YBCO)
kL. YBCO EREED a7 20 A Mk i i C IR i
B&72% Y,PriBa,Cu;0, (YPrBCO)IIR[3]E% . Mk
RAENZEAL , WEEEIEEEEO MBS L AN A
THEEDO R E A AT, ANTATHEE O E Fig. 11
IR, AREIE T, I OMRD — (A LR AR A AR L 7= 1
W&o Do | MR ORFIBEE MG 352N TED, ok
DGEGE LT T AT A Mt ST BT MO =y Y
HA=VHARIETE, YBCO Mkt Ot Bl m Lt L0
FUZHED B AR T A2 A2 L3 ifFs N5,

/
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Eir (ErmEk)

Fig. 1 Schematic diagram of a striped structure

2. RERAE

YBCO. YPrBCO ® TFA-MOD ¥t % & i L. 1§ 10 mm X
£X20 mm X E 4 0.50 mm O LaAlO; Hiif 5 FE b (100) 12
T AANL A —EEE B O CIRIR A BRI AT L, 1 AR
D YBCO IRIGHED M BEIC YPrBCO iK% 1 A% A1,
BE 3RO ERMABHEL - AN A T REERTERR L, RBE, A
B BET=— L EBIoT,

VERLL 7= AR e 2 AR 2 B ITIRIE L L T3 1B CRE
IR AR E L CRE S A A S L7, B 1, 7R
TS ZIROAHT 251, SRUBFR I I Pt ZRRIEL TD,
F gt B 2 IO O R W AR A FHRIL . 2k
HE BB, BN EREEZ R H LT, FANTA T
WERBIE DI DT YBCO HMGMHARE /ERLIL RIS O3
iz 32727z,

BRI T RIS IS THIZE L EPMA (BB 77—
<A77 FIAP)NTTCIRHESTEIT-T,

3 ER-ER
Fig. 2 (2, BERIE D AT A T HEEHIHBR L A O Y62 BHK
BEEERNT, REHICBEEIT 289777971372, 3

767

ROHBRAE BERE TETWDIEN DA, YBCO, YPrBCO @
BRIEIL, 2 FENA 160w m, BEEIEHRY 500 nm Téh-o7=,

EARIEFI160um

Fig. 2 Photo of three bordering lines observed with an
optical microscope (sample A)

Fig. 312, BERR R DANTA 7 IR B @ EPMA (12
£% Pr mHBE o TR, 2 B ORI A BiEL TR
FHRFIETIE, MR 5 TO 2 OIRZ VA3
DHIENEILIRDN, Fig. 305 2 IRITBABRIZED 51 T& T
WHEEZBND,

T BB REREIC T, YBCO HMMAR Clirigs
ER SRR L SFHBIL TR, SUMEEHIK 213 LMK
T Uiz, — HANTGA T REEMBR I, [FCARNE O B S
LT L% 55, EA B CEAMEREST-, ZhUTRiR =&
N, ARTA T REE R CTlEmy VX A=V MR C&E BT
DEHEEIND, FEERTIL, 2 IMOBEERE /L OFEMICD
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Measured property

Armatgri |
cryostat— 1 ) .
: Filled with
= LN, (65K)
e B Y
Gap/ 7
Field

windings !
Filled with \
GHe (65€) 1 :
_ U AR
Effective l 201 mm

length = 550 mm | !
Fig.2 Cross—section of the quarter model for thermal
analysis. The iron yoke on the outside of the armature

cryostat is omitted in the thermal analysis.

4. RITHER

FBCERIEINSN DU, KT 1.9 T OE RS
LHRIE 2.2X 107 T Oy DEEFF T, £DIH7004
FUZ LS TRBEERITIL 261.9 W OIBERETS, EHik
WROMEEEBLIRWGEAIZE AT 3.4 fFOHELTHY,
FBEEAR O IIRE 21T 3.8 K DEN LN, LIE. B
MR T BB UG AT T 309K FL 51.4 A 1272
5, LA EDXH7 BB OB IICBITDZEITH ) 10
MW (ZHARBENEL RITITNFEAE B L R NS DD,
B BAT R BN AT AT T DB L
TEeW, BREEHRE OB W TRECSR TOR
HELERMICAELLZ OB L R RETHD,

Table.1 Results of analysis.

AC - loss Without Boc With Boc

estimation

Windings Armature Field Armature Field

Biax [T] 1.2 1.9 1.2 1.9

AC loss [W] | 10.3X10°|  77.7 10.3X10°| 261.9

Thnas [K] 74.1 68.5 74.1 72.3

]C [A] at

B T 55.0 72.1 55.0 51.4
Brax: Maximum field applied to tape, 7. Maximum temperature
HE

AWFFED—ERIL, BHEWF R M B4 (21K20432) B LY
[E| AT FE B 38 VR N = kL% — - BE LTS & B J A
(NEDO)D B k&% T CHEfELIZH D Th 5,

S& Xk
1. H. Sasa et al.: Physica C, Vol. 580 (2021) 1353801.

Estimated property

W (B, Bpc, T,n) = W (B, Ic,1) @ (Bm) T W (B, Bpce, Te, e
1 Normal ization B = B X Ic(Bpce, Te) X nl ™7 A
A Fm = — g3 We(Ba) = @ (Brn) X (Ic(B T))zxnﬁ 25
= "’; Ic(Bpe, T) X n¥'~¥ = 2 erm m_y \CDcete e K m;
TN sl /L ! o=
- W (B, Ic(Bpc, T), ) S 2 j
= w(Bm) = mizL = Electromagnetic analysis =
— (Ic(Bpe, T))” xnr'=¥ > (Output: Bpe, Bpce) —
Field amplitude I Normalized Field - - - Field amplitude
B [pT] y,y': fitting parameters amplitude B Design of machine || Thermal analysis B [pT]
m of measured property . (Output: ng) (Output: T,) I

Fig.1 Procedure of AC loss estimation.
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P {E R E 2 s A T= intra—Layer No—Insulation (LNI) REBCO a1 /)L DB H
(1) ERREETIVIZCESEER

Development of an intra—layer—No-Insulation (LNI) REBCO coil with
resistance—controlled (RC) interface (1) Experiments on resistive interface model
HH B, I EGEE, & A, SR A (EER); KE Y /R B, f AR, Il @Ok, i il R
TANAKA Yuya, KAWAHATA Mizuho, TAKAHASHI Keisuke, TAKAO Tomoaki(Sophia Univ.);
SUETOMI Yu*, KOBAYASHI Kensuke, Piao Renzhong, YAMAZAKI Toshio, YANAGISAWA Yoshinori (RIKEN)
E-mail: y—tanaka—6d9@ecagle.sophia.ac.jp

1. [XCHIC

NMR°MRIZe & D% 8 CH)— 12 Te5 % B & 9~ 5 KA
EIRHTS~ 7 % v MEIRTIE, LA ¥ —&a A/ L8E LT
W5, ilEIZHEZ L 7-intra-Layer No-Insulation (LNDM %1%,
LA ¥ —4&REBCOa A /L& mEIREE 7 = 0 F o bIR#E
THREOICHEERTIETH D, LNIEIL, Eiakoimi &
LA =B L0 5 & LA Y —MIChm oz S
A — MEFATHTIETH D, a7 T FRITIE,
LA ¥ — D8 — NNEF A SRR & L CHRE
IAVERIEERRE AP ORET D,

LNI-REBCO =t A /LD 7 = FARFENE 1T, Hpbt & s —
I OBEMEHTR (pe)lC K E L 2T 22, —fFlé L
T. /M AlI-REBCO 900 MHz NMRfH @ =2 1 )L Tl
100 mQem>%k O FEHIRPIBINKETH B, £z, h—~H
A7)V BB BRI ORBRT THEMIREET b
OpfEVRRFFEND Z ENEETHD, TNLHDT Lnb,
TARF VBIRICEERED 7 ¢ 7 —%RE LI R ¥ U8
FEIZAWT, BIE30 pumfk T, 100 mQem & O H K HUE
BRI B 2 & o T & 2 K BPUH] B 5 if (resistance-
controlled (RC) interface) & K 9~ 2 FANBHFE IR W A 72,
AT, BREMAmET VERAW, FH7 4 7— DR
B RN pdlIZ G 2 B HBIZ OV TR RIZHONT
Wt 2,

2. ERAE

Fig. 1(22KDOREBCO#iAT (SuperPower Inc. SCS4050-AP)
LB BN O 72 B REM A E T T N OB E R T,
TR VSRR NS EBAR L AMERRAM IR B 0 T
BT E T TARBE TR S8, RAAR LT, RikEH%
BIE N ClE L, EHUEEV) & R miEA«E BT &'
72 b O & BEMIEPIRpa & B LT, TRF USRI,
60 wt% D TR 3 SIS (CTD-521), 30 Wt%DEENE T 5
—. 10Wt%Diikx 7 4 7 —MgO)» 67225, EEMET T
—ITITRIRR20 pmFEE DRy & BE & &b TRV,
MO (hifE ~20 um)ix, M EEOBEBEEME X, ¥
— R ARX VAR AR T 51O D AN—F—Dk
| & FFo,

3. RER#ER

Fig. 212/ R 2R T, M3 SRR pe, FRENEE
W7 47— @+ 2 FoOMT 4+ 7 —DEEaTH D,
K7 my M RSGETHEHEBWER LoV v TV oSEfET

4. FEH

AN—H— L LTOMME T 7 — BER B2 RA L

THEMNET 47 —F NS Z EIZX Y 100 mQem? R D
P % & Lo IRVOEPH CpedE 2 I FTREA>D . JBIEA330 pm
P2 L& 3 U KB A8 S I (resistance-controlled  (RC)
interface) XA T 5 Z L ITHD) Lo, AFEL, mERE
JEHTS~ 7% v hO&ERITNLE LTHLETH D,

W HDFEFETIE, RCHRMEDpedl 8 BB & Ok

JEINCKIT 2 REMEIC DOV T HET 2,

Resistance-controlled (RC) interface
(Contact area: A)

REBCO conductors
Inner
Outer
Tensgion, F
(only during

curing) l I

Fig. 1 Schematic of the short sample interface model

104
T=TTK
N 1,455 mQem? I=2A
5 10%F
=} 3
E F
- 100 mQem?
= F
2 [ [I-_l
w
m 10"
Al S = ;
s r E}] 1.16 mQecm?2
2 10l &
100 E : : :
& i T
1011

0% 10% 20% 30% 40% 50%
Copper/Graphite ~ The copper ratio over Copper/Graphite
0:100 the whole conductive filler, 50 :50

a=Cu/ (Cu + C(g)) (wit%)
Fig. 2 Measured contact resistivity pet values for the short
sample interface model

ABFED—5R1Z JSPS BHifF#E JP21K20419 35 L Ok

HD, puafBIL, 0=0wt% THKE1,455 mQem? & 72 0 | o’
T 212 LN > TR L, a=50wt% CT1.16 mQem? &
Teol, ZOXII, 2MOEE,T T —DRALEE
A EE 5 Z LI & 5 T1-1000 mQemZ K SRV T
pdBEZHIFITE D, a =5 wt%¥ 2 7L OWiH % FEEB

WRIERT AR AR BRI E OB L T e b D TH D,
*FIOEH OFTBITHRYREDO L D TH D,
SE XAk

[1] Y. Suetomi et al., SuST, 32 045003 (2019)
[2] Y. Suetomi et al., SuST, 34 064003 (2021)

BCBET S &/\‘ Iﬂf"%??ﬁ%ﬁ?@@@ SIES %0 umf [3] Y. Suetomi etal., Abstracts of CSSJ Conference, Vol. 104
EFFCEL RO T N UAFREE L FIL L TH D (2022) p. 64
MR ST,
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P {E R E 2 s A T= intra—Layer No—Insulation (LNI) REBCO a1 /)L DB H
(2) REERELI-a/LD 77 K 451

Development of an intra—layer—No-Insulation (LNI) REBCO coil with resistance—controlled (RC)
interface (2) Performance of a coil implemented with the interface at 77 K
JIE EGBE, M s, @E EE, A —th, R BB CERKR);
KE G, bk B, A AT, L 2O, B ikl (BRET)
KAWAHATA Mizuho, TANAKA Yuya, TAKAHASHI Keisuke, NAKAMURA Kazuya, TAKAO Tomoaki(Sophia Univ.) ;
SUETOMI Yu*, KOBAYASHI Kensuke, Piao Renzhong, YAMAZAKI Toshio, YANAGISAWA Yoshinori (RIKEN)
E-mail: m—kawahata—3b8@eagle.sophia.ac.jp

1. [XCHIC

AKAERE HTS ~ 7 2y MEZRIZHE L7 17— REBCO
AN OEH#EIEEL T, intra-Layer No-Insulation (LNI) 573
AL THD, LNI{EL, TGO EERL, F1A Y —M
W RS NIy — N AT AL T a sy
FIFIERA — hSTEIR S A /SRR LT BEL . A V%R
#9%, LNI-REBCO AN DY FRHEMEIT, bf L8R
—hDOEHITR (p) | THAF LR, /R HTS 22 /112iE 100
mQem? O ERFIBIN LT LD, 2O TRF T HEE
F & T K PUE 2 3R 0025 5 72 o HR BT R
(resistance-controlled (RC) interface) D HiAITBH T IZ VLA T2,

AU, AR OMRRBR CHEZE L= RC RuaFL
7= LNI-REBCO ZA/VE{ERIL Y —~ P AL DA
IV pa EOEALLIRE TR = FREOIRDIENI DOV TR
T RAE WG T 5,

2. EBAE

W 50 mm, 9 #—2 X8 L' A —® LNI-REBCO = A /L%
VERIL 7=, B4 2134052 L o> SuperPower Inc. SCS4050-AP
ZEMAL. 1.0kef OIESICTEMLUT-, RC Rl D= ¥ B
FND7 47 Bl A, HaFMEMg0)7 47 —10 wt%, EEM~
14730 wt%E Uiz, M7 47 —TIT e Bbn o A f
W, 7 47— AR ERICBIT DT 47— DEIE o 13 5 wit%
LLTm, ZDT 47— NO TR 28/l — O s B
Fil, BELAY—ORMERICHEESERBLER LT, &
% IR TR RN A RRE S AV INER ORI /6
—hMHIZ RC AmEEERLZ,

PERIL7= LNI-REBCO =AW, (1) iRIAZERIRIE
T 77 KIZHAEL (2) 2 A TR L EPFENERER, 3) =1
IV ERE, (4) BIRASOFIR, OV A7 V% 6 AR,
K- B WTEER T P DB IS5 L, LNT=2A L
DOEROEMEIFEE T NVICRIEERIEE T 1T 47
THIEIZID, pua fEEHEE LT,

3. ERKER

Fig. 1 \ZHIRLY —< /Y AT LD po EOEALER
T, BELLURTIEE RO LNI-REBCO =21 /L (Fig. 1(a)) )
Tl =~ AT AINERDZET pa DS 10 5K EL
7o ThfIT %, — 5T, RC FilaFEELIARIA LTI,
W pec 1T 21 mQem? [IZXFL, Y —~ /L A7V &I L
ToRER pa 1T 34 mQem? THIFIL . ZOELIiTH T 1.64
& Coh o7 (Fig.1(b)), o, —~ VA7V OEFETaA/L
BRI RHEI A LT, HIFET D 5T,

O RREREE F CRER I = F R BRE 77,
87.5 A(EANVIDI120%)ETHEIEE LAIEEIAT, 2L
BIEORW e 7 &P R BB LI, EES L,
ZHUTL AT — B ORCH i~ — b~ DB AN AIZ L
% HOREEICEDL D TH D, RBRAIE TaA L OEIE
FERFHEICZE T AT Sikidled o7, —Ji T, pofEiL,

RERETD34 mQem2)> 56 mQem2 2K F Lz, SHITh—<u
P AN ERROET L pefEIFHERL, 13 mQem? THIFIL 7=,
FThbh, af NV OWMEKEFIEDLRDST2— 5| pofElX
HEREANRRONZ, ZOEIZSHOBERLEETH 5,

4. F&H

RCHH % %% U7ZLNI-REBCO =2 A /LT, JH - 72 pedE A3
BoiL, TR —~< YA 7 UK L TRETHDLIE
DHERTE, 7 F oo H CAREM L RSNz, —F T,
7 2 U FHEDpeAll DTEAVIZ DNV TIZZE D AT =R L LSk
DIENLD LB TH D,

RIRBRE~ 7%y T, 2 A AINEBIZ#E O] 72 BREi %
FAHMAE DT ARERIEEAN AL STV D, SEO
RCHAMETERL AL, pefEZFBNALIT I > TEIRIYITRR ETE
HOT, REEIFE A BHRNICHAAALTLE a2 B
LEZLD,

T T T T

(@)

-
-

4 Before thermal cycles 7
o After thermal cycles

0.75

1.7 mQem?

0.25F

Central magnetic field, B.anter (MT)
o
(42]
T

(=]

02 03 04 08
time, t(s)

T T T

0 0.1

(b)

5 Before thermal cycles 7
o After thermal cycles

0.75

1!. 21 mQem?®

0.5

0.25

Central magnetic field, B,y (MT)

0 = - _.--‘_ L 1

Fig. 1 Magnetic field curves obtained in power supply
shutdown tests and simulated curves fitted to the
results :(a) dry-LNI-REBCO coil in previous work [3] and
(b) LNI-REBCO coil implemented with the RC interface.

AWFFEO—ERI% JSPS BHIFE: JP21K20419 35 L UL
e R T BRI O X B2 Z - b D Th 5,
*HIDZEH OB IR LEO LD TH D,

SE3Hk

[1] Y. Suetomi et al., SuST, 32 045003 (2019)

[2] Y. Suetomi et al., SuST, 34 064003 (2021)

[3] K. Takahashi et al., IEEE TAS, 32, 6 (2022)
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REBCO 32— a4 L DiEIRKEZzFDEREEER

Experiments on thermal runaway of REBCO 3 turn coils cooled with liquid hydrogen

A)IMELE, B0 EF(NIFS); KEIES, (I, R, A A, GHEEEEIEFR); A2 (RER);
/IARELBA(JAXA)
IMAGAWA Shinsaku, HAMAGUCHI Shinji (NIFS); OHYA Masayoshi, YAMAKAWA Yugo, NAKANISHI Keita, ISHIDA Yuto,
SHIMADA Ken (Kwansei Gakuin Univ.); SHIRAI Yasuyuki (Kyoto Univ.); KOBAYASHI Hiroaki (JAXA)
E-mail: imagawa@nifs.ac.jp

1. (LI

IR KFE CHEBEG AT LI 7o F R Al RE/ R
JEFAETHA L /e m iR B RS AL O R E BfEL TV
%, RPTRIICH LS T= REBCO T — 7 #bf & T, i
160 mm @ 3 X —rafVERWEL, IRIRE R B L ONRIA KR
IR W TEEERERAE R L7-, R, [ES 8 mm @
GFRP #IZHN T.L7-7EE 4 mm DiEIC 3 #—raA L &FE AL,
RTEOIEG B OB NGB THHASNAHELLZ (KM1E),
3 X —ra O 0.1 m OFFRIE, BHATNEE 3 mm
O S I LA L THbSE T2, ZEIHMES 0.1 mm D
REBCO #RUZ/EX 0.2 mm OFiT— 7% ¥RIIL 7= Sample 1 (S1)
L REBCO #RD %0 Sample 2 (S2)& 774 L7, FEfAEixiI/Es
125 um OB T LT =T DN—T Ty THEL LT,

2. ZILHDOBERER

SALER O BT 1 (B FEUE, 1 uViem) OGS - IR FERTF
MAE 2 1R, RO 77 K, B 2B TO 113 120 A7
DT, O U0 LI N THD, RIEAKFEFH TO—HOERER
BRIZRBWTC, SR EICBITD 1 DRAET 1%LINTHY, &
LRI e DHITET TV, 29 KE30 K 1T 72
— JVIRRBIZXISE LTV D, MY 770 OB EFHZITEE T
IZ+0.5 KFREDEENH D20, /NS DL T IXMNEE AL,
20-31 K TO n flix, EHoORERIKY 1T Tl 10 12U
ETHY, ARFERO FFIE->TERTL 100 A 35T 2.5 F2
WU D, S2 1, S1 X0 1e MRV, Ak EFIZHED n
EOE T8 RL, 80 A T DBEFRIL S1 LRI LD,

3. WIAKZDORREER

B EFERICBUABIELEE ORI AL 1 filEX 3 12
Y, BE RN AE 757 R T 50 Als DI ABRIRL
7208, 72 TR (0.1 V, 0.1 ) 2ME T 945.6 s (ZEFTANHE
WrS 17z, REBCO MO LI Iz R0 7 IR EE B (4 8k -
J—<VEREVE ) 1T 100 K B2 7-2 8% RL W5, EHE
0.1V fHTETIEFRE LN HLER IR ES N TD,

R ERBERMEORERFEERX 4 177, 22T, &
bR 0.1 Als TEIR LA P HAVNIEFRIRR TS L0 E
JE V2 (FBEFE 0.1 m) D _EF-RA8 0.2 mVis LipoTz szl
FERBRE LT, ZOBEWMELL T TIIm AL EL V25, S1
® 30 K, 2.1 T TORZEMBBERENE /2> TODIRA,
#oslE 77 0.96 MPa OFFIIREE 31.0 K (2 LT 1-2 K 21H&
WY T 7 — LREETho7-T-H EEZ B, SI DB HELE
(B E1 > Z2 8 BRAUL, V2 728 11-15 mV, Sk Eprh i B TC1
2N 40 K FRETHY, S21% 8-10 mV, 35 K F2ETH D, S1 DEL
SEEABIAT ARG S2 D 15-1.8(5THY, HAImED=E
LA D, BRERBEROIRERAIIECNTHD— T
T, BT O RITIEE THD,

300 A B CTOENREEBRTIE, BAEENZ EHL 300 KE
BB —AND Tz, ZOLGEITITEIE~OEE DAL
D, FNLISNIRE IR DI TERR R IR Eo7-8 B 2B
%o £o7C, BAFEBIAIX, BIRRE ERICEDREMNE
R BRI ALY KREARDEERTHD,

HHEE  ARHFZEIE, NIFSIH:[RIHFFENIFS23MIS009D X 2D i
FEhaXnFEL,

n

Eﬂﬁ(REBCO 3 turn coil)
S ARSI L (DR TRS)
~— IniBe—4
Fig. 1. Setup of a sample cooled with liquid hydrogen.

. 0 NS i ' lcat77 K, 0 T (self field)
& @ wz S.4IA
] 1
7. 5 1
g S0p |—=—stat217 3
2 —=—S1at0T
3 W[ —|—s2at217T 1
S 20 &________b__________q
o0 L L]
18 20 22 24 26 28 30 32

Temperature (K)
Fig. 2. Ic of damaged part of Sample 1 (S1) and 2 (S2).

no.0037 (25K, 2.1 T, 1strun)™
2001 Ramp down by 50 Ajs

150 |

Shutoff
! 1100

e 80

1 (whole length)
——V?2 (damaged part)
......... | (current)

—TC1|

100 | 60

140

Voltage (mV), Current, [ (A)

(M) 101 ‘eimesadwa] sidwesg

50 L2
0 __|4 i L -- P T L P — - 20
942 943 944 945 946 947
Time (s)

Fig. 3. Voltage and temperature of Sample 2 during thermal
runaway testat 25 K, 2.1 T.

< A0 T it > 0.2/mVis |
= o S1at21T B, -
B B0 o s1amoT [ Tromd |
3 S2at2.1T a-

> 3001 « s2at1.75T

= S2at14T

g 250 Subcool
€ e G I B I
S 200 ]
£ 4 +<— Subcool (0.40 MPa)
[1}] 1
L " I — . " | " L N 1 b |
= 80 20 25 30

Temperature (K)
Fig. 4. Thermal runaway currents in liquid hydrogen.
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ATFULRT—T%#HELT- YBCO T\ —FaA/ )LD FiiBLF
AC loss properties of YBCO double pancake coils
with co-winding of stainless—steel tapes

JEAR IR, AR VEA, I B (EELVR B KF) B BT (NIFS)
YUTA Motoki, ATSUTO Suruki, AKIFUMI Kawagoe(Kagoshima University);NAOKI Hirano (NIFS)
E-mail: k3053003@kadai.jp

1. [IL®IC

REBCO ###f % KRS A3 28 50T, Bkx 7B TiTh
NTWD, BEFRAIGH T, 2—r MA T TIOEHRL
T %o A L DORFZEL D DIV TS, RBFFETIE, ATV
VAT — T HEX LA TN —Fa VIR TR E
ATV, ZORFARRRHE AT L7211,

2. HrF)LaqiL

PN, iE 4.25mm, JEE 60pum D YBCO bt (I
=85 A at 77 K s.f)&, 18 4.25mm, EX 30um DAT VAT
— 7 (SUS316L) 2 B U= T N r—Fa ()L THD, 2
ANOHETZNE 30mm, SME 63.5mm T, ST NN
—FaALRIIZIE 0.5mm EDAR—H R ASIN TS, =
AVEEROESIL Imm THD, ¥ —2HiL 186 X —1 X2 D
372 Z—2Thd, X — BRI MBI AR5
EEZBNDOT, FFEOERIETER LoV E 4 D
L7~

3. HIERE

Fig1 12, o7 naf VORFERERET 5 EEKKX
BRT, T vaf ViZlEL, v aAf Lo
W L ER O — AW S L TRk Lk, ¥
VTN AL NVOEFITIIRE RHFEELER IV EEND
728, v afVOBEEEZWESYy Y T
WZXk o TRIERE 2 E S, Fvorkradf g, @
A ICEINIRA LR R T v 20 Zklla A LT
b5, WEEBTIREZ 2.9~24A, EWEIE 1~30Hz TH
T L7,

4. BIEHR

Fig. 2 IZRHEIMERRO—HlERT, o7 nad
v 1 CHIE SN BIHKEE T D, Mt IS jiia sk U —,
R @ B E R ORIEZ R LTV D, [P OERITE, Zhe

IO 2 FIZLLHI T DEARE 3 FITHBITHEBRERLT
W5, B ST, BRI EERIBIRED 3 FlLLpl T 25
MHTHHOT, ATV A RN KEA THLHEE 2 HND,
FERECCIE, X HE ML E R IC L DR AR LI
95728, BIRIRIED 2 FlZHHITHRPEISE SOV TN
%, EOFEBEHEETH, mERIK CIHEE N REA25MH M
N5, BIHEMZAS R EREEOK FICER T 5LE
2bhb,

Fig. 3 |12, AU R D JEBEARAF AR R 37, MEdhix, 230
BRNRT—Z AR CEl -1, ZFEaE AL =D
KT RLX —ThD, BIRIE 8.5A DEXDFERTHD,
T Na v 1~4 OF —ZEHFETND, DWThoa il
THE WA T2 BNEBIS I CD, ZORSY D3
AHEETHHEE ZDND, A, EEREIEEZEL 2N
ATV ABLTHHEE 2 NS, P ORRIE, £aA Lo
HEME KBTIy T4 T LTmb D ThHD, ZDE
DL HFIRL TS, HEBFEABRIORESERLA
ANZ LD DERBREN TS, FRZaAL 1 Moo=
AINZEEAT 30%035 40% K EW, X— BHEHIIES SV
TFHDEEZ LIS, —FF, EATUL R RLE 2 LNLH)

DEIZHIESSENBHESH TN, AL 4 M= AL
AT 25~30%I1FEREN, B — B3 AL 4 OH ST
DHDTHHT-ZENHEREE ZHND,

5. F&®

AT UV AT =T R E LT TN A —F T )L DR
TR RHE AT o7, AR IEEAT I AR OM )
BREhDRER o7, FIRRIZER L2/ LT, fiAHE
Ked 3~4 BIFEE XD O RER ST, MM FHEDIXD DX
HZEBL CeAT IV AB RO R ZFHE 2 L ERH D,

SE Xk
[1IN. Hirano, et al.: Abstract of CSJ Conference, Vol. 104
(2022), p. 48.

s
m by

Fig. 1 The circuit to measure ac losses in REBCO coil.

oc ]m3

Fig.2 Transport current dependencies of AC losses in the
sample coil 1

Fig.3 Frequency dependences of AC losses in the sample
coils 1-4.
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Ac loss measurement method of HTS coil coupled with magnetic materials

L K, P 2, B A OOR); B BROER); WE Mz GER)
UEGAKI Hiiragi, HIRANO Takayuki, SOGABE Yusuke (Kyoto U.); FUKUI Satoshi (Niigata U.); Amemiya Naoyuki (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [XL®HIZ

HTS aANVERHMEREMAEDEDE, ERICEST
HTS #M DR 2R 0 AN LT 5720, B A EBILS
RTRBRNEALT D, T2, WIEENETTHERT U 2 5k
ROV ETENELD, FDT=80 HTS oA /L ERENEAR AR
HEDETZREERIZONWTRIE LB LD HTS 2V H

RORFARRZINDT2DITIT, BMEARTECDHEREHEEL,

HELTARRDNOEL SN DD, AWFIETIE, BitEAL
LTHREN NSOV ER S LE WS AT W TR R
ZRDOD IR OV TR LI,

2. AEXRILIL

SuperPower Inc. 5 5% 87 1R M= B AR A %2 VT Table 1
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Table 1. Specification of the HTS coil and magnetic cores.

Number of turns 60 (30 x 2)
Inner diameter d 60 mm
Inductance without core Lwoc 383 uH
Inductance with core Lwe 650 uH
Magnetic core SermaLoy®
Core diameter 80 mm
Core thickness 20 mm

Fig. 1 The photo of the HTS coil assembly with magnetic cores.

Magnetic core
LY

........ \

omm T F L

LY

HTS

20 mm | \ : | GFRP

80 mm

Fig. 2 Cross section of the HTS coil with magnetic cores.
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Fig. 3 Measured ac loss of HTS coil with/without core,
measured joule loss of copper coil with/without core and
estimated iron loss at 45 Hz, 77 K. A few negative iron
loss values caused by error are not drawn.
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Fig. 1 Viscosity as function of TELENE® and CTD101k® as a
function of high Cp fillers.
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Fig. 2 Specific heat vs. temperature for pure and mixed
TELENE® resins in absence of external magnetic field.
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Fig. 3. Thermal conductivity vs. temperature for pure and mixed
TELENE® resins in absence of external magnetic field.
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Fig. 1 Discoloration process of the resin samples before
gamma ray irradiation and after 5 MGy and 9 MGy irradiation.

I'
i Sample
I3

2F -

SHIMADZU AG-5000C Three-point bending test setup
Fig. 2 Experimental equipment for the three-point bending
measurement.
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Fig. 3 Stress-strain properties of the resins (a) before
irradiation and (b) after 5 MGy irradiation.
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Fig. 4 (a) Flexural strength and (b) flexural modulus of the
resins as a function of irradiation dose.
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Table 1. Classification of Induction Heating Methods.
Conventional method Advanced method

Proposed method

HTS coil HTS bulk
(Rotation)

Electromagnet Billet
]% (Rotation)
H [T
Capacitor bank A Billet— 77

Schematic layout Billet ‘ Motor ’: |
Y

DC magnetic field /

HTS coil

=

DC magnetic field

j

Speed electromotive force

3
AEE
E

AC magnetic field

Heating principle Faraday’s law Speed electromotive force

Magnetic field AC field DC field DC field
Magnetic field Stationary state Stationary state Rotation state
generator (Electromagnet) (Superconducting magnet) (Superconducting bulk)
Heating object Stationary state Rotating state Stationary state
Reactive power Required

None None

compensation (Voltage capacity reduction)
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Fig.1 Schematic of cryocooler system
((a) inside, (b) appearance).
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Fig.2 Temperature dependence of quality factor of
superconducting bulk coil.
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A study on the magnetic levitation force characteristics of a magnetic levitation type seismic

isolation device with superconducting coils

Yer R AEY (R L3 mEEM2R)
SASAKI Shuhei (National Institute of Technology, Fukushima College)
E-mail: sasaki—s@fukushima—nct.ac.jp

1. [ZC®HIZ

MR EZ G570, BEEEEAVWERRE
H 0 AL D BR S A D CEI[1], AREEEOFEMIC
%, RE EJIORERDPARFRI R THY, ZO7DIIEEE
SV IR ORFER NS EEEIT 05, #kko Bl KAk
B D AR — 2L, AINECEL O e 03 i E &
2%, LU, WENEICL DB BRE T #ELL, BLEM TR
Wz B, FZT, AWFIETIE, BEEEEOIEREX DT
I, BEERMZAOCUEROBEEaAOLVEERL, X
VIR LA G DR T BRI E TR E R LT,

2. KAHAL—ILEBEERMOAIL

EEBTHAKIREA L — BT, KARA %
L CHRE IS SE TH Radial AR L=, S50, Fi-l2
KABEA L —NVEGRT, L=V REFmSE =27 e —
NEZZELU (Fig. 1 HR) , KARA L — /L ORI T 2 AR
TR T DI (TE DI M) B EL, KARAL —
JVTEIRR DPM rail-pM rait 2 70 mm EL72,

FERIZBWTL, RORSS, BHIREZEL, @8
B LUK (B 32 mm, JES 5 mm) O (2 H8 5S4
BEREXMT, BB EIANELILZ, A0 KREXITIME
46 mm, PN 33 mm EL7= (Fig. 2 BR), 728, MEEHRA
VEEFA T T BRSNS, a4 BT WEAE Lo
DI-BSCCO®% i L 7=,

‘ Dy mit-pyt it = 70 mm
e >

PM rail (Length (x) = 100 mm)

Digital
force
o gauge

HTS coil ]25 mm
Lz =0mm
-
(I)_‘ =
y 10 mm

¥ (a) Initial position at the magnetic pole boundary

z stage

Up
—_ A
Gap H Gap
=12mm " =12mm
«
z [ gl z=-12.5mm
-
. 33mm S = N
¥ 46 mm Magnetization
x direction

(b) Initial position at the center of the magnetic pole
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Fig. 2 Sample of the HTS bulk and HTS coil.
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Fig. 3 Restoring force characteristics to the initial
position at the magnetic pole boundary.
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Fig. 4 Restoring force characteristics to the initial
position at the center of the magnetic pole.

EiE3
AWFIED—EBITATE B A K T3 72T O
B EZ T T b D THD,

SE 3
1. xR B, RiF B, =3 K, #H HERE
£ CEE B, Vol. 140, No. 3, (2020), pp.154-161

106 20234 AL T - MEEY R



1B-a04

BiBE - W

DAV EDEREIRD-ODIEHIRER[ T I 2ZE AN RSB TOEX
Magnetic Separation Process using Magnetic Ball Filters for Concentration and
Recovery of Risk Substances

(AT 58, & 5%, HE —m (R
EMURA Hiroshi, YOSHIDA Gen, IHARA Ikko (Kobe University)
E-mail: 221a003a@stu.kobe-u.ac.jp

1. IRER

KERELIZI T, PPCPs ([EFEMPLWES R E D/ N—Y T
AT L) S OUAZWE O BRI A IR RIS LR
Bh RFTRENDD, UAZWEOFIEL T, BEBEKICE
B35 A BUEAID T Bib, ZHUTBRBEILRIC L0
FIMHE R DI A DV AT BB D[1], VAZYE OBRBIIEES
IEIXRBETHY, VAZWEEFEKGEN DL, HEL P
DT=DITEN T DI EMNROBND, AT TIE, FEAKND
YR W %5y B - [T AR E L TRER 7 4 v 2 % T
B AR ST B35 B Uiz, BER 7 A VA Bl S L T= x5
WVBEIZHRIL, MRS TIANENLDEINMNEBR TS, L
ML, BEGOMRG LA BLSORBICIY, /LW
B OENRIMENZ ERFERTE AL TVB[2], BBV T,
Verir ik S MR il L, xR BEAKITKL TR R MR R4 52
B A2 ENIEE(LBICITEELV, T70bD, R 71V
A O A 2R & i A 2 A W N S D o B B 7 e
AR DM TH D, RHFIETIE, BV AP E LTl
MR 7% FAVT, @IRME RS T I DR 0 B - [
TR ONTREL-,

2. EBRAE

FEBE K E LT, BiA A k& WV CREMER TR 50
mg/L DR 1.8 L e, BRI LU T, ~ 7 3F A
fER LT, WK 7 4V 2 E LT SUS440C BRAIEI L= v =R
B, IAY DEAN L DR ZE % R oG R r BEE E (F
KUY 0.6 T IZHEEL, EBRICHE LTz, MR T IR
TR BR SRR T- D3 BERBR 21T 572 (Fig.1), 3\ T
FIINREG 2 R BR U BE AT o 72 1%, IRME(S RN 30 f5L
22D IO AR B 7 LR 1 O R GRBR 21 T 72,
BfE=R C () MBEHLE,

C=b/s )
T 2T b IR TR E(L), s (X EIERE(DL) THD,

Pump

6

Magnetic particle solution

SUS440C

Fig.1 Apparatus for magnetic separation

AR S BE 3R A I T L R D SR BE 2B LT,
TRIRE DM BB L, X (2), 3), @) MBoyEER
S (%), TR EENERIILE R (%) £ L TR ABEMER|IVER
Ri(%)EHEHLI,

S=c/l 2
Re=r/c 3)
Ri=r/I 4)

ZIT ¢ I EERBRIC Lo T Z TSRS U REMERL T
SrBERE (), @ X BERBRICEER LIS ICE B T AR

HiF 5 (), r IZEMGERER TD T 1L Z0 b O REMRL - [FIIL
& (g) ThH2D,

3. ERBLUEE

RS BERERIZ I T, Sy BiEbiE A 5.4 mL/s LHEI 754,
21 mL/s TIE~=7 REANTHEEER 99%FE T O BRE ]I X AE
STz, ST B B O KITBE R B 1 v A0 @l ki &
H32L582060%, LPLaBEREZEKIZTHE, KT
YER$ DAV RDOR T 7 73538 K RSy B A3 K L2 7
LEREMENHY, HENLETHD,

EREREEE 30 fFELT-EIGERBRIZRBWT, B E 12
mL/s T, 3.0 mL/s X° 5.4 mL/s &H#RTBE~ T RZ AN
UL 84.8%&EE<AnoT2A3, it St KIZEES [ RO BN
VB Uiz, - mIATR B3 BRI 2 A BT A
LEIEINI2 o T, BB LDV AV Y E DO IEELZ AR E
L7z, [EHR S a ni 3- 2 M BEA 65, 7255 Bl 7
21 mL/s TOREEZOEIIZIBNT, BT 31.5%EK<
Tpolz, DEEGIEL RIS A 5 2 e RIBS T, 7
AIVEFHREIEITRRD 55%HIK FEEHE, BILRT
i L L7=(Fig2), RO FICIVEY2a— NIk EN
T2 AR —ZNEN R FICHF G LI E 25D,

100 O capture volume
based
® input volume

~ 80 based
=
8 60
I+
=
g 40
5]
]
3
~ 20

0

10 25 40 55
Ball filter filling rate (%)
Fig. 2 Effect of Ball filter filling rate on recovery rate

4. FEH

BV B O HEANT LY 43 B R P LD S v 7z, B &
VEENRICE R 5 2 7203, BIAIR SRR S 2.5
FEIT/ &) o7z, BRI, K7V F TRIEREE
RREL T AZENEETHHIENHLIN 25T,

Bl
AT SCRA B 20H03107 D 32415 T b=,

S XHk

1. FJ. Angulo, et al.: Origins and Consequences of
Antimicrobial-Resistant Nontyphoidal Salmonella:
Implications for the Use of Fluoroquinolones in Food
Animals, Microbial Drug Resistance, Vol. 6 (2000) pp.77-83.

2. P. Kampeis, et al.: Einsatz von Magnetfiltern in der
Bioverfahrenstechnik Teil 1: Vergleich verschiedener
Verfahren zum Riickspiilen der Magnetfilter, Chemie
Ingenieur Technik, Vol. 81 (2009) pp.275-281.

106 20234 KA T2 - WAEEY R



1B-a05

BEBL - WG

BRUBRY AT LART Bi2223 BIcEY T X v b DR —MHaefHlaiR-

Testing of Bi2223 superconducting magnet for magnetic refrigeration system
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Table |  Specifications of Bi2223 Superconducting Magnet
Main coil  Shield coil
(16DP)  (4DPX2)
Inner diameter [mm] 142 150
Outer diameter [mm] 238 226
Height [mm] 166 41

3592 T14X2
(224.5/DP) (178.5/DP)
Operating current (1op) [A] 300
Central magnetic field (Bo) [T] 4.8

Number of turns

r;
Upper plate \1?:?

Vertical cooling

plate #1
Vertical cooling
Cooling sheets plate #2
between DPs v
o e Diodes
Lower plate 1%

Fig. 1 Cooling structure of the Bi2223 ;Ilagnet.
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Fig.2 Magnet temperature as a function of time at 20 K
operation.

Fig.3 Magnet voltage as a function of operation current at
30 K operation.
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Fig. 1. Conceptual diagram of a microgrid using SMES cable.
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Fig. 2. Example of compensating operation for the most severe

output change of PV in the microgrid.
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Table 1. Energy use efficiency and the corresponding cost estimated for various power supply configurations.

energy electricity electricit energy Allowable
energy utilization energy directly Y cost cost for
N b s i g annual supply by & T
Case PV wwdreasn | bkt demand utilization efficiency utilization i suppled Kvdroden for installing
ydrog y balancin efficiency (clear efficiency effici r?c by PV Y forg 30 years: SMES cable:
9 (cloudy day) sometimes (clear day) —— for 30 present, present,
cloudy day) 30 years Sears. future future

Case O 10 MW 10 MW NG
Case B 1OMW  10MW  10MW - NG
Case H ~ 10 MW 2 = OK 30% 30% 30% 30% 176Twh 7o Bven,
53 Byan
Case SB 10MW  10MW  10MW  60MJ oK 32% 37% 43% 38% 052TWh  124Twh 14Byen.  38Byen,
4 & 42 Byen 8 Byen
o o 133 Byen, 42 Byen,
Case S oMW 10MW = 500 MJ oK 32% 38% 43% 38% 052TWh  123Twh ¥R P
- 121 Byen, 54 Byen,
CaseS15  15MW  10MW 5 750 MJ oK 34% 41% 46% 41% 068TWh  107Twn IOV it
- e 113 Byen, 62 Byen,
CaseS19  19MW  10MW - 1G4 oK 35% 43% 48% 43% 077TWh  098TWh ' g¥en st
CaseSB19  19MW  10MW  10MW  120MJ oK 35% 43% 48% 43% 077TWh  099Twh 14Byen.  58Byen,
. . 37 Byen 13 Byen

“Byen” means billion yen. The costs are estimated both from present unit cost of energy and from future one, and are listed above
and below in each cell, respectively. The battery is assumed to be replaced twice every 30 years due to its lifetime.
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Development of superconducting magnets for LHC luminosity upgrade (18)
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L

Fig. 1. 3D CAD model of the completed MBXF cold mass.

Fig. 2. MBXF cold mass prototype assembled into
the cryostat.
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Development of superconducting magnets for LHC luminosity upgrade (19)
— Test results of the first series magnet
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Fig. 1: Training summary of MBXF1.

e Varistor o 25mohm © 50 mohm
; L T T
g_, 600;'—'""t ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
S L e
° L
2 400
© [ °
(3] [ .
€ 200 . /
E I
.E [0 L L
S 9 5 10

Shut-off current (kA)

Fig. 2: Measured magnet terminal voltage for the varis-
tor and the fixed resistances (Rgy), 25 m$2 and 50 mS2.
The data for Rgy were derived from the prototype test

in 2021.
* MBXF1 results (1st thermal cycle)
2% MBXF1 results (2nd thermal cycle)
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Fig. 3: MBXF1’s field quality compared with the de-
sign value.
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Development of Aluminum Stabilized MgB, Conductor for Thin Solenoid Coil of Particle Detector
Aiming High Transparency
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Fig.2 A generated magnetic fields detected by Hall
sensors being oriented from pulsed quench initiations.

8. #itF
ARUPFEIT R AR Al B & BRARRTSE (B) BRUEE 5
21HO1100 (X3 fEHEE) OBIRE 2T TITh i,

S &Rk

1. A. Yamamoto, et al.: IEEE. Trans. Appl. Supercond. Vol. 9
(1999) p.852

2. A. Lee, et al.: Cryogenics, Vol. 32 (1992) p.863.

5510610

20234 PERKF IR T2 - MR PR



1B-p04

JT-60SA BEEI(JLDFE _MEERHER

Second operation result of JT-60SA superconducting coil
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Completion of ITER TF coil manufacturing
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Fig.3 Final TF coil (TF19) manufactured in Japan.
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1. [ZC®HIZ

REBCO a—7vRav 72 —OBRBHEATERY, BifE
TREEN 20 K <0 65 K TfRIZRBIT DRI HE B L@ s
EIEERMEREN EAZEEN TS, 2O HIOT-HI12IX
REBCO it ~d A T 1k H 0 (APC) D738 A
DA THY, LVEIERED APC DEAICE>TE VLD A
D EREROTZENLETHS, FlZiE NbTi 4@ RAS
DOFHFERE LD HONT o-Ti FIZENHSHTHY, Dk
RO LERIT 2530%I1F8 THDH, D LR,
REBCO #2311 % APC OFRFE 0 ERRITZ LT
LMKV, L REBCO #2385 T o-Ti OFFE S HE LR
LoULET APC BANFIREERD720I1E, BIEELVL IS5
WER BT J MRS DD LIRSS, BLRES T
REBCO #EH1 > APC #EED FRRAS 5~10%FLE THHZE
IZERETHD > TNND, D203 22 TlE, ZOMEZTAPC K
FESY RO FIRRE ) LS8 5, FHKHEL T APC
NI XX vV E, fELx O RO, Sz
BT RBEOR K, BLOE MG RN LB
EEFSADRD | L2 NEZ BN, FIZIE, APC EAIZ
PEH 5L LB TR RIBIE L= R ¥ — DI T &4

&, APC I COMFIRE Te DX F 25 [ S, 99 Fio,

TR R M=o UK b SRS S B IEAS D20,
APC & REBCO St OMB{REIR T/ 3T A—F DIALFEIRIC
o0, BRI IO OERTHRAECLAREELHD, Z0 L
IR AN REEE DS T L S AICRE 7Y APC i
ZRHT LT REHL, ZZTAFZE T, £9°. APC
JED _ERITEIZH1T 5 REBCO OB E e 7% o
FVEDNRIE TGRS LIS OV TR, APC (K5
RO _L[RIBEA RS-0 D% 021552 L2 BT,

2. EBRAEBIUBHTE

AWFFE T, PLD 751259 BHO /v APC %3 AL7=-
GdBCO % TBAD-CeO; FEM FICERIL 7=, #—4 v MNE
4.0, 4.5, 5.0, 5.5 wt% BHO ¥l GdBCO #ffHL7-, PLD
ZEIT AR 760-840°C, FEFR 43+ 300 mTorr, FEAk IR
Bl 60 mm, L—HEEENT 10, 100 Hz, L —F =x/LF
—12300 mJ/pulse T o7z, MERLIZFAEHT XRD (2L 51 E
fiRHT . PPMS 125 Jo, TS5 OB =EEMEZEAL, TEM, STEM
W LD AR E AT o 7o, BIEF OZE XX v /L EIC
BHL Ci%. GPA (Geometrical Phase Analysis) fi#f7<>, <A~
T AR = A SN E T T Mk T2, F72,
TDGL (Ff[El{&7F Ginzburg-Landau) > I=l—3 a2 % T
M7 APC RIZHRITHERIIE LD DIZBTH3HmS
i Y

3. BRLER

L—HERE 10 Hz TRz el Tid BHO
DNMECTR B R B2 U, ¢ ST T2 /ey RO R A BIER
SN, L@ EBREMTCIT T ay RSB, Bk
HEIT B DJBARREENHNDZEN TEM BEIZLD R

iz, (Fig.l Z8R) xR~y 7iciiud, Znbik BHO
W CTHDHI LRI NIz, ZOLX T DR T EIRIT I HF
HEOLHELBIHIS -, BlEshoT /ay bR~
WL, BHO IRINCEI B X — D KEEMT5
T-2OIAELDEEZOND, /Y RiEEDEIL ¢ #hihmH
O J FEOBLESI R T THAY, —F, L—V
100 Hz (ko TSN =30 G, i my R i
IR D73, BHO mEHREMITIIERIEOME M 2 54,
Je. T OHEBBBIS N, UL XD SRR Iz
T, BT RF—OREFEB) )5S NI > TV D
TENWRIBEND, FEHNCOWTIEY B8R T 2,

(a)

(b)

Fig.l Cross-sectional TEM photograph of a BHO-
introduced REBCO thin film fabricated at a laser
frequency of 10 Hz. (a) TEM cross-sectional photograph,
(b) Hf element mapping by EDX.
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Attempts to improve critical current characteristics by introduction of stacking faults
in RE123 thin films prepared by FF-MOD method
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1. [XC®HIC

REBaxCu3zOy(RE123, RE : A L3Ht#)iE. 90 K X Dm0
RSB E AR B P THRWIERBEREE 2Ry 2L
M5, BBRERM LU URIE S TS, RE123 #ER/ER
HBoOPTH 7 vHET Y —HHEE R BB fR(FF-MOD) %
I, WE T RE A A T 5 RS E LT O EREFE
KTHLNA DB VEEEN G TE S FETH S,
LU, oo FEICH~T RE123 BORE R &L, NIRK
R = TR A= D IRNZ DD B T T Je MEW
TERFREE S TND, A DI NETOMIZEIZ L Y FF-
MOD % Y123 #a 5 Kk 2K KR RS . 500°C LL N D
IR CHRBULE ST D LX), REI23 OFEZEMETHS
RE2BasCus0is.5 (RE247) X REBaxCusOs (RE124)IZ 5N 5
Cu-O _ESUTHELIL 7 E ORI KRB ERLL[1], & D%
FERN A E R DI ETERES T To I NELLM L2
TEERM U, —J7, Y123 #EEIRL, Ra—MMEOT =—
NITEE RS ACHE I THDHIEL D> TE TS, UL
D DL E, AMFFETIL FF-MOD % RE123 #EIZBI172
FERE K M NI LA G R BRSO ES B oL, Bfs
StTiOs BICHEL 7= Y123 M L OMEAE T4:8 FF-
MOD 7% Gd123 #f ot LT, iR ClBRIREE# HIZ A<
VBV TR Ag JBETRR L1 . % BVILERAITV VR E K
e DB A%k T-,
2. RBRAE

DUFICEAE LA G123 #4 & F Wi e o D7 1E% 3
9, TUE=T AKREBERLAKEKRE AT Ag Ri#fEEERE
L7cth, Ag A3 8% 0-40 s {7V JEZ 0-20 nm O Ag J8%
Gd123 JEOREIZFERLT=%, Pox= 1 kPa, 400°C T 1-12 h

BEVLEEL | IRFE T =— V& T o1, BONTZHEHI SN T,

XRD HIE I L0 A% . SQUID BEH 7H I LA RALHIEN S
B A R L 72,
3. HEREBE

Fig. 112 Ag A/ 3w Z il % 10,40 s L. Po2=1 kPa, 400°C,
1hHLLIE 12 h THREVLEL 725080 XRD /37— 27T,
Ag JEDIENEALCH BB DT R IZFEV, Gd123 @ 00l
BN T BRI 0T 280, Ag JBDES L% BLEL Y
M2 K i L (B 5 2 3 o7z, Fig. 2 1ZERAR
5% 40 s TV BEVLERL 738D Je DR K T A T,
BESLERRFH O IE R AT I AME R LTz, 2, FfE K
PIEBFNERL, BV =0T ~ORF5 0L BER DS
(LW LB 2 Hib, Fig. 312 Ag A30%% 10 s 1T
WD BBV 72BN Je DRSS FEZ R, 15 L
BRI DB AL e 23] ELT-28dk0, Ag JBO/ES %@ )
IR 228 T B =07 b A 27 iR ORI K
Ma2MBE A CTEDZEMHLNITRoT2, Ag B DIEILH% L
HEMOREICL D855 I O _ BRIy ic i cEs,
Fo T AR LI FF-MOD BRIk D> D20 R

72 e WMEFIEIT/RVIDEE ZOND, Y HIZ, BIE Y123 7
ML g B TR 5 Ag #78 VLR DR R CWT
TGS LC >V ThH S5,

GdBa,Cuj0
index : Gd123
PA: Py, = 1 kPa(O, / Ar), 400°C
OA 1 in O, flow, 450-350°C, 24 h
Ag sputtered(40 s) + PA(12 h) &
[ o 5

Ag sputtered(40 s) + PA(1 h)

Ag sputtered(10 s) + PA(1 h)

[ as received

10 20 30 40 50

26/ deg (Cu-K,)
Fig. 1. XRD patterns of Ag-sputtered Gd123 tapes post-
annealed at 400°C for 1 or 12 hours under Po2 = 1 kPa.

10°

GdBa,Cu,0,
PA: Py, = 1kPa, 400°C
OA 2 in O, flow, 450-350°C, 24 h
107+ open:as received
closed : as received
+ Ag sputtered{40 s}
+PA+ OA

2 3
HIT
Fig. 2. Magnetic field dependence of J. for Gd123 tapes

Ag-sputtered for 40 seconds followed by post-annealing.

10°

GdBa,Cu,0,
PA : Py, = 1kPa, 400°C
OA 1 in O, flow, 450-350°C, 24 h

107 . open : as received
closed : as received

+ Ag sputtered(10 s)

s
wHIT

Fig. 3. Magnetic field dependence of J. for Gd123 tapes

Ag-sputtered for 10 seconds followed by post-annealing.
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The effect of very large BaHfO, additions on the microstructure and
superconducting properties for TFA-MOD (Y,7,Gdo23) Ba;Cu;0, CCs
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MZEEHAE -2 —R o~ 3y MNEBIZHT T,
REBa>CusOy(REBCO, RE:Rare Earth, Y, Gd, Sm 72 &) {5 E
PRV L 7 D163 R R R IR FE (o) D 1] L3 sRDBHI TV
5, & 2 1%, T4 £ T Trifluoroacetates-Metal Organic
Deposition (TFA-MOD){%% AW C BB L T
E— L > hCRLT- & 0 S O bk 7 A3 R ) 72 BaHfO3
(BHO) T i 7RG E Y 1L 5. LT (Y0.77Gdo.23)Ba2CusOy
((Y,Gd)BCOWRMIZEATHZETEWES T I FitEaa2
LI L CE(1,2], T, BHO WAIIE 12vol.% D
(Y,Gd)BCO+BHO #441%. Mm% &7 BHO F /K26 35
728 | BRIEVMEE < BE TR OBE T Je B R R LTz, L
L. BHO #ANEA 12 vol. %50 £\ (Y,Gd)BCO+BHO #iFf 1
BUHHE M, v )T B ESCBEERMERSITINETHR
FEN TV,

AFFFETIX, BHO INE 16vol.%? (Y,Gd)BCO+BHO
(+16BHO)#RM 2 /ERIL . ® 722 BHO WRIMEDN, fEdmtk, %
U7 B S OB AR R IS T TR B DN T
Bz,

2. EBRAE

TFA-MOD % T4 8 554K FIZ(Y,Gd)BCO+16BHO
P AEBLL | S I e OV ARG R O R 21T o 7=, 1%
HlAE I A% 1 B T PRI ER (TEM)., 5 S M I XHR BT
AR RE IR DU SG T1EE W ol i A R L 7=,

3. EEER

Fig. 1 |2 BHO INED E7225(Y,Gd)BCO+BHO #ibf i
FDHEWNELFITEA P FESRE(T) R O E O/ JC(JC“, 65
K)&7R9, +16BHO M 1%, ORI~ T 49 Te, IS8R
WL TFLTWDIENDM D, Fig. 2 IZ BHO HINED
H72% (Y,Gd)BCO+BHO A D J. DREGKTFIE(65 K, H|c)

2R, +16BHO #6113, +12BHO FAF 1 Eb~ TR ViESS
Je FMEZ IR T ZEMNI 0Tz, BRI E T BEMEE(TEM) %
W CL +16BHO R O A 1 38 D fift AT 24T o 7o i
+12BHO #HTIZH~T, BHO T SR F DV AXNRZRD | 5
BEHIRTLTWBIENS -T2,
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Fig.1 (a) 44, (b) Tc, (d) J>F (at 65 K) as a function of vol.% of
BHO for (Y,Gd)BCO+BHO coated conductors.

15

10 By — (Y,Gd)123
3 —o— +4BHO
—— +8BHO
— —a— +12BHO
NE —e— +16BHO
L
s
= 1t
3
—
65 K, Hjlc
0 1 2 3 4 5 6 7 8 9

H [T]
Fig.2 Magnetic field dependence of J. at 65 K and Hj|c for
(Y,Gd)BCO+BHO coated conductors.
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Consideration on critical currents of long REBCO coated conductors
obtained by the IBAD-PLD method
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RO OND, ZOBLRNOIL, BERE V1RO RFHPEIZEES<
AL RN B T 2B SN EE R E T 2T,
Fio. B RO FE BB DR ETR 1 D22,
AN OVAANAZE VN T2 it EIAY =8 (=L I o o loaw ot
T AHEERK - THLIENPITFR IS >oH5, Ll
RRLHBHEICZONWTIL, ERMEmITLELD, ZD 5D
FHIAENTIE T O SN TE TRV O RBLR TH S,
oz 1 x, ATIRIEIC L - T, BYKIR - TR ERES T e 2
BECETML , BRI BIRE L I DOIEIE BB 3 5 7T
WCEBT RV MR T 5 J7, ~/a KL 5%
W FE DAL DIRFEEL T 1o DATYFNELLHHERL
7o AW TIL, ZIHOH BLZIEIZ, L IAWEL IS
BUIDVTNT 772 DWRE MEREICED e DTV~
DFEZI\TONT, LR EREBEEIT T2,

2. (RRERTFEOTRELLEE. BIRKENE

IBAD-PLD {£125% REBCO ##AfizxtL T, V—/Lafi
RIS AR E IR IR ZE R P ORES; 1 (0.02~0.10 T)
DRMENINZ RAEA~VT L i35 F (0.20~1.00 T) Dl
EICHEBL, lc DRFMAEXDOZEE 4 m BiZbl-oT
ZE[ A3 fREE 1 mm Tl ZFHII L7, B RESEICRITD
ZERPEIEIZ Lo T () E B L LI2E 2 A, Fig. 1ITRT
Il B B IS PIRIERBEOZE L E R LTz, &5
12, RCEED 1 om BEOFERREZDIH L, B ERK
$ia O CERH T N OB LFEW )y A A LV s i A
G DOESERRE (Ax=200 pm, Ay=10 um) TEHAIL
72, 77K, 007 T £ 5.0K, 4 T OfERAZ L L7-H D% Fig. 2
1R, BRAEHZ B W THZE M b0l 30 IR B
LS PIRZ RO REZ TR T LN 0D,

3. YZko7U20RH

ATEORE R LD . A D 1o DIREE | B FUR AT TR
NOZENEIC LS PIRIE R —ThHHEFER TED, LI
ST, B EEREELRDV T N7 7742458 Rk il
HL7Zb DR REEBHIG L ThiE M TTHETh 5, £
MorsE T osg |0 JEE, FERGEHT T2 i N HTE
WX T T o B =8 LTS B Fig. 3 (SRd, i
DGRV E BINTIER I B N—FE R LT, DL O #
WL AKIR SRS T ORRBM O 1% 77 K OJERRED
LNHETE 3D LIk L CERBRIIIRILE 5 2 5721 T7< |
V777220 BRI IEEE L CHOEE R A2 525
HOTHY, EH ELREREBEREHF T D,

B AWOTJEIT ISPS BHFEE JP19HO05617 DB A 3 (T
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Fig. 1 Longitudinal Ic variations in 4 m long REBCO tape, which are
normalized by the average value at each condition: 4.2 K, 0.20t0 1.00 T

and 77 K, 0.02t0 0.10 T, respectively.

Fig. 2 In-plane magnetization current density obtained in a short piece
sample at 77 K 0.07 Tand 5.0 K, 4 T, respectively.

Fig. 3 Lift factor determined by long sample (L) and short sample (S).
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Development of TFA-MOD YGdBCO+BZO CCs by using a reel-to—reel system furnace
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Iemin/lomax = 0.88 & Y4572 I-B-0 $ETH D Z L I HezR
iz,
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Fig.1 Self-field /: distribution of 115 m — YGdBCO + BZO
coated conductor [5].
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Fig.2 I-B-0 property in YGdBCO + BZO coated conductor at
77K,25T[5].
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Je DIE]_ B0 R RAEDB KD N TS, KRz, BT I Kk
M ESEDFEDO—DLL T, MREV ID S DOEANDD,
I FETE % 1E, Trifluoroacetates-Metal Organic Deposition
(TFA-MOD) ¥ (Y0.77Gdo23)Ba2CusOy((Y,Gd)BCO) # 44 12
BaMOs (M = Sn, Zr, Hf) " /KL 1238 A § 52 LTRSS J. %
A L& T&EIZ[2,3]. BT, BERE V1o 538 AT T,
fssa 7 =— VAR FEHIHENC LY CuO: HIZEBITS Cu Hzh Dk
— VIR () IS A — R =R =T DL THEAR D
B Je PR AR L TE T3],

ARFZECTlE, SWCC LD Reel to Reel AEXUF TIBERLL
7= 8vol.%BaZrO3 s I(Y,Gd)BCO ((Y,Gd)BCO+8BZO)#A4
B LI T BRI R CYERLS A (R R AL B - AR
BER) B L OEET = — LR R LT,

2. ERAE

SWCC #TERIENT- (Y,Gd)BCO+SBZO = RARBERAL
% IR KA T EVLER K Ok 7" a e 2D Fei AL
AT olo, D% A—/VIRE p OfiliEE B ISR T =—
N D FGELEIT o7, TERILTZ(Y,Gd)BCO+8BZO #iht
ORGP X ARETE, BB EIL DU 715 CREM L7z,
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Table 1 [CHEFR 7 =— LiRJE D B 725 (Y,Gd)BCO+8BZO #it
MOEREMEZ RS, Told p = 0.16 DEXIZ91.3 K b
Tpoto, — 5, 7T KIZBITAH O Je 3SHIE, p OEH
MFTBIZHONTELR>TEY, p=0.17 THRLEW IS 215
7z Fig. 1 ICER72 2R —/VIREE p 2 9 5(Y,Gd)BCO+8BZO
AT 3T, Hlc 12815 Je DIRERAF AR, A —/3—F
—7(p = 0.1 DI BN TIOWEFE IO THE OB
Jo FptE A R LT, Fig2 [ZiiEN—7(p=0.16)I2%5 754 p &
HT%(Y,Gd)BCO+8BZO #EM D J. DA R, MLV
R — TR T DA — =R =T D I 1) I, %
RECRRLZEN ol 2, OFIRE TOR Tk
ROV ARE BZO F hi T DA XDENLQA— /N —F
— LD TAR T DR ENEZ LD,

W OE X, PR R AL A LIS R EOE IO
THET D,

Table 1 Superconducting properties for (Y,Gd)BCO+BHO CCs
with different p.
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300 0.17 88.6 3.33
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Fig.1 Temperature dependence of Je(3 T||c) for (Y,Gd)BCO+
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Fig.2 Temperature dependence of Jc/ Je (p = 0.16) for
(Y,Gd)BCO+BHO CC.
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ZZC, &AL WiEW R Z L4, STPG370
Bl DM Z BN E Uz, BB A P ke
DEFEEIT>CE, TNFEFTICCFBHLLFIDTD
FRDA D B R 7 % RS & A R Rifl LTk
iz 52, % IR % 5 2 CTO, )E—F4
A Rz ot X 2 Pik2BFE L 72[1], L L
COFETIHEZ 5N DB ICRA2YH D, 20 mm
BEDOEIPRATNZHEM D L Sk - 24 P
P EEHT LRI THE Z B> TEL,
Z 2T, AIZE TR BT L WLREHE - A R E L
T, MYEERIC & ) BE 2T mc b L 72 RE ., L
T—FHA FiizFE LA FiBEmi 2 BF L 72,
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9. BRI 2L —% IMAG ZHWwT, MEFE
Wiaick b, STPG370 &%, INETIKEZTWE
TS 0.6 T X b bV LELG 2 o 0%
X7, Fig. L iIcf@r oAV T V2R T, WIHIRGT &
LT, BEDEFNVIZERZ34mm, EX 1mm & L, il
5E L7z STPG370 D&F % 5. 2 7= b3 2 Bkl
W& 36 mm, % 46 mm, I§ 5 mm @%Eb)Fﬂﬁﬁ/ﬂ/Hi
2fHE L, 2D/ 100 [FEEaf VE2MEG L, B
Wi % £9 20 mm O FHEEC 2 HEdE L, S EREA I 0~10
A DERERE S5 2., IlEwW bz T2 —F L%z, —fl
ELT6AZLGZBHOWS % Fig. 1 1R d, W
BGAROEE I LRI BT 1.7 T °B &
2R Z 3z, FIREDSRNT % | Wit % &8 L i
%L a7 ORI 20 mm TfT o 72, WS & 2 7 REEERE
21 mm B LXO20 mm OEESD. BRAGRIOEE DM
FIC BT 2R EE Ol % KD, Fig. 21TRL7% .
B2 1 mm DA, X Z 6 AT STPG370 DELHIG
WEREIEL T A DY, FEHEDY 20 mm TH#Y 8 A TH
FROFURIWER B LI L 72 DA B X D (A FE R 5 20 mm
OWIEM D LS, ZNnETORFARE L D Hoick
SRR EE R MGRICE Z 6B 2 EDbhhro T,

3. BIEEMER N TV A& HTS-SQUID Z#AabE T
A1 RRRBREEIC L 571 NEEZEERR

LR DAL 2 BTS2 R A P E 2
FLEH 7 >~ A & HTS-SQUID % fif& & & 7=tk 5aHll
Fefiic & DEBIL 7o, HEBIEN 2 Fig. 3 IR, %%
BRI fENT & I8 UM D B 2 R 7 CRLE L T3
%o EfEETIRBALEIC RG] 2 4 L 2 B ST A
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Fig.1 Analysis model and result of magnetization of
STPG370 pipe using short cylindrical electromagnets.
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Fig.2 Analysis results of magnetization of STPG370 pipe

using short cylindrical electromagnets with different

distances between pipe’s surface and the electromagnets.
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Fig.3 Schematic diagram of guided wave testing system
using HTS-SQUID with flux transformer.
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M5 BRI R ORI TE T HFE B2 LAHE
RAZEV IR Q EAHIBEN TWBEE X T, FIUlHox,
2 MOFERELIREEF 7, 7T R(GND)F v 7 )& W T
MSL &R L, HfResE GND F"ﬂ CEERR AT HZET,
ﬁi%ﬁi*ﬁ 3 EEERE MSL #E3EEIR7 ) — B R84 R

PREERR, %G RMELTZ, INFETORER, ftkd MSL 1%
HEER LT, HHE Q 2 AL kif EL, SFEAREICE
DIRREBIN T DI LN RSN TOB3],

AP TIEFH BN T ) — B 58 LR ER O FE A A2 FEVERT
fliE LT, $E4EERE GND Mo Hh2e i ORI L3R 5 o
RAMRIEICSE B LEFMZTT), 2 iEORSE AT LT N
AREEEFRERIL W IRA~VD A2 KIRE CEBREIT

-7,

2. REBRE
FBERTY—BRELIRBEERLTHIER T 7L
GND F > ITiT Va (SHFERE vz, 2o itk
ki DC =7 Rhar 202 78 8 & LT Efﬁ%
MEEL T=F 7 (ND)EHEREL . 74NV 7T 7 4 5T
TT NAREVER LT, RS T v 7 1213, MSL @tﬁ%ﬁﬂs
MOIRDT A —RT A LIRSS GND F 73R = F
JHEE W CRIEGE EE- 7= IS GND JB@aERL, =
no0 2 HoOERZ DI NEDECEETHIET, H—0
AR LT RESE T D (Fig 1), HREFT » 711X, 10
mm 4 O HAR - HARE W 4-7 GHz O CRErEh
7~ 6 {E DR E(Peak 1 -6) & FR E L7z, F7-. GND F 7 D
PR COEESIE 2.87 pm., 3.88 pm. 6.61 pm. 7.94 pm. 8.97 pm.
12.34 pm @ 6 FEAZVERIL 7=, SRBRRRI, IR 7 —
ANHHRERT > T H RS L 2D BV L7 GND
T ERPWAEIE CEAGDE, AR TEETHIET
FRZE IS R L QD TS AZARA~D Y MR EETH
AL, RO M EIT -7,

-NL_I"r

Fig.1 Structure with dielectric removed

3. EERRHER

VRS 7= BT ) — B mE R IR O JH R AT LD
FBRAE Bk Fig.2 [THIRT B, MERILT 6 FEEOT A AL
TTCZOIIBRILIRRHE N HERRS AL, 5-6 HOHLIRY — 7035
DIV, Fo, PREESE/NS< T DI E IR B P E T & E R
BN 7 M BT AR SN (Fig.3),

VNA Transmitance(S21 [dBm])

3.933 3.935 3.937 3.939 3.941 3.943 3.945
Frequency [GHz|

Fig.2 Example of spectral observation of a resonator.

Fig.3 Resonant frequency of peakl for each device
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aTiE10eV ZE R LT3[, £/, nFISICHON F
— %> 1 (300 ppm)?D XAFS 234712 b i3 L T 3 [2],

2. MRER

HHE, ST Mgt Si FR kicERElxn s, ST
DOIEEIZAFTE 100 nm & JERISHEL, ABLA2T
D X fix STI IR E 137, —iid Si Bz 3 %
BAEDH B, R TRINI N X HUE, RN TKED
74/ vERFEEIYS, 74/ i3 STI O THEmRICE
EL, E5EM2AERT 2, Z0EFEMNIZ, BEEEM
ICHEBIN X N7ARZ 2L ¥ =X fIC ko THERINS
BEEMEARETH D, MERICEDRE X Bt 7 1+
UK BEREOFEIIHRTE 5T, Wi iR
TEEDTDORE RFEE o T3,
INETOWNRE T, STI &HERDBICERLEZ: & D
Buffer #WliE$ 2 2 & CHBRHKD /7 4 X% HiE
LC&ER[3]l, LL D/ A RFX, F—Fvy 7 ki
fEl S N BT AL ORI Cld 7 <, B% 2 e R
thoTuhkhrotz,

3. EBAR

A TIE, FH—F v 7 RICERUIE, B8, 4R
? 3D Buffer 2L L, 100 7L A @ STJ % {E#lg
22T, MEDENIC X D/ A RERHRIERZ BEE L 72,

fEBLL 72 100 7 L 4 @ STJ 0 4fAM% Fig.1 lo5d.
2T, MU, BEE, SEEZ Nz 4o Buffer #
Bl L OEEZ, Si0.(100nm), Al(100nm)/SiO,(100nm),
Ti(10nm)/Au(100nm)/Ti(10nm)/SiO,(100 nm) & L 7=,
¥ 72, g 7- @ Buffer @722\ STI b E—F v 7° ik
B 7,

) A XDFHEiHFEE LT, A—RrF / BiEhr o2
BEFRE ALY =7 b o5 X $8 % H\WT X R
HEEZITo 72, % Buffer 2532 STJDARZ F LD
—f§l % Fig.2 i27” 9, Buffer 2§ % Z & T, 800 eV
6 0 eV ICHELZRER/ AAZEBTETCNWE I LN
a5, BT, Buffer & U CHE{UEE, BIZEE, $ERBD
NG/ A XD ANE A 2 & D3y dro Tz,

L2

Fig.1 A photograph of 100 array STIJs
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Fig.2 X-ray Spectrum (Al-K o)
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LR N-ETVT FIEO—DTHLHSIAVT V Fy
R —2Z(Bayesian Networks: BN)IZ., F DR IR S MEND
THSCHEIRE 2O TIHRAS TV, BN 1134%
T/ —RE/—FEIORREREFREZRT T —7 CHRSL, 1
J—=RIZIEHL — R IR AT U T2 Sl & F 58 2% (Conditional
Probabilities Table: CPT) M3 %, BU/E, BN IZPLH=E
2 —HE W2 7 Ny 2T 7 FEE O TRITS L Cuns,
LU, REHEZ BN OfRNTIE NP R 1N ESh, B
AR L R — RN E LT D, AR T, Bs
HAE A T CPT OINA% FHmiE fIEE72 BN OFH 71
o ERETDH, Ty TERIKIZ CPT ZHiRETEHIL
X BN &R Wi 4 35, AT 2 20/ —R
7% BN %L, B FHL72 BN 236 E i > T CPT
ONBEmECTEDLI LML,

2. BiRETTREL BN ERT 0wy

Bty OREFICB W T, /— NI EE LA
R #R(Superconductive Random Number Generator: SRNG)[2]
IZEoTERBLT D, Fig.1 12 SRNG OZAMEIFE X ()& H ) fife
FRFE(D) & 7R, SRNG 1A 7By NEFE e (2E0THI
e A M T HZ L TIEE OfFNT 2 AT HEIZ T 5,

Fig.1 Schematic of SRNG (a), Output Probability
Characteristic (b)

Bl —RIL SRNG HYRTEBL 2, 7/ —NIiL CPT IZHiE-
THEBOMRERATHLERDD, HiEGDO T/ —FD5
G H/—ROHTIN 0 & 1 OgAETENE NIRRTk
R B IO 72 B RD HIND, EHITFEFSITHRNT 21T I
I CPT ORNFATEFmET D70, EHT my 0k
FHIBWT CPT ONEET v 7 ERIL ICHRE T A1
THUENGHD, AFFETIL, ZNEEHRTL T/ —REKEO
PER AT o7, Fig.2 1TRE L1/ — RO [BIEX ()&
ALV hDIFFIZkT2 SRNG NOAH I 52 AT
NDHEFRDOZAD) T %, ZDEEKIT Delay Flip-Flop(DFF)
LR ZSREA B (Variable Coupler: VC), SRNG THER ST
5o in MBEEDNASIEI reset BADETORM DFF 121%
SFQ NE A, BEABI- SFQ TS A12d-> T SRNG
(R I3, SRNG 13 in 23B(2 BB A ST SNIZ0EDIC
Ko TR R ICHIESIND, ZHICKVEL —RFDOH
INIECTe oD EERB T HIENTED, VC [TBERAE
£ DFF & SRNG MO G % Lo DRESIZESTE(L
SEBEEEL D, ZORKIX, La & e ZEESEHZET
F o 7% Th->Th CPT ZERETHILNATRETH S,

Fig.2 Schematic of child node (a), Variation of current in SRNG

response to DFF (b)

RRELEEEEHWT//—RE08 —>DOBNEZHFL, 52
DCPT/RE—NZBITHI 2l —arwlTol, 3al—
A ATET TSN 2L —F Th B JoSIMA FHV T, 4]
7 AT 1IKP(E R B TR EE 1 KA/ cm?DNb3E 7 1t A)
TEIEEIT1 KEL7, Fig 3I3M8E L72BN(a) 52D CPTEZ
NOEREBT B0 D Ly, e EEDTF(D), R LPLTHIE
D) T D, EDSZ— BT BER I & [F 455 D fk
REHAZENTET,

Fig.3 Assumed BN (a), 5 CPTs and each Zd. e (b),
Comparison of results and theoretical values(c)
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A= =Ry NIOF YT FrINT Ty NI Ty b Xl
HIZLDSrEESAL, Pre Processer (2355415, Pre Processer C
ARV MRINEY 2 — VLV TWHIZEDTELT —HFNE
Haxnb, AXRCMEHEY 22— WiE, LFESIOBEEITH
String Matching Unit(SMU) &, HRA—h~ MAZIGCTIR
HEE 41T State Transition Unit (STU) 72 bRERkEAL, IER
RBUHIS LT ARG ==y T o TR EBL TS, D%,
IRE =T T OFERITGC CEHEE ~D G O 4
WRET D, SEIOFE T, K2 SMU 128\ TC, SFQ =1
AW TENEIGREA T oo R~

3. IEFRRIRIZHILT= String Matching Unit D E1{EEEE
SFQ [A1#&% FHV = NIDS (2w €, BB RBLIIxH S L

NG =y T TR OBIWEEFTEE T o7, XL TS

EHERIIT ATEO—CF, b5 — L FO—HLL LDy

Event Detection Module
String Matching Unit (SMU)
Cloek

SMU to STU convereter

,,,,,, AP DRAXRRRRRAIIEIT
- Pre Processer
Dat - Converts packet payload into a sequence of
data that can be handled by SMU
Decoder

- Header Rule Matching / Packet logger

+ Extract packet payload + Save packet data
Ethernet
—> [ packet [_packet ] packet packet. —

Fig. 1 Overall structure of the proposed Network-based
Intrusion Detection System
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Fig. 2 Chip Photo of demonstration circuit
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Fig. 3 Frequency dependance of bias margins of
demonstration circuits
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1. IZLHIZ RF[AIIE Fig. 1 I3 Dl R OWN DAL X 752 ATHE
FAE AN AT 4y 7 ar B o —F 42 7 (Stochastic DIFEENARAET D,

Computing: SCONIFERMEK O —FEEL T, #HE 5 LFL 7 SN [FHDREDEFNEE LA Z 72 ZADEAFNE

MR, T4 — T T == T E ORE & 7253 BT \ZDOWT, A HF I X R AL ST BEO ) SN A Lo

PSR TWS, SC IZEWY 7T —ifERo R 2 7 /) BEATV, BRI L D) "SRRGS RO DT L TR
P, ERRRICEND R E | FRx RS20 — 15T, 1HH DFlEAT -T2, ZOWE, 32— ar M4, Clock J&
FEZ R A DLV K S A2 TS, ZORIEIC L. AL 10 GHz, SNT @ bit FiZ 4095 bit, A7) SN OfEIE
Horo IR BN IENE, (R BE S @R ok 0.0, 0.1, 0.2, - 1.0 O 1LY, ¥Ral—ar O
(Single flux quantum: SFQ)IEIED SC ~DIEHAEMETL T B 1000 [ETHT o7z, SRab—taAldih A F T8 R
2. DA 1.75 nH 205 17.5 nH ST 528 T RREDE
SC IZHBW\T. ZOHE HFRAD S . [FA—EIEN TR AN PR 1/B0 (Zpofe, A Z 05 RIS T-REO 1)) SN[
AT 47 $%(Stochastic Number Train: SNT)&FFD AR A t@%%@ﬁﬁﬁ&fﬁﬁijﬁé:kﬁi%%a:/\ﬁ)/}t"
T w7 (Stochastic Number: SN)Z#E[A| A D&, SNT SN ZHLRFIC SRNG Kﬁﬂéﬁ%ﬂﬁﬂ%ﬁﬁ“1”0)&7‘7&%%‘5&:
L R R B A 8 2 R B e 5, o T SAICRETHIO OMIEFERERL A7)
W AHBIOEE SN 28 BT B7010, SNT O bit s - PEFIEIZONT, SNOfEE 0.01 725 0.99 ~E{bStE
SN IA BT BB DD, TR HElgpL oo DIERIIRER BTG OR (DI E R LD
T, A5 # 4E B 45 (Superconductive Random Number j;ﬂﬁ;/j;" ;&?}:{;%{1;&7%2‘0%1@%EEJEH%EFHEJﬁiliai%/
Generator: SRNGIUJE/BUNTEAR AT 17305 5 o7l IR A DR LB R R 5
¥ (Stochastic Number Splitter: SNS)[2]%Fk % X% FF L7, pRs R e PR A °
AANIHRZET D SNS (22T, ) SN 2V = B AL 3
DIEFANEEE DAL 575 ZEFIERB LY, SN 2Lk OB {E
SRARREIRE DA 2 52 2 o PR AFME ORI 2 1E BRI A L
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P p— [1] Y. Yamanashi and N. Yoshikawa, IEEE Trans Appl.

2. ::: ATAY E-':?JJ EI . . _ S Supercond., vol. 19, 2009

XatL7z SNS o7 my s )E Fig.l (R T, ZOMRICE [2] Y. Yamanashi, K. Asaka, and N. Yoshikawa, IEICE,
WCvat 7Y A5k (Josephson Transmission Line: JTL) C-8-3, 2023
& SRNG (FILE O EFEIR CHe S, JTL [ZIF S A7 R, [3]Y. Yamanashi, R. Kinoshita, and N. Yoshikawa, Supercond.
SRNG (21 “1” D i e SR 2 b DI B 23 A2 AU AL Sci. Technol., vol. 34, 2021.
5, JTL EH D SRNG (3l O EFRIFEICEE ST, [4] M. Hidaka and S. Nagasawa, IEICE Trans. Electron., vol.
AHINZHOBIS SN IF SFQ /L AF TR BIEND, SN IX E104-C, 2021.
SFQ 7L AFND“1” DAFFEMERITH L TWD, dorstat dout1
SNS DR BT 5, AJJ SN % SFQ /A AFLLT JTL wirerk ._.»w_-—.°—°""°' — mo
WA 2, 358, JEERIBS3ICEY JTL IZAE Dias cumert
N5 SFQ 7L AFIDFEHFEIEL SRNG hbi 1&g SFQ drc03) e

sontrol current 10110001
JTL SRNG °

Fig.1 Block diagram of SNS using SRNG

2 OVAD N EEINFELL 2D EIIT SRNG ~Jit AT Dl 1]
EILDTHIEEZIND, SRNG 2B &S SFQ 2 UL AFI 4k
DYEHEEL. 195 SN D1 DIFEMERITH IS T
278 E DI clock AEEEf. 1 OIFEMELZPET D
L PfOTRSND, #5ELT JTL L 1> SRNG T
BIENSE L2 D7D, 1> SRNG TOH IRERINEL

<720, SNT O bit FIB FA2% SN &7 BT HZ LN TED, :MMMUMMMJHHWWWIMHIMQHMHH@J\IU{UJ[LW

&L, Clock %% 10 GHz, AJ1 SN % 0.5 LL7-KD | din : ‘ ‘

Sial—ta R Fig2 (R, SOYIal—sa T E LMD LR R L

X PE ¥ BT & BF 28 BT @ High— speed Standard £ i | |

2 \

Process(HSTP)[4]DE A E LT, Fig.2 K0, AJJ SN D“1” °HH |”H' \ “ ! H H“ “”“ | {“”HJ “ ‘ |' IHH

OTFEMEAEDBYE LR ER 24T, Clock JABK L Tl

WHCH SN ~EBSR TSI LR bR, e s sl
FEFLTZ SNS IZOWT, ZHETORFZICEV S SN [F

Jehe ¢ Sk St e T s S S IJ__—Igu ) ) )
LORFAEROFERIFE B LV, SN 2L OB F G Fig.2 Simulation results at clock frequency : 10 GHz,

input SN : 0.5
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1. FAMNE

PR AR CIEE LW EORWER OMR MM 21772
ONTBIRERE WSS THLI~ A alk A2
Ao AR Hgs(Microwave Kinetic Inductance Detector: KID)
A, BRI EORM BIZEHEIN TS, BIEZD
MKID 225015 B1d 7 a2 B S° FPGA % FWTE S 4L B8R
LTWa, [1] g, GEESENRELRH — R E T
(Single Flux Quantum: SFQ)FRFLEIE &, FIR 7 4V A —LF
A= ar T 4N —TRERSND T 4V — 3 IR iEE H
WHZEIZES T, Ed b, &7 /A X ORI, & By
figBe b S ATREIC /2D, [2]

ARBFFETIE, MKID NSDE 5% T 4L SQUID 1285 T
JVERL A/D AR LR A LR EL, o= T Y
A (Data (§5) &F UL a N "—Tav 3572007V
HNIF P — DG A= =Y TV T DD DT A—
Lar I NE—DFE . FIR 7A4NVZ—OiRE, EEDD
DORFIEIT>T2,
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Data f55& LO [ B&#NT G ®5Z bk T, Bk
DET L2 =V a BRI N T VXNV —Th D,
AWFFETIL, MKID 765 P41 SQUID 1IZXBT /LZTD
A/D BHLLT-1E 5% GHz OFH)S MHz O8I R A7~
WIT, 1 bit TUENIFY—ZRE LT, [3]

Fio, T arnn T U NATEBRT DB E AL /AR
FAETDHID AR TIE L K sine DT A= a7 41
=% FANCTE ==Y VT LT —Zx LR T
L /AR DRI EAT 7,

CONNECT ®NTFATFVEHOTEF LT U2 LIF
P =TT A— A TN E—DLAT N LL T O 1 1R
7

AT IRFARIE 920 pmX840 pm ThHY, WHEEIE
0.225 mW T&h-o7=, Verilog—XL. TI 32l —Ia%{Tu,
32 GHz CTIERICEIMET D2 LM MR TET,

+MIO

data
clock
3 MI1
et MI 2
reset . : L MQQ
MQ 1
1 MQ 2

Fig.1 Layout of digital mixer and decimation filter

3. FIR 74ILA—D1=-hDEEES
T YA =TT ANE—=DED ;v%‘rﬂ&%{’\%@“ét
WOIZ FIR 742 —%ZFIHALET, BIEOEHEE EIRE

Iy —

% 1/5 [ FIFAZEICES T IHEENE 1/5 I FIFHZEN
TEAD, FIR 74NV Z— 32D FETHRE LI, [4] FIR 7
/L —IL 3 bit X 10 bit DOIFLIRIV TR0 | AFZETIE,
FFAT AND B2 O TH SR AL, HA & FA 2 H
WCRB A HE LTz, FIR 7402 — |2 WA 5
RCA Ji U Cikat&17o72,

CONNECT B/AFA 7 TV%HWTEE LIz FIR 7414
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MIzZ
ML
MI -

clock
reset

outd - outl?

Fig.2 Layout of FIR filter
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1.01 mW &7857z, FIR 742 —ZRICH D42 H 357
O AT AERE BN T D TR ERA TS T
BRI A7 Ve Wb EEHmEIL T a, (6]

4. FEH

AWFZETIL, MKID DT V2 AZ SALFLE K O &%
1Tl TUANIXY— T U A= a T4 NI DLATTH
FFEATO, TUOXNIF Y — LRI 2L — 2 a BT
VY, 32 GHz T*Er% IZEMET DI LD MR Tz, FIR 7 4L 4
—HERFT A, IKPLEEREEE 1/5 Lt%%f%%o)
BT T2, 32l —2a B T iR EH LT RE S 8
GHz TIEHICEETAIENHERTE, SR ERI Y12
N ORI EE FHI DWW TR ETL T,
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Improvement of the cooling performance below 20K (part 2)
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2. 2 REARBORBICKS 5N MEREMR L

ABRZETIXTHRHEOMEREL LT, 15 K T 200 mW D&
HENZE BEMELL TED TV, 20 K LU FOW% e % b
T BRI, BERNWTWS SUS OZFGHECIE, BifED
ANZH LT 20 K LT OB ENREL TS, 22 TEGN
WHRED 2 By B OFERI &, SUS LHl L TV VRS %
FEoMEHCBERZ DML ERHD. FT-, BATHE RO TR
HARAEZ BT 572012, BUTHERIC Ay ¥ 2 BRI mR
THMENHD.

FEATARZE[3ICIE, 2 A —D 7 B iR Ot 5 V%
WEL, EMERMEIOMRE T EITo72. AR T, FHE
DOFEREMTHEEBEL, BOHMEIL TEAWEREL.

3. MEREEKER

Fig. 1 IZRUEL7C Au DAY 257177 . HEREETHD SUS
DRy 2 LFEFARD A 2\ B T BT LN TET-.

Fig.2 \ZRBREY N7 7 %R 7. mERRBRILA AR
D E N ZRBREN 7, IR 15 Hz CTHEEhd5 2
BERZ =V 7RI, @V EB S 52 Hz BREho 1 BeR
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SUS EFT7ICHEL T Au OFWHIE, ENZEh 2 Bexy—Y
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WAL, 2 BEAZ =V 7 B s OBRENE 114 90 W kL,
1 BeAS —U o 7 RS OBRENEE /1% 0W, 20 W, 40 W, 60 W
LEBLCEMLE., F8AT—IIide—FZ2 AT, 1
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B EWERERBR OFE AN 3 1R, Rl EE T,
e 2 BEAY =V TR 1 BEAT — UL 2 BeRT —
COMWREERL TS [XED, SUS OFEH R TITHEE
110W T 2 BERATF—VIRENE — 7 LR ADITRILT, Bzl
AL Au OZEETIZES 110 W LB TR
TARVBATHZENSDD. T, SUS DERFEHEDY 20K
LU T C He HADKIEEL D/ NESLA2B DR T, Au i3k
DIRVEE ST, He HAXOEWARELLEVERFOZ LICkDE
EZZ25N5.

4. FEDESHEDTE

4K B S, KRS SO e Db Eoi=w, 2 By
RE =V T IR HEOE R R OB R LR AT o7z, B
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Fig.1 Photograph of mesh produced with Au.

Two-Stage Stirling Cooler
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Single-Stage Stirling Cooler
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Fig.2 T'est contiguration for improved regenerator
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Fig.3 2nd and 1st stage temperature of
two—stage Stirling cooler

106 20234 AL T - MEEY R



1C-p02

2ERRRA—) G RINJLRE

NI o

R 0D B F

Development of Two—Stage Stirling Type Pulse Tube cryocooler
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1. [ZC®HIZ

R R T 2k 40 (SHI) 1, 1982 EMSZNETH
40 4EITIEY, N LR OB AT ¥
LLTHED > TE -, 20ll, #HERBIREE, B2t
UHRHIRL— VR =T HRELT LB, 2 BEAS =V Tt
BB IO JT B GHIL AT AL LTI L T 7. 1%
SRHIIE, BINRE & ESEA-D It a2 R 5
TERFHWMENTEY, ZIUTEW S EEO MW ETRE ) (TTK,
15K E EHI2) & BT AR BEERSHS. iz, WEEOFH o
IZBILC, BAEDSEND 10 FITEMTHIENRDOEN, 1
BeAZ =V TSR JT MBI L T, ZhvEToik
BEBNLSELNMENS 10 F£FHMD B RIZIL->TWD
D, 2R =V TR HHRIZB VT, 2B T A AT L—H D
IVT T AL — VR T D2 ENEELL 10 FEFmDERIE
EELWVEREE /2D, CORBEE R T DT DO — od)jiﬁ%é:b
T, RIS ATEIER 2 EF -2 VUL A (=LU#% PTIE iR
WHIZT2ZEE2METL TS, AHET, uﬁuﬁﬁ%w_
THEES] BW at TTK 2 H 95 1 B SV AE ik sE Tmtkel,
2BeARB—V T 1 TR F TR 2 2 B PT R IR 8451 5
AIELMERERBREI T o120 T, ZORERIT OV THAE T 5.

2. AEHIE LR ERER

UL, BAEOREHEHED B IEAAREIN RSN TND.
BLIRDAK, 1K BRAEMEIE, JT+TmERERIZI T, 21
FROEHHAEINE, 4K T30 mW at 4.5 K, 1K#% 10 mW at
17K EZHLTS. ZOWBEES %, T 40 mW at 4.5 K,
20 mW at 1.7 K \{ZHEINES 720120, THE#o 2 BexT—
PO EAE ST 200 mW at 20 K 2>5 200 mW at 15 K (21 E
SEDMEDRDHD. IHIT 10 FFMEROBLUEN DRI
PT HFRDBHFAZBAE L. 10~20K ZZ—V 7 PT A
omEN TR, 1B L2 B H1E (AT VT, W
—< VATV, F U T 2 L0 4y ’;Eéhé
AT 7V 7 )52, RICEMEET 1, 2 BEiRaROMEbE
T b A0 H TRRN BB X, 1, 2 E&Hﬁﬁ%ﬁ%ﬁ
EMNL LTS ZENR A e 2 b —~ Vv oy SV T AT
RIELT=.

K120, 2 BV RE BRSSO R B LAV REI TNV,
T iE, DARTBAZEL7- bW at T7TK1B% PT itz VO VE
SN 120W —EEL, 2 B PT HEMEHIT, IERAERL,
100W BERA S DEEICAELND PV 3 (a2 =K 75%
LLT2EX W) B A B CPERERRBR 21T o7, 1 BEPT &2
EX PT (X 2 BX PT OB WG &V RE R FAm SRR C 24
B SN THHAESN TN, 2 BEPT ORTBZEHHTIZITL 400 A
oY 2B BT 0.1mm® HoCu2 Zf# H L7, (AR
B, AF—F Z+ETNA Ly N FRER L.

2121, PERERRBRRS AV RSN TH. RIKXY, wEIMERE
AT, 2 B PT M BB EAR S OB 1 4 15Hz, FRIBETET)

Table 1 The final design target of this cryocooler.

[tem Value
Cooling power > 200 mW at 15 K
Total electrical input power < 200W
Cryocooler weight <15 Kg

= Pre—cooling 1t
PT cryocooler

Fig.1 Photograph of 2 stage PT expander.
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2/V4oo 3 {70
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1 65
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Compressor PV power 73W
Ambient temperature 20°C 1 55
Operating frequency 15Hz
Initial pressure 3.2 MPa

0 = . . . . . 50
8 10 12 14 16 18 20 22
2nd Temperature (K)

Fig.2 Cooling performance of a 2 stage PT cryocooler.
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Fig.1 Photograph of superconducting bulk material for
magnetic shielding
(Thickness from left to right: 1 Omm 10mm Smm 2mm)

Table 1 Experimental Condition

Diameter [mm)] 28
Shield spacing [mm] 10
Temperature [K]* 65,77
Thickness [mm] 2,5,10
Applied field [T] 3,5
700
500 10 mm (plate)
500
= 400 _ 10 mm
E : S,
4 300 Zmm e
i H‘h"‘"‘ww
200 S
100
solid line : experiment
0 dotted line : analysis

0 500 1000 1500 2000 2500 3000

Bappty [MT]

Fig.2 Result of the analysis using the critical current density
obtained by fitting the experimental values at 77 K
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Fig.3 Maximum shielding magnetic field versus temperature
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Fig.1 Composition of resonance circuit

Table 1 Specifications of superconducting coil specimen

Wire 4mm wide REBCO

Diameter outer 78mm and inner 50mm

turn—insulated and
double-layered(116turns each)

Winding

Critical current | =38A@77K

Cooling method | immersing in liquid nitrogen

3. BEBEISMILDAVE—F VR
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Fig.2 Experimental impedance of superconducting coil
specimen
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Fig.3 Experimental result for fig.1 circuit regarding 0.5V
initial voltage of capacitor specimens at normal temperature
(lower: enlarged at beginning)
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1. K. Kamiya, et al.: J. Cryo. Super. Soc. Jpn., Vol. 58 No. 2
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2. N. Hirano, et al.: IEEE Trans. Appl. Supercond., Vol. 32
No. 6 (2022) 0500105
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Fig.1 Temperature power-fit data of the thermal resistances
of the silver substrate, the 0.07 um and 0.13 pm sinters with
a thickness of about 4 mm to superfluid “He as a function of
liquid “He temperature obtained at a pressure of 170 kPa.
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Fig.2 Cross—sectional view of transfer lines. (a) Shield cooling
with liquefied nitrogen (b) Shield cooling with helium gas
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1. IZCHIZ

The SuperKEKB final focusing SC magnets (QCS) are
4.5 K with liquid helium and
accommodated inside two cryostats which employ multilayer
insulations (MLI) in their vacuum chambers evacuated to
pressures below 10 mPa for an effective thermal performance
[1]. The vacuum of the QCS cryostat chambers was
maintained below the pressure level with our extensive efforts
during the cryostat operations of 28 000 hours in the past 5
years, which will be presented in this paper. However, there
was a potential leak of the QCS—R cryostat from the ambient
atmosphere. During the accelerator’s long shutdown period in
2022 and 2023 (LS1), a comprehensive helium leak test was
performed to each O-ring connection part of the cryostats
and this paper presents the leak test results.

cooled at subcooled

SC magnet =ty Vacuum
ressure
cryostat 4—-"|"|J p
5T ")_ \} i gauge
r & : : I

Support
table
Service e e
2 - i

cryostat () ring cpnneCtmn

in|the middle of
Support service cryostat
station |

’/‘/ |

Vacuum pumps inside
(just under the gauge
iposition)

Fig. 1 Set—up of the QCS-L cryostat with the vacuum
pressure gauge and pumps.

2. BEEHPDIZAFRIVNEE

The QCS sc magnet cryostats were designed to be
cantilevered (as indicated for the QCS-L cryostat in Fig. 1)
from their own support tables over the inner space of the Belle
II detector and the vacuum chambers were evacuated through
a port in the service cryostat rear side by pumps just under
the accelerator tunnel. A pressure gauge was set up at the
port to monitor the vacuum pressure levels, and the vacuum
evolutions are depicted in Fig. 2 for each operation period
before and after cooling down (at 300 K and 4.5 K). In the
normal operation state at 4.5 K, the vacuum levels of both
cryostats were below 1.0E-3 Pa with the aid of the
cryo—absorption effect. But at 300 K (just before cooling
down), a level below 10 mPa necessitated some additional
measurements, such as an enhancement of the pump

capacities for the QCS-R cryostat and baking. Once we
analyzed the outgas components from the QCS-R vacuum
chamber, which coincided with those of air. A possibility was
that in Oct. 2017 just after the commissioning operation, we
opened the QCS cryostats at the accelerator tunnel with
limited assembling conditions and re-used all the O-rings,
which might cause some small leaks somewhere. So, we
decided to perform a comprehensive helium leak test to the
cryostats in the LSI.

= 3E-01 ! ! ! ! ! T T T T
& 1E-01 b —O—QCS-Rat300K added ]
£ —-QCS-Lat300K  QCSRat 300K
2 QCSL at 300K
581 1E-02 £ ]
z @ QCSRat45K  QCSReryostat 50 1s | 2201520 L
£ |E-03 £2017/10 L&R: —-QCS-Lat45K  pump flow rate: 4
opened cryostat ———
QCSR at 4.5K oid New
1E-04 | Gauge  Gauge ]
failure
QCSL at 4.5K
1E-05

L L L L L L L L
Pa  2017mag. 2018ab 2019ab 2019c 2020ab 2020c 202lab 2021c 2022ab

Fig. 2 Evolutions of the QCS cryostats at 300 and 4.5 K.
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= 1E-07 B/ Service gryostat AN
K O-ring % 2022/10/14 QCS-L
1E-08 Servide cryostat O-tin
40 min. GN2
1E-09 20230316 QES-L
——
1E-10
0 10

0 40 50
Time since spraying GHe into GHe-trap (minutes)
Fig. 3 Leak rates of the O-ring connection in the middle of the
QCS service cryostats.

3. )—UEHBRLONITR

As the QCS cryostats have a large volume, we made a
helium trap (or hood) to cover each O-ring connection for a
long time of helium availability (>20 min.) and enhanced the
pumping capacity of the helium detector by connecting the
pumps in series. Finally, we found that the O-ring connection
(length: > 7 m) in the middle of the QCS-R service cryostat
had a leak rate of 2.5E-5 PaXm?®/s, which was two orders of
magnitude higher than that of the QCS-L side as a reference
with the same specifications to distinguish a leakage from
permeation, as depicted in Fig. 3. In Spring 2023, we carefully
replaced the O-ring and after that the QCS—R side had almost
the same detect rate below 4.0E-7 PaXm?®/s with the QCS-L
side. All other O-ring connections were also confirmed to
have a leak level below the above level.

SE ik
1. R. F. Barron, et al.: Cryogenic Heat Transfer (2nd ed.).

CRC Press (2016) p.47.
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Critical current properties of REBCO thin films on Zr—patterned substrate (3)
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W2 117% 777, Fujikura BIREEOMHEAHY, ZH5
1% 128% CTH o7,

5. £&8H

%230 REBCO #RA 134 S LARIC s O ~F 1 3B
INLTEY, EHEREIEZ 20 0bLHY, dizET/hEL
720, BSCCO (22T, LKABITNDEINT, g
Y B o= RIT i TR Y, EH I I A e W7 RS O F
WIXEHG LR S VB LN D, DX IR ORSF O Wi
Fia~A/ar—4—TROLGE AFMEE L CrEi KET
SITEY, FEOWEMITL /&85, Jc ELLTHER
fEEL TEALTWARIREML &Y | ARG FL & o CWrm iz
PROB)—ITFEH T =— R L TEBERREHE VX S,

Fig.1 Sumitomo

|_|

0.15mm
(a)central part

(b)edge
Fig.2 Super Power

|_|

(a)central part (b)edge

Fig.3 Fujikura

Tablel Samples data
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Current and magnetic field structure of RE coated wire under longitudinal magnetic field

BH B, RN B OLTR)
SHIMADA Ryohei, KIUCHI Masaru (Kyushu Inst. of Tech.)
E-mail: shimada.ryohei787@mail kyutech.jp

1. [XC®HIZ
M ERIET oM Rz X 0 & J 2B T 5848 RE fa—
MR ATHIREN TS, —J7 T, 2O RE 22— MR
BWTHERIOBET A & INBEET Be 53 AT 22 iee R
T(BNT, HEMREZBZ D I DN HOND LI oT
o, 72720, fERESC AN LYV OBINE[]OE W X
DHEBER T C L BN R D Z L bbho Tz, #Eo
T, MR T T J B2 BfRT 5 72010 b Z DY ER
EREIR N LB CTH B0, BIERNITRA LA O
EENHESETE TR,

(BRI, B RS2 A T2 2 & h,
MERESE T CORR & BIROFEIEN & BHBEEMR2]) & B
BHAREMAN B B, T E TIZ RE % = — MM ORERER T
OERHEERZ BOICHOONDBRELED 10 E0
1.0x103 V/im £ TG L, B EMAOAELE ¢ 2RO
7223, B EA DN RKEWVRBA IR TIL, ¢ DREERE
@ﬁﬁﬁﬁm&ofwﬁwaﬁ%MmtBL_@Elkb
T, Pl U722 RE T AR A E eIl 7 e— LT
ROWHEEMER D D, &6, $ﬁwﬁﬁwﬁﬁ¢@b
M OES LIEOHBEEZ T TWAHAREE D & 5,

Z 2T RE % =— M ORE B GEL & S 0T
x«&bmwgwﬂﬁﬁﬁﬁ%L ED LIRS

2D O EETEI S 1EZ AW ER BT 1 FrEDRE
filiZ B ~7,
2. EBRAE

MECHW=OIEHRESN TOAEAER TEARO A

TELV72L RE % 2— MM THD, B OBIRF O R EGR
kiﬁm%AuﬁM®%wi4mmTigh%@@réd
3~4 um THD, B ORE | OFEZF~DH2HIZ, 55 mm
L 20 mm OWEEIT-72, BIEW 1L, 2.5 mm HIfFED IC =
7 H—% T ARIRE L AT TR IZ Fig. 1 OJOIZEY
7=, 55mm 12 20 B2, 20mm (21 12 BB AFT -, €
i K ORISR EEE Lo 13, RIS BRI 1T DB Y b 7
EEAV, BR E-BIR T O ML, AT Bi-2223
BNV E AN C MR F T REATICONA 72,

B BT MO THOER Ep BT MO5 T HE
Ex ZHIEL, arctan(En/Ep) ) DEFRDOARE o ZRDT=, Fi=,
IMERRES Bey B CRES Bearr DE SR B ERTF I M OHLE
BRI ADLEROBE f &R, BR L BEROMESEE
9 =p-alEFRLIc, ZNHORRE Fig. 2 OFAKITR T,

3. #ER

ng WA 55 mm OB JLE O B i - 5-6
5-151281F% ¢- E FetEER79, 0.03 TTIE 60° FREELHE
R EBRUIZRE A ERRT0, RO L,
0.2 T OHFAIE, 13° LTI 3L, £72,0.03 T TixH
ER2BE, %zﬁ;wtﬂéﬂu L&D H CBEFR OB, ¢
IZ10%FEEHEMNT 223, BER THIRIE— m@ﬁf%rb#
HE57C1.0x107% Vim OFHMIZI VT HBEARBIT 7 e —1k i
THHEEZBND, BB CH R RL /o7,
Fig. 3 (A EDS 55 mm & 20 mm D I & ¢ ORSR
WA 2T, A EMA D TII2o0HM O I IZFRICET
HOHW, WROBEIEIITHO TN TH DA, 20 mm DTN

IEREV, T2, A OHEIMNE LI E20 mmD 5 A3l
INEL TR TEY, FATEIT20 mmD IR EN, T72bh, 7
x~7Hx#débde B EBER D FATIZRDRT L, 2D
TeDILIIKREL T2 D, BITHM DREEEZ T RERED
24 B179,
RERI— &M 25mm <« —— ®Rs,

55 mm

Fig. 1 Schematic diagram of voltage terminal positions.
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Fig. 2 Electric field dependence of ¢ at /= 55 mm. The
inset shows the relationship between a, £, and ¢.
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Fig. 3 Magnetic field dependence of critical current /.
and ¢ for sample lengths of 20 mm and 50 mm.
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Sputter deposition of LaNiO; thin films in reducing atmosphere
for conductive intermediate layer of low—cost REBCO-CC
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FUNAKI Shuhei, TSUJI Daisuke, YAMADA Yasuji (Shimane Univ. );DOI Toshiya (Kyoto Univ. )
E-mail: s—funaki@riko.shimane—u.ac.jp

1. [ZLBHIZ

Z N F T FH &% I REBaCu;O, coated conductor
(REBCO-CO)D# EtaAMEI A B )EL, Ni/Cu 7T R 3k
M ESEEMEP#EA /AL T REBCO ZEMTHIET, %
fli7e et Toro Ag BEAE LT HHERIKa 2
REBCO-CC ZBiZL C&7=[1]. £LC, HFRiE AV 8
LT Nb-SrTiOs, Nb-TiO,, La-SrTiOs fﬁ&‘%*ﬁﬁbtﬁﬁ, n
AL T D7D 21T REBCO DY} ONiE#HET = —
R THRPIRED EF 355 ERH o722, 3]. SrTio; t.cé: }:
[RC<, REBCO LD T-HEEGMEITEBILIAELEL T LaNiO;
MZETHID. LaNiOs 1% SNS AT AT 7RI BV T,
PLD {:T REBCO/LaNiOs/Sub. DXt v /LIB/ESRL
A HETHHIERR, REBCO-LaNiO; DA —I v 7B
PEDSHRAES L TWDIA]. EBIT, p LY THHEND,
REBCO DAIE K DR T =— /L ilbfE TORIRH LA
FFCED. ZNHOZEND, ITFER 2 X TENRFLEOZ N
A ZV WA FAVVT, Ar H A1 LaNiO, il fEfIL,
LaAlO; (LAO)HAfEfb R i X vy L E L=
LaNiOs fEOHEHTER A, PLD-REBCO DR & O\EFE 7 ——
NERAHZETEMQ em @ R T. FEAEF TR T4 528405
MTLTz[5]. 2D LT, LaNiOs 1% REBCO-CC M
MEELTARATHILEEZLNDA, EEICAR K B
HEMETEEE T 85580, M OILEH T8
ﬁ%li?@ﬁiﬂ%ﬁ%%&fsé %;Tiﬂﬁnfi LaNiO;
BN IIT DA S ZH AT ArtHy IRE T A% W, mTdF
lmfﬁkﬂ%w_uftﬂ&m ZOHIZREBCO R EREE T 7=
—VUTZRRBHT DWW T, i e OV SR A S L 7.

2. ERAE

LaNiO, DBEFER S —7 v M = RE <7 Rbhas A%y
V7 EIZEY, LAO (100)HifE f M BT LaNiO; #ifiEz
,%@ 60 nm JETIERIL 72, A/ S & AT Ar e OV Ar+H, (4, 10%)

EHAZEN, AN HET)% 1.0 Pa, A23v& H71% 60 W

&L HtiE 86~495°C [THNEAL 30 oMIRkiEL7=. D,
PLD-REBCO DB 5i L T pO,=35 Pa, 760°C, 30 min,
R OWESET =— LVEREELL T p0,=10° Pa, 450°C, 10 h D#L
BREAT STz,

FESLAE, FEAE R ONE SR PEE XRD T,
i 1A CRMIL 72

BRI TETT 4

3. .%E%&U“%$

X 112, Ar O Ar+Ho(10%) 4 2% FAV 2 FEAEE C i
Lf_as grown Bk XRD JlERE AT, WO KBS

[ZBWTh, FARIEEE 200°C LL_E TR LaNiO; (H00)535
DREIPTE— IR HERSI NIz, — T, EREEEZELTED
LRMOEEL BN — 7L 7 NGRS, S50 T
FHEICTAZETE =7V 7 b AU AR EMEIRL L.
La-Ni-O RiFEiR, bLITIEILFEH K TIZHBWT Ni Offi
BRI LamNi, Oz (2 = 3, 2, DFEZRLTZE0D, K
WFEIZBWTHEIR T T LaNi;Oy fHTERS I, EDTEAK
R DRI R R T TR EL =B 265, 2.1z,
as—grown Ak}, & N PLD-REBCO RifEEREE, RET7=—/1
BETHE LR 77 K 2B 5IIRERT.

Intensity [a. u.]

291°C THCME L 7= LaNiOs 7 5 1%, as—grown (Z kb~
PLD-REBCO JEARERBE C7 =— /L HZE THRBTRAME FL,
0.5 mQ cm @ 77 K Z/RL7Tz. ZNBOFERND, A8 H]
CEE WD ET, BILFEAR TIZRBWTYH 300°C FRE
T FF YL E LT LaNiOs IEAEL, 51
PLD-REBCO JERKEREEAIRDZETHPTRME F 9D
Hmor-.

(@) (b)
Ar 1 LAO 1 LNo (h00) Ar+H,(10%) 1 LAO ' LNO (h00)
495°C, )(

mc;’ \_...

370°C| y J\____ 364°C ,i :J‘j\ i
319°C| [ 1 L_.. 291°C |, ' i'~.........
44°( [ » | 225°C | | ;\L |

| N

| v |

0 ]IO 2I0 3I0 4Il] 5l0 6IO '.’ll] 8ll'| 900 l‘0 ZIO 3Il] 40 Slﬂ 6'0 '.':0 8I[l 920
28[degree] 26 [degree]
Fig. 1 XRD 26-6 pattern of samples fabricated by
sputtering method using (a) Ar, (b) Ar+H,(10%) gas.

105
@ 77 K k W Ar_as—grown
104 , A:Ar PLD annealed
CE) 103 - 0:10%H, as-grown
a ; A:10%H, PLD annealed
E 102 |
>
= 10! ‘—D-/j
% 100 L — Sy J_/I/E
q) E \ — _E_’ - = -_’_‘_'
m 2 A : "'"-‘r--’ .
101k =
102 : !
0 200 400 600
Substrate temperature [°C]
Fig. 2 Resistivity at 77 K of as—grown, PLD annealed, O,
annealed samples as a function of substrate temperature
(closed: Ar, open: Ar+Hy(10%)).
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Microstructure observation of filament-structured MOD-YBCO film
on Zr-patterned substrate by TEM
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1. 1ZU®IC

YBa,Cu,0, (YBCO) fitht D I DRI 1, YBCO
JEN DR 1R DWEHIR OB ENHIH 2 D 22V F 7 4 5
Ay MEDBERITH 5[1-5], FLcldHiheLvF 747
A Y MLz E LT, FHIEFER 2 B8 L CRIRT 3 2
Lk ZEREE ORISR R L Tw (6], Zh
T2 Zr 2R IZ 8% — = 7L 72 SITiO,(STO) i
T YBCO ZBEL 7 & 2%, STO T3 YBCO Jiix
fidim L, Zr £k YBCO ORLHEIMET LT3 Z &3
GroTwb, MO B8 Z2fTo7 & 2 A Zr H LD AT
HWBRAL, BRANLEEA» SARFIEICLZCLF 7
4 7 AV MEDWEEED R ENTw%, Lo L, MO TD

BEHER L NIRHERR O R RBIRIZA S e > Twde

A G T, Zr 1 R BT 3 YBCO [ Wi sk
7B AR E T B (TEM) CBIZ L, Zr H EicBIT 3
YBCO [ i Pk # bt L. MO Bigtics 1) 2
Zr B ECHREEE T 2 BHAICOWTHHET 5,

2. EBRAE

I 5-20pum @ Zr ZHiEiRIc Ny —=> 7 L7 STO
(100)4H512 TFA-MOD (< YBCO %L 7-. JEUkHC
I3Y:Ba:Cu=1:1.5:3DFEEH, Wl EICER
THOAE Y a—b & 703 K TORBEZE 3EIED R L 725,
1053K T?D 150 437 DABER i L . BALHH 3K &S %2 E
AL7, BohfilkHI o \»WT | TEM DEE R ASHT)E
T (SPED) I CHEMAH - HOEIZ 21T, ZriELIcE
U B WD & J7 G Rk i oW CHEE L 2,

3 HEREER

Fig. 1(a)l3BMABERTIC 35 1) 2 50t BRI, Fig. 1(b)id
TEM-SPED [XJ¥ & 558 -l [ 0 — 30 2 I TR
L 72 30EHITIE 0 Image Quality (IQ)% v 7' YBCO Ot
RAOEARE R L T2, 1Q 2y 713 5um i Zr &

(a) (b)

LofEREBROBIZEG TH D T oMM D STO, ZrO..,
ER D YBCO, K7 IRD CuO TH 3 EREI N, D
ZEo, ZriZBuIc ko TibIng 2 L, Zro,IN
BRI 1222k, YBCO  CuO Ol b T2 HEST 5 2
&, BRI 1.3 5L b RMOMMMH L %5 L
Bhbotz, £7 ZrO,E Ll o Tid, Bk &R FIRD
HBSEAL TWwa Z EREn,

JEpk > YBCO 1 Fig. 1(b)Ic 733O~ 3 fhsHIZ 434
SN, BEARNIORTRERELR & 2o T, O QTR
EEAS ¢ WAL L, @ CIEASEL o ¢ Blic A s OV L A1 A3
it Cwiz, ZHZ s, ZriE LI E 7z YBCO
IS B DEINTL B 2 E Db o Tz,

P EDERED S Zr H ORI OWTEZT 5, Zr 1%
Bz ko Tk I ., ZoE ETiRRIRO CuO
BEIA ASELAL 7= ER D YBCO SR E 15 2 E3bh o Tz,
IO LS, HARERIC Zr ZHERE L 72 iz YBCO %
BiEd % 2 £ ¢, YBCO DffEfELIA%Z ZERIMICHELE 2 2
EDH S DI 5 7, MO B2 BT Zr [E_ LIRS Ttk
WHOBAT 203, L7 YBCO %Sl D fLiic
BN L CHEEDNEREINZ WD TH S I L3bhro T,

i

AiFZE1E JSPS BHiffg: 21K18831 ¥ X Of 22H02019.
o (B0 WHE - MRS Joint Research
Hub Program & JST-CREST (JPMICR18J4) ®Bhpk#%
ZTEML2DDTH S,
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CuO

SrTiO,

Hole 1pm

Fig. 1 (a) Schematic image of the sample before heat treatment. (b) Image Quality map and crystal
orientation image of YBCO after heat treatment in the cross-sectional direction by TEM at
YBCO/Zr/STO.
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Research towards improving the magnetic field properties of superconducting bulk
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Railway Technical Research Institute

E-mail: yano.suguru.49@rtri.or.jp

1. FC®HIC

REBCO 7V 2358 06 & UC& TS R~ I 03 17
SN TCWA[L, 2], REBCO A7 DR JTiEEL T, Single-
Direction Melt Growth (SDMG){E2375 B S Tb, 2,
ST NVRAAL DRI REBCO 73V 7% seed plate LT, &
O _EIZBIFED RE’BCO 7NV EHHE EAXICRESEDT
ETHD, HEHD Top-Seeded Melt Growth (TSMG) #5 T,
a-growth FEIEE c-growth FEIOD 2 D OFEIFIZ 53703 TLED
DIZHFL, SDMG {ETIE, 73L& RS B — i i kR 8 I8
DR EIDEWVOFI R DD D3], LAL, SDMG k4 A
T 5728121, seedplate EL T, TSMG ¥E72E OO 5L T
ERlS 7= KB REBCO NI BULBETHD, 20O KHE
REBCO L7 OAERIIFELELTIE TSMG #ED—2>Thd
RE JCHEALRABLIEDR D,

TSMG JEIZ8 5K REBCO /L7 DFERLITIE, MIRm
ROBEOIRERIEAHLS, SBMEMOMRE AR 72> T
LEH, ED72, BB RIS RS bl i3 B D dh 7
DEBERLRLTL, BERLHE R W ENH RN
BD, RE TLHEMKABETIE, B0 LB E I
TR IR DR E KL A2 D 5972 RE JERMAICL, FMEES
TORAEREH T 52 TIORMBICHHLL TN, /3Ly
ZREIATS SOBIZREIY, REMREZREHLOMEIE Gd
DI, AR ->TIEIZ Dy F—7EB&2#CL, SME
JET Gd:Dy=8:2 IZL7z (Gd, Dy)BCO /L7 C, EE 150
mm FrD KIGEAERIES L TONB[4], Z27C, AAHIEE (Tp)
1% Gd123 23 1030 °C, Dy123 73 1010 °C T B[5],

AL TIIAMO RE JTHEAMREL T, KA(Y, Er)BCO /v
7 DVER AR,
2. RER A

Y203, Er0s3, BaCOs, CuO Z{LZ &L CIRA L., BER
FHZET Y123(Ty=1000°C) , Er123 (T, = 980°C) , Y211 %
B RkL7T=, ZLTREI23: Y211 =7:3 OF/NETRALZE
RIZ, Pt & 0.5 wi%IRAIL . —HlE7 L ATEE 60 mm O]
BRIARAL M EERILT-, 723 RE123 SUIE, Ly hoH L
DHEALE 30 mm LINOHLERIE Y123 % B 30 mm A5
60 mm ETOAEERIL Y123 & Erl123 ZIE & L7=(Y, Er)123

BRIz, 0%, 77y 7 AETIERLTZ Nd B & s
fnel, TSMG EICRY R EEE 217\, (Y, EnBCO
NIV DEAS T,
3. EERHER

RE JEEALRR ABLVE CTIERL 72 (Y, Er)BCO /L2 % Fig. 1
WZRT, Fig. 1 X0, 72U ZEREIZIBV T, Nd FEf sz i
BETD 4 ROT7EITALH, FUlER LS E ER O LS
Raz, WESMEETHEL OO IENER TED,
DZEND, (Y,ErBCO /L7 Tih-Ch, RE LML AL
B TREMNET IS B DA A ML, KBSy
VRS BN RETHDHIEN DT,

L Py

Fig. 1. (Y, Er)BCO bulk fabricated by RE composition

gradient method

SE

1. M. Tomita, Y. Fukumoto, A. Ishihara, T. Akasaka, H. Osaki
and M. Sekino,
Superconductivity 26, 1 (2016).

2. M. Muralidhar, Y. Fukumoto, A. Ishihara, K. Suzuki, M.
Tomita, M. R. Koblischka, A, Yamamoto and K. Kishio,
Physica C 496, 5 (2014).

3. T. Motoki, Y. Yanai, K. Nunokawa and J. Shimoyama,
Appl. Phys. Express 13, 093002 (2020).

4. S.Nariki, H Teshima and M Morita, Supercond. Sci.
Technol. 29, 034002 (2016).

5. M. Muralidhar, H. S. Chauhan, T. Saitoh, K. Kamada, K.
Segawa and M. Murakami, Supercond. Sci. Technol. 10
663 (1997).

IEEE Transactions of Applied

106 20234 AL T - MEEY R



1P-p12

MgB; (1)

B ADFEEAN)AIILAAILEHFED=6HD MgB, FED

BFUOI AIxt 9 HER

B F T

Evaluation of Critical Current Characteristics under Bending Strain of MgB,
Strands for Force—balanced Helical Coils

FHIL, REEER, MRS, BpRET— (BEKR) ; DA, SEEERE (NIFS) ; #E 2 (KEK) ; CHBE= (HK)
Hang Xu, Kenta Yajima, Daikichi Hayashi, Shinichi Nomura (Meiji Univ.); Hirotaka Chikaraishi, Naoki Hirano (NIFS);
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1 EL®IC

AWIFE T, MgBo MEERRZ A U7 1 MJ ik SMES
BRI~V FV a1 )L (FBC: force-balanced coil)
BEOHREMEZ MG LT\ 5, BEE I L oRE(lEE
B9 % 72 0\ ZEE ) &2 KIE AR S B 7 FE g~ ) 7
VAN EBEAL, MgBe 737 4 — RERZE W72 10
BmAEES IV OMEEED TS, MgB, iz
RERERAT D70, BILBLT BH1IZERE T T T 4 —
RERILT D e 2BE LTS, UL, BEERINT
PRI &0 BRERUCHNITO T A2 D | BB
DIETRBEEIND [1], Lizh>T, 7% 74— NEYK
DRk ZRET B 728D, FILBLT B HTIZ MgBy FHFRIZH
ME N flF O F AL O B BRI 5T 2 B O
RRBIIT R D, AFBETIE, HZHEOBER 0.67 mm D
MgB, k% M1 F 7 IRE TR 217\, ERSAE IR Z
Pl S 2 SEERIASE D EHBRBUZ DWW THE T 5,
2 MgB, RIGORT - Bl

MgBy Eft EDEESIZH I BT O T A ¢ 1d.

_T

e (1)
Eld, TIT, vy BEBOPETHY. p 13RO
MRETHD, TDd, MgBy ZRgofIFOFazxs 23
WS EREME 2R T 5720, EROMIFLREORZ 5
VIIWVDOEMENRBEIZ D, — ., BUHE L /- T MgB,
FRUHTOTAZEINT 2 Z & 2B <72, MgB,y Fit
ZE—)V NCTHITTEE 27\, ZTDHT MgB,y Kl
EE—NVRNIZEET S E ECHH - BEEREZT O BLEH
Hb, LhoT, HERESIEK 1ITRLTWS MgBs
FROWE— IV ARG - BFF L7z, B LEZE—LVRT
. SR BICEIT RO B D E A SE L, SRR
B IGAT Rk Rl 2 B 0. MgB, ER2EICEE T 5
HET, MgBy AL i 2 Mk s 2 Z & T, AL %
HAHIETES LS 12h5,
3 EEdD MgB, BERER

AEBRTIE, B GM mE#EZ AL THRUEL 7=
MgB, #fitH L OHE—IL K% 10 K~20 K FRE 2R
%, BRI GHBEEIR 2 2R d, EREESKE 22
DI ITAFARY "HIZHRET 5, RHARAZKS 372
O, GM BB — B HI1Z 30 D MLI THE > T\ 5 Wi
CHEABREREET S, GM BHBE B H IR AT -
ZREL. 740V —X—TBRHBHIAT—VDRE
ZHEIL T3,

B 3 1281 — IV N EDEEh MgBy 5408 % K5k DY
W% Rd ., 4K MgBy A% E 5 Hife U CEBIER%E
ToTWwWad, HlE—NVRRZ ZEHWHIAT—VIZHiE L.
10 K & 20 K OBEI 4 Tk TENTND MgB,y Fii
DR ER % AT 5,

K FY T O FLE T O E R R & MgB, #
FROMNF O T AU S B B SR BT LR 2 DWW TIE S H
DHFRTHET D,

insulation paint
y

. 100.0
r 2=

o=
U/\
3

copper plate

(a)
- e
g %
1 1
! _adl
Unit: mm 200 (b)

Schematic illustration of the MgB2 sample mold
that bending strains are 0.0%, 0.2%, 0.5%, 0.8% (a) and
1.0%, 1.1%, 1.2%, 1.5% (b).

Fig. 1.
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Double Insulated | ===
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Fig. 2. Schematic illustration of the cooling equipment.

HTS

voltage tap C urrent leads

2nd stage
Fig. 3. Schematic illustration of the critical current mea-

surement of MgB2 samples.
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Cryocooler Cooling Test of an Insulated Double Container for Short Sample Test
of MgB2 Rutherford Cables
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Insulation) TEOLNATWVWARWIKEETH %5, mHIER
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HC-40 PRI E L TE D, G-FRP Xt 3 A TX X
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6.96 nW ¥ B X7,

3 RHIEER

Fig. 213 HC-40 OmHIEER CTHRIBHRA T -V %7
SR 2 R H a— L Py ROIRE ORI 2R L
TW3, ZEEoEEDOHIEICIE Cernox HIRE 2 >
ERHWz, BHIAT =Y 2 ERY — FZED i Rngg
ff (Exp .1) THHI» K 8 IR OMEHEE 1 RE & 2
BHOa—IL Ay FORBEIZZFAZAN 348 K, 2.33
K TH o7z, MgBs BRERIEEERD 72912 Cu EIR
U — F7% HC-40 (i % TE D 1 725 (Exp. 2) &
O, Cu®ERY — Rz CTHTS BtV — FEHE R
T =V FTORF LM (Exp. 3) BWLWTHHARER L
{To7z. Fig. 2 D@D BV — FaEDF % L imHIR T —

POWENCE T 2RI E L 28, BRIERIEEZ 10
K % FE 2% Z L RS Tz,

LB L 7SI EBEE IO W TR ABRREGHRE N
DFiZ LI OV TIEYE HIRE T 5,

Fig. 1 Installation of the insulated double con-
tainer in the cryostat.

Fig. 2 Cooling experimental results. Exp.1; w/o
cooling stage and current leads. Exp. 2; with Cu
current leads. Exp. 3; with Cu current leads and
HTS current leads.

BEX

[1] S. Nomura et al., “Scenario of Mobile SMES for
Eigenvalue Measurement” IEEE Trans. Appl. Su-
percond., Vol. 32, p. 5700706, (2022)
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Strain measurement of MgB2 wire by neutron scattering

MTRERES CRFEIRY) ; BAOGE GSABD 5 208 Bk e ;

AT 77 XA« nLE (JAEAJ-PARC) ; JI|IEELES(JAEA J-PARC)
MACHIYA Shutaro (Daido Univ); OSAMURA Kozo (RIAS); HISHINUMA Yoshimitsu(NIFS);
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FEIX98 % D JFER AV =, IEAIE 1.04 mmd THY, £X 100
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Fig. 1 Cross section of ''B riched MgB: wire
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J7 1 TIEHI-90N, ¢ fili 7 H CTIEfI-50N, 72> THY, MgB2
TATANIEREOFRE O A H L TNDAREMED EV,

3088 ; j ] 4 MgB; Lattice constant ¢
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Fig. 3 Relation between the results of lattice constant
changes of hexagonal MgB2 “a” and applied load (axial

and lateral).
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Fig. 2 Diffraction histogram using ToF method
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Persistent current operation of conduction—cooled MgB, coils
using high resistance PCS wires.
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Fig.3 Persistent current mode test (10K)
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1. H. Watanabe, et al.: IEEE Trans. Appl. Supercond., vol.
30, no. 4, Jun. 2020, Art no. 4601206.

2. T. Koga, et al.: IEEE Trans. Appl. Supercond., vol. 33, no.
5, Aug. 2023, Art no. 4600705.

Table. 1 Specifications of the MgB, coil

[tem Specifications
Rated current 112 A
Central field 2.0T
Maximum field in winding 2.3T
Operational temperature 10 K
Winding turns 2080
Outer/Inner diameter 168mm/80 mm
Axial length 82 mm
Inductance 0.34 H
Stored energy 2.1 kJ

., Coil Voltage [mV]
D 2 b w 3 o 2
(=] o (= o (=3 (=] (=1 =

to
S
S

Fig. 1 Photograph of the MgB, coil
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Fig. 2 Coil and lead voltages during fast exicitation

Fig. 3 Coil and lead voltages during quench test
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Electromagnetic Characteristics of Superconducting Synchronous Motors

for Liquid Hydrogen Pump
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1. Thermophysical ~ Properties  of  Fluid  Systems,
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Fig. 1. Relationship between latent heat of liquid hydrogen and
atmospheric pressure

Table 1. Motor Specifications

Rated output 0.75 kW
Rotation speed 960 rpm
Number of poles 4
Line to line voltage 24V
Cooling temperature 20K
Armature winding MgB: wire
Field magnet NdFeB

Radius: 30.0 mm

(Length: 150.0 mm)
Stainless Ring

PM  (NdFeB) —

Iron Core

Shaft

Fig. 2. Motor configuration (example)
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Simulation test of liquid hydrogen supply interruption for high—temperature superconducting coils

for superconducting generators
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TR EXR PG T DEMRMEMRFEL 7=, AW TIL, ZOEH
EZ R EREMES, I, RAEILD 80% ETaA/L%EH
BELTDREET, b—%—% ON [ZL TR % Fif Q& 2f
NG EE AT 2 ETOBG BRI,

3. HER-FLD

20 K ORKELAFIRAEKE T, To#HE 0.2 A/s TR
BroaA )V E G L T-, 240 A5 250 A FTHRIBEHPICEVREL .
T BHERNEEL CEIRZER L-, HFORSGMET
240 A FTHIBEL TaANDBEIEL TN L2 R LT,
[RAREFEEL TEDT- 240 A D 80% TH 5 192 A FTEI
T, Be—#—%O0ON|ZLTI125 W@)\?ﬂ%ﬁﬂﬁ%f«fzﬁﬁ%
T TVl IBEZLOK T LEIRERRFZ 4K 2 |
T, Tsl OIRENIKIR 20 K 235 EF- LIRS T- 62 51 Ts2
OIRE ERADPHERRS NI, S5IT 10 /5 2121% Ts3 DR E
ﬁﬁ\ﬁﬁf&éﬂ FEDAFRIIAANDAREL, J2 T

FRMENEL CEIRA KT L7z,

ML@F%?) O, M CHHREKFZOMAGIME LLT=
AVPREEIREHFTEHLTH, LIZb@EEMk T&
HA[REMERH DT ENA LTI Tz, BlEFEE, EEDOaA
NOEHNGIERLREBROER G B B LR BRE1T
W RO FEHEEIREEE AL Om AL EMEIZ DN T

J— 69 J—

HAETRDD

Table.1 Specifications of double pancake coil (1 pole)

Width of REBCO wire 4 mm
Thickness of REBCO wire 66 pm
Effective length of double pancake coil 200 mm
Width of double pancake coil 120 mm
Thickness of double pancake coil 9.3 mm
Number of turns in double pancake coil 100
ANDmm
FRP jig - T
42mm
_ Tsl
Liquid
hydrogen — /_\
tank 190nm
120am
test coils — — Ts2
140mm
_l Ts3
25mm
[ DU )
heater < >
Fig.1 Schematic diagram of the test sample
i ? owin
PT)) el 11 T ............... Shutdown : ,,,,,,,,,,,
—==-1s2 ; : )
= ---Ts3 : : [
< ' P
tu \
8 X
g ) AR N SSE AISE| (OB SN NSRS, (NS |38, S B
. :
I
I
- " !
200 _r,..A.,__.“,ﬁ....fyﬁf...Z.._Il__...._....n.._____}__
0 50 100
Time (min)
Fig.2 Temperature measurement results
and current shutdown time
HEE

ZORF, BN ST S R BT 1L F — - PEE TR
A PSR (NEDO) D ZFE 33 (JPNP14004) O RAELL
7D T,
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Evaluation of magnetization characteristics of pancake coils

for high—temperature superconducting rotating machines

S FE, KR, B T

(R TR)

HRE R LK) b BiE (R oK)

IURA Yasunobu, KOGA Taiyo, KUBOTA Ryosuke (Fukuoka Inst. Tech.) ; IWAKUMA Masataka (Kyushu Univ.) ;
INOUE Masayoshi (Fukuoka Inst. Tech.)
E-mail: mem22101@bene.fit.ac.jp

1. [XC®HIC

A AR O E L LT, IR Al O n— 42—
—ZBELOBESRICESRMZ I-HO0, L—AN v ra
ANERNDEDRERHD, L —ANT v ra Vg, EEFE
Iﬁlﬁﬁ%@%h%ﬂf@ﬁﬁﬁ7b>%%én1b\é7b> FIHERE

W2 Lo TR NS D BB o0 A o oo AR AN /e 5 2 kktﬁé

HxIIEZT, VAN I RIOE T N —Fa )L
DRGSR K ORI 0 A7 Rt 2 R & A TR B R ARHTICEY
TN,

2. L—ArSY A ILDBE#HZaL— 3y

VERF DL — AN v 7 aA VO ER% Fig.1 127 d, L—
ANT oA N DERE 1 DKL 2 mm MERRA % 2 FIFEdE T
BET N =R T OREIEE L TND, B/ N ERIE 40 mm,
i DESIT 83 mm THD,

FT, L—RANT o7 VRSB EERM O LV 8 EETHR
Nz, AW EERAT 1T Super Power #1510 REBCO #h4
(SCS2030-AP) C, f&i 2 mm, £X 120 mm THD, TN A& H
FROWREE (Fig.2(a)) &, FEL TWAEERLDE —[E/ NS E
£& 30 mm OHFEDIREE (Fig.2(b)) D 2 @YELT, LV IES
17272, 2 DOBPEEEFEL TITH2DIT, BERROIRRETOH|
ECITERR T2/ LEHWTERLTWS, -
REBCO #AA B0 o5 1) 72 38 3% 7 R B 2V O 37 0h 20 mm
Thd, LV JIE, RIRESRE, B OB T TfTol, ok
B% Fig.3 |RT, BEEMMEZEHIO LT 8524, HU -
RAETOD I 13X 85.4 A THY, Fx/NF4E 30 mm TOMEE B
MOLAITIRNZ LR TET,

WIZ, Ba it U= RER M 21T o7, fRFTIcI
JMAG-Designer Z{f /L, Fig.1 \Z7RTL—ANTFw 730
3 RIEETIVEMER LI, BRICH VAT RES
20 mmx 50 mm, BEEIREEIL 500 mT Thb, Wit & kg
5mm T 1 RBEHEZITWVEO% 100 mm A 2HH Bz,

ZOREOETRBE DA DX X% Figd (T, BAlx
Fig4 O EMBICHEBEL TWAHOT, BEEOMR VA EEICE
TN LTI DIEITIRDN, FDOREA PR TETWD,
FHE B, ERLIZL —ANT v 7 aA VO ERFES T
WETLTETHD,

AL, ESIRFFEBR R 1 AN BT = L — BN A
B 7% % #% (NEDO) © & 5t 3 %, I VT JSPS F} f 2
JP22H01928, JP22H02019 D RAALNTZH D TH D,

Fig.1 Schematic of racetrackcoil

! Current lead

Current lead  Voltage lead
i

REBCO

i
& Voltage lead
£

(a) (b)

Fig.2 Schematic diagram of /-V measurements

10°

—0— R30 mm
—— Giraight

,_
2
i

Voltage I [V]

107

Current T [A]

Fig.3 I-V characteristics at 77K, self-field
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Fig.4 Current density contour diagram
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Numerical analysis of AC losses in MgB, multifilament wires
under a rotating magnetic field containing harmonic components

WA BA, W s, A KA, SEROIE, R 2 GRKR)
OKUMURA Satsuki, KAWANO Ryosuke, NAKAMURA Haruka, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo)
E-mail: satsuki—okumura@g.ecc.u-tokyo.ac.jp

1. [XC&HIZ

AR, TR R SR BEH B O e o BB L
DRFZE DL AN AT N TS, BHTHE RO BRI L~ T
RN i D9 OO R L R oD F SR RS v T
5. BEERESICITARCER, BT BHROM 1 EE
BT A L U2 2 8 0 i & FURE R D 1
TR L QD SR EE RS o 2 T DD,
Fx TR BELRESEICE B LU TIMEEED TA.

A EE RSO B T B RS A EIE b &
RUHERBIEAT 7280, B OR TRV TEK 75
BROZZ AR R A AN A LN EE THS. xmﬁaée
ERXTU R, ALK, WERELD 3 2l
AHFFETIE MgB, oA V&5t 52 Eigﬁuﬁé‘»ﬁﬂﬁubf_ a0
R, EITE AR REEAT I AR R EAEARTIZEY
L7, 72, FUNEESHS SRR S 0N 'R LGS
DB OV TR 5.

2. BFEEETIL

H-gEEFE AL T MgB, #ib4 I BIRRE SR A FINL 7235
IZDWT 3 IRTEE T 21T o 7. EBELA Efﬁ&fﬂﬁﬁﬂz
 HIECHEL, 20O BRI g THELTQND.
FRATET AVIRE Fig. 1 \RL, STET AO~HER O
M AE D5 A—%% Table 1 TR, fEHTIZIZ COMSOL
Multiphysics & FV 7z, Eﬂﬂﬂ@iﬁwﬁoﬁ&%wﬁﬁﬁﬁﬁ) 1.2
T OEEZEMTL, 3 SRR E EELUIZG G O EL
TesB L=,

F7z, Bl JCZPE)EXT)/XTEQ%&U\{*/\*E%%*@t.

XTIV AR L QNS GHEAOER I FoXTEHEXD
nat,
16
Wy, = %f/’le]cDoQ(n) (@)
1
We =5 (fBuly) (147 @

ZZCf [Hzl, 4, By, [T], J, [A/m*], D, [m], p, [Qm], L
[mliZENE B L, BEET +TA O SR, HKAM
Wl B, BEE T 4T A MO EREE, BEET (5
AN, BT HRPLER, VAR YT THD. Q(n)iEEHS
R ORI EISFEMNETHS.

3. RITHEREER

FEARIE RSy DDA K3=0)E 3 R Em % 1% EESE
=55 (k3=0.0)ZFIELT-. Fig. 2 2@ EZEEL TR
WIGA OREHREEE A s . iz, EATUV AR L)
FEEBKICONWT, BRSSP EESN TV WG AL
HEISNTWAEA R ELEEL Table 2 12FELD7-. EATUL A
L, EEHERELICEIE R DEEIND LR
Lic. Bl NEESNDERENEM LG ICEST5
M1 SRR T AN TERDSTIENRRIZEE S
nb.

4. FEDHESHDEE
MgB, A VX G LT3 RILET IV AAEEEL, ARk
T 24T o7, BETHRARIZ@Y, B L E VS HDH A

STeN5.

I DA BRE ThAZLITERL TWAEEZLNS. LTz
WoTC, SRITEMEREME A G LI ET NV ERET .
Fi, NIRRT G OFEEHRIRIT OV ThIRETT
%.

Cu

//l(r reglén
74 “77 \

‘:/5 m‘

Fig. 1 MgB, multifilament wire model built in COMSOL.

Table 1 Analysis conditions

Number of filaments 2
Filament diameter D, 63 [um]
Wire diameter D, 1.0 [mm]

Packing factor A 2

Twist pitch [, 10.0 [mm]
Total wire length 10.0 [mm]
Air region diameter 10 [mm]
Frequency f 0.312 [Hz]
Applied magnetic flux
density B, 12[T]
Critical current density J, 3.3 x 108 [A/m?]
Q) n/4
\\\\\ [T]
= R 0201

k

\i\\\ 0.199

==

Fig. 2 Magnetic flux density distribution 0.9 seconds after the
application of a rotating magnetic field.

Table. 2 AC losses

k3=0 k3=0.01
Hysteresis loss 2.55x 1078 2.53x 1078
Coupling loss 7.37x 1078 7.27 x 1078

S &k

1. EMZ, “EREESROZREBR,” HiH 15, Vol
45, No. 8, pp. 376-386, 2010.

2. B et al, “FEFVRIEHERERE S H OB EE L O
AL M T Vol. 21, No. 6, pp. 348-353, 1986.
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Analysis of Vector Control Characteristics of Large Scale HTS Synchronous Motor
Using No-insulation Field Winding
O M 84, JFIl A, I AL REHE B CIERT) Al Bk (R R
YOSHIDA Saiki, HARAYAMA Kyosuke, OGAWA Jun, FUKUI Satoshi (Niigata Univ); ISHIYAMA Atsushi (Waseda Univ)
E-mail : 22c¢089a@mail.cc.niigata-u.ac.jp

1. [FC®HIZ
KA HTS BB OB RN Z RS DT NI A /L% 5 Tab. 1 HTS Synchronous Motor Model Specification.
BEBRICE T 5 BRSNS, I‘Jﬂ;ﬁ*ﬂ%@ﬁ@%ﬁ@% HA#H g
o NL A VAT B8, &— O ik e | e o
PO VRIS 5 2 DB Al T 2 L ER N H D, AR5 TR [A] 2700 5% 3400
i, A 20 MW % HTS [FH1 B E O B KRG 2 1TV, [EHH [rpm] 90 RMBIBIHES [0 om?] 100
3 WOLAIRERAHTICLY, NI RRa AN EHIELIE—4 il O . ;
ETFNEIERR LIz, ZOETINIESE, ~TMVHIENC LS - 201 |/ 4
HIEREME L Z DWW TRET LT, EiRE/ AT v b 4
2. E—42ETIL
AWFZETIE, KB~ HARELIZH ) 20 MW/
[ElEE 90 rpm O HTS [FI BB L 5442, o L
1%, 12 mm §E® REBCO #aA /L& AWT, ZEER 3.2 T
BRENRAETEAIDICREETEZ 500 A (e KEEKBR
474 TETDHRFTELT, FBREEM A 200 kKA/m, EMELEL
4.5 kVrms (FRREIEE)EL T, 90 rpm THRAH S 21 MW 2
JE (BT T/ 20BN E KO E B e Gt L, %5
T T O 1% Tab. 1 LY Fig. 1 IR, ZOET
TN, 3 WROGA IRER AT LA L2 0 5 2% AT
L, dq Sl A8 LT, 22T, R0 NI SUBiaA i
ENENNEBENA L F I B A E— TS
PR SNV SR HL L DA F[A] B T 2 LA CE DI LA , , , ,
2, BBt B 75 AW FWEH AT AT S5 d Fig. 1 Schematic cross section of numerical model.
BABTES 5, dq S AMiEEKE Fig. 2 [ORT, ZO%AHE R i A ke e N
5L, BIER OB SRR F ORI F85, 22T, l ‘“"l% “ 2T
vd, Vg, 1a TV igl, %ﬂ%ﬂdﬁﬁ&@qﬁﬂi@ﬁr&(}%m, ; T4 T
i (ERBEERD d WALy, Ro (TEHETHRHT, Lo RO Ly 13 8 pro— T wwaEn
d WR T q WO H CA S 75 A, Mo 1R TSR O Fig. 2 dq equivalent circuit for synchronous motor with NI
WEALZIE R, @e o O om LR OB A, T, & HTS field coils.
O Dy I3 R OB T — A OB, P,

T XA Tid, 7235, p IEREIIIC T By B 7, T R R ol I
IS BB T B R G5, o : © T
v, =(R, +L,p)i,—wLji +kM,pi, I g
v, = (R, +@,L,)i,+ L pi,~kMi, - (1) mm;:, T

J,po, +D o, =PkM, pii)-T, ”; _| I ‘;"f’“ﬁ"“"a

Speed controller

3. EmESIHSIaL—3> e, —?—-@—@—- —n
R EE AR~ D BB & ST 5 7212, Fig. 2 (2R 9 Reseriros ? ?)_3»»«

o (Lt + kM

dq SFAHRIEEIZEED N TR MV AE N L, B cumont conoter
ROSEIERNRE PLUROICINT 5. Fig 3 CBBIRD | Loy =0 =L e o
HiEZ 0y s MERT, Fig3 07 ny 7Kk, R TEEEE N g0
WEFEIR B & EFEE T —EIR S, HERSEE —ED
e R T S8 2 AR RN 21T - =65 R % Fig. 4 Fig. 3 Diagram of vector control and excitation circuit.
12”7, Fig. 4 ITRT LT %‘3%@73 5 DOERT b
JUTRIBINZ L % R i AE :l+ HETHDZENho 100 : :
Too RERIZRARAT S R3S Eli’é&iﬁ‘éo T sl ]
HEE ? 60 | -
ARTRIED 1%, B8 58 42 (22H01464 1 OF R Revolution
22K01478) 1Tk EEL 7=, Z 20 -
BEXH ‘ ! RN i 5
(1) U. Bong et al., IEEE Trans. Appl. Supercond., Vol. 31, No. 5, . . .
5200505, 2021. Fig. 4 Example of simulation result of speed control.
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Electric Design of Experimental Model for Axial Gap Induction Motor and
Analysis of Its Motor Characteristic

W = DA, gk B, TR BR, /NI R RO IR
KIKUTOJI Konomi, SUZUKI Yusuke, ICHIHASHI Shun, OGAWA Jun, FUKUI Satoshi (Niigata University)
E-mail : 22c058a@mail.cc.niigata-u.ac.jp

1. [ZC®HIZ

[BIHE 1| IR AR AR (HTS) &1 Fi L 7= 2 B8 R X,
[RGB AR N9~ R0 IEER S Pl HECH D2 &R 2 YER
OBEWMAREICEY (1 MO AT FIREFEFI N ) RHE L2
AT ATREZR Y, IERDFHERI T WA R T 5, 2D
OFFEIT, FERRZIXRIREE 3 500 SR A IR TF L e
72, A OB ~OuEANAFF X5, HTS FHEMgo—
JE O O EEAIZIE, BEE B8RO HTS (LR HETH A,
LU ss, [EEFEHRO HTS b2 E 2 -4, AT
HWDNAEHE R A L = RiEE TR TE /=, HTS
BRI LA A WD ENRHD, Fox ik, Bl
PR A NAETE T — R DI A 2 L [RIRR A2 IE 5L LR 1 Sy AT A3
BoNBaAH VEREE T-LEE % 2 DOES 1T
ADH TN —EEEOT XX vy B0 HTS HE
BEEHTS-AGIM)AZE RL, DM EZ G+ 57-0
DINEF LD BRSE 2D T D, ARBFZETIL, 7 /18
D 3 WA IREHRMTIC L DERERFE HTS OFEMN - 2L
HOREIES 25 B L 7= S [B] B AR AT | K B R AT 51T o 7,
2. ERERE

F, /N T U ED - O FERE R F & HRVERRAT I
MBI AR B E O FEH AT o7, BREFTIEET,
HTS LD R—REL72 5T A— 2% 5 3%, FEM ATz,
[ E 1T HTS AV Z AW 5E0EREEL, [Bliis i
KEETHELIZEA, 7% 0.05 1T 600 W FREELL 1
OHIIBELI, D>, H FTREA A B ~F k0N Tl R
EEEL, FEMRE TA R E LT, Fig. 1 LY Tab. 112, §%
FHLI/ T U OREE K OGE LA R T, FEM ffFTIC K
D, ZOETNVIZEBNT, 70 0.02~0.05 OFPH CThLo %
fEMTUT=, —BIELC, 30 0.02 Y 0.05 DEEDORMTHE
R% Fig. 2 \TR T, ZOFRERLY, EEEF 23S EOLE,
T 0.05 DEEIZ 792 W RREE D ) N ELNHZ L3557
ST, WIT, REF MZOWT, FEM AT © IEA 1t B &
O HGRBR ATV, MBI E A R oD T2, KD 7= =]
e S % Tab. 2 (2D 5,
3. HEERETILICE D4R

Tab. 2 (R EEAMRIEIES EERICEESE, [B]FE - 2 - E B oH
AN ZATV, HTS AL LT-35A OMREZ #EFR 95, HTS 2 Ik
BRI B EZ 800 A &L, HTS {LL7Z3A DMLY K ()
1 REMROFHEEMRNT LTz, FIZ, 2 YEEKIRES 77 K LA
ECTEELZEGAEOTNDE—RORHEIZOWTHMT 21T
oz, LD RE Fig. 3 1ORT, Fig. 3 IRT I, &
IRHBEEAGICED, 1 KBR300 A LT CHERIBIHE S 2 kW
PLENESNDZ LD HERR TE T2,
4. FE

ARHFFETIL, HTS-AGIM D FERERe 2RI 35 7=d D 5
BT T SO BERHFT R N TSN RE A BRI TR
P72, EBRHET VO FHRIE O M & O OO fiE
Wi R 3 B35,
B

RGO —FiL, HEWFR B/ & (RES S
22H01464) 12X Efi L7,

Fig. 1 Schematic illustration of experimental model.

Tab. 1 Design specification of experimental model.

HAR ) 2kWELE | EETF
TERS BT 50V Bk i) 32.4 kA/m
TE S T I 30A oA VEURRAR 2
FIEAEEREL 1500 rpm == A 15
JE S 50 Hz BRVSEREE 56 A/mm?
Jieq 4 ELES
PANIRES 299 mm Znr vy Mg 27
i & 100 mm BRHER S EDE 800 A
7
6L s=0.05 Average : 5.31 Nm
E 5f
Z 4k
4 3L s=0.02 Average : 2.31 Nm
o
g 2f
r 50 Hz
0 1 1 1 1 1
0 5 10 15 20 25 30

Time [ms]

Fig. 2 Analytical results of torque in case of Cu secondary.

Torque [Nm]

Primary current [A]

Fig.

Tab. 2. Equivalent circuit constants (one side of rotor)

X 0.7771 Q
R 0.03052 Q
XitXy’ 0.1987 Q
35
| Slip mode (30.8 V) Synchronous mode

30 77K _
25 150K 308V
20
15
10

5

0 -

0.06 0.05 0.04 0.03 0.02 0.01 0

Slip
100
Slip mode (30.8 V) Synchronous mode
80 |
308V

60
40
20

0 1 1 1 1 1

0.06 0.05 0.04 0.03 0.02 0.01 0

Slip

3 Analytical results of torque-slip and primary current-slip
characteristics of experimental model
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Numerical Analysis of the Relationship between Segmented Structure and Loss
Characteristics in Superconducting Magnetic Bearings

J5E filon, BN BRH, SFRE K, KR e GRER) 5 B BERE (BHILER) 3 AR i, Aol Rz (REK)
HARASHIMA Fumiya, OKUMURA Satsuki, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo);
SAKURALI Yuki (Okayama Univ.); MATSUMURA Tomotake, KATAYAMA Nobuhiko (Univ. of Tokyo)
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1. [FC®Ic

1R BE L AU 3% (SMB) 1%, S8 BTl L 2 B
Bk L BEEFROKARAE L OEa - oI
%, BEEAD LV IEORIRIC X - THEIICIERE i 72
7 b - RSES2S R CH D | ARIHE, R, AX VT
FUAELE IR EZRONZ &6, 774K 4=
P N LA REENEZ 2~ DS a Sh T &, L
L, ANLEHEEHRAWMZO LI T KRELEREZ DD
SMB D ¥4, Fig. 1(@)Iamnd & 9 12 SMB 23EE F - (A5
FLBINFINE I I 228200, oElE
& AR IE A% & LB RGN RIE O BIAR 1 F 72 RN HIIA L
TEST, BHTIC X DHS T 208 D3H 5, AWFFET
RS HIEE T OME R R ICEE L, BlisER L
ZDFRRD 1 5TH A DORNG—M(AB) £ DBfRIZD
W, 3RIGHEMEFHAEMRNTIC X - CTHHM L 7245 R 2 W
&5,

2. ETIVOERKEBITFE

fEHTIC V> 72 SMB @ 1/24 & 5L O # Fig. 1(b)I
ML, ETAD/NT X—% % Table 1 I3, KAMA
WBRAMETERE 2> T D, ha—7r L & bIcEA
g2 MR T %5, BEET & EEFROWHY v v 71 5
mm TH Y, BN K BUWARIAHEEZ, 0.28 25T
BRIABDIT LT HEIICHEZ TS,

7o, RITFIEICIE HIE L o iz flatbE il H-¢ ik
ZHW, BELEZEGOHEBOWRE X CHEELER
DEMEIC HiEZE W, 2 DN ORISR DOFIEIC ¢
ErRvi, BEGEOERBEREL LT nEETL
ZEAL., A EREEOMIMKAE L LT Kim €7V
2T, LEDSMFD S & HIREZFERTY 7 F 7 =
7 COMSOL Multiphysics % {#iff] L Tt %2175 72,

3. BTHER

ER R EIRE L2 2L X G-I D W»TFE 53500
N 7 % & 5 ITVLAAIA A IREEZ TR L &S N fi@
W% Fig. 2 128, ZORIZAMAIE:2 — 7 oK
R B W CEETOBELEND 64U 2H8 A D5y
zRLTEY., MR EE, il SMB €7 1D
MK LR > T 5, BREEOZDORKEZZAB
LEERTZ L, 20O EDEREREELE LK 40 mT
Elpote, ZOT D5, FIETFHIDIKHICH S b 518
RO, 1Z HEAERIED S 2 WLIRD R ER
BREIWIZEAEKRGE LW L3 ho e, SKIF5 &
PEBET DT A =% L AB £ DOBREMITICL DI
2L, WG DR ZIT> T TETH 5,
ZE
1. John R Hull.: Supercond. Sci. Technol., Vol.13,

No.2 (2000)

2. Y. Sakurai, et al.: Proc. SPIE 10708, Millimeter,
Submillimeter, and Far-Infrared Detectors and
Instrumentation for Astronomy IX; 107080E
(2018)

(a)

{b)

Permanent Magnet

Line for AB check Iron Yoke

Bulk Superconductor dm= A\ir Gap

Fig. 1 (a) Basic structure of the SMB, (b) 1/24 model
of the SMB for numerical analysis.

Table 1. Main parameters of the SMB components
for numerical analysis.

Rotor (PM)
Width x Height 12 mm x14 mm
Angle 15 deg.
Remanence 1.2T

Rotor (Iron yoke)
Width x Height
Angle
Relative magnetic permeability
Stator (YBCO)

5mm x 10 mm
15 deg.
1.00x107

34 mm x16 mm
294 mm
1.00x10* V/m

Width x Height
Distance from rotation axis
Critical current criterion £

nindex 21
Constant of Kim model 5, 0.35
-3.3x10% [A/m?)
0.44 1x10° [A/m?)
0.43 8x107 [A/m?]
0.42 6x107 [A/m?]
0.41 A\
0.4 /4 \
E 039 / \
@

0.38 / \
0.37. — / \\ e

0.36
0.35
0.34
0.33

0.32

-4 B

Angleoldeg]
Fig. 2 Distribution of B, for different critical current

densities.
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Evaluation of AC Losses in Reduced-Size FAIR Conductor
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ATSUTO Suruki, AKIFUMI Kawagoe(Kagoshima University);NAOKI Hirano, YUTA Onodera, TOSHIYUKI Mito(NIFS)
E-mail: k3261878@kadai.jp

1. [ZL®IZ

FAIR (K%, REBCO #LT NI=w AL — A HICHE
L., TAI=U LB EDOT Yy NI, Eaha B
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Fig. 1 Comparison between the measured and calculated
magnetic field on the STARS conductor sample. For the
numerical calculation, the 15 tapes are modeled by five tapes.
The waveforms of the calculated currents in each tape are shown
in the middle, and the sample current with a trapezoidal
excitation is shown at the bottom.
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Fig.1 Schematic of analytic model for WISE conductor.

Table 1 Homogenized equivalent physical property

Young’s moduli (GPa)  Ex, Ey, Ez 31.5, 31.5, 102
Shear moduli (GPa) Gyys Gyzy Gy, 3.211.8,11.8
Poisson’ s ratios Vs Vs Vi o 0.15,0.1,0.1

(a) Axial strain (b) In-plane shear stress
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Fig.2 (a) axial strain distribution through the coil winding
direction, (b) in—plane shear stress at coil cross—section.

Fig.3 Von Mises stress distribution in components of WISE
conductor (qualitative contour map).

SEXHR

1. J. Miyazawa and T. Goto: Phys. Plasmas 30 (2023) 050601

2. S. Matsunaga, et al.: IEEE Trans. Appl. Supercond. 30
(2020) 4601405

106 20234 AL T - MEEY R



2A-a05

B {758 REBCO BAZ ALV 3 RIUERI T RVMD IV ARMEHDEE

THilfie

D a/ME
Quantitative Evaluation and Minimization of Edgewise Strain in 3D Winding Magnet with Simple
Stacked REBCO Conductors

B HEAL M R EZRVE W, I R); Diego GARFIAS-DAVALOS (F&AfFK)
NARUSHIMA Yoshiro, YANAGI Nagato (NIFS, SOKENDAI); GARFIAS-DAVALOS Diego (SOKENDAI)
E-mail: narushima.yoshiro@nifs.ac.jp

1. Introduction

Our research is focused on the application of High-Temperature
Superconducting (HTS) conductors to magnets within nuclear
fusion reactors. Tape-shaped REBCO conductor exhibits
flexibility in the plane direction, yet display limited bendability in
the edge direction. Consequently, when constructing a three-
dimensional magnet using a conductor that is simply stacked with
tape, there exists a constraint due to the limited degree of freedom
in the tape’s bending direction. In this study, we explore the
quantitative evaluation and minimization of edge distortion in
three-dimensional winding magnets using simply stacked REBCO
conductors. This investigation is conducted with the application of
WISE conductors [1], which are classified as simply stacked
conductors.

2. Edge Distortion of Single Tape Conductor

Consider the scenario in which a singular tape conductor is
configured to circulate in the toroidal direction within a three-
dimensional structure, as shown in Fig. 1. The edgewise strain,
both prior to and after the optimization process (with and without
the twisting of the tape), is demonstrated in Fig. 2(a). The
optimization procedure, which is fundamentally based on the
principle of least action, implements an iterative process that
mitigates a particular Fourier amplitude of the edge strain. It can be
observed that the edgewise strain, initially quantified at 0.65%
before optimization, is almost eliminated through the optimization
process. Furthermore, it has been found that the maximum twist
angle achieved through optimization is 20 degrees, as shown in

Fig. 2(b) [2].

3. Distortion of Stacked Tape Conductor

In practical magnet applications, it is imperative to augment
current density by stacking tapes. Consequently, we conducted
calculations to ascertain whether it is feasible to reduce the
edgewise strain due to twisting, without causing interference
between adjacent tapes, even within a stacked structure. Our
findings revealed that the maximum twist angle remains a constant
20 degrees, irrespective of the distance ‘@’ in the stacking direction,
as shown in Fig. 3. This suggests that there is no interference
between adjacent tapes within a stacked structure, and the
characteristic of reduced edgewise strain exhibited by a single tape
is preserved.

4. Conclusion

Our findings indicate that by winding simply stacked REBCO
tapes into three-dimensional windings prior to impregnation, it is
possible to reduce edge distortion through spontaneous twisting.
This characteristic can be fully leveraged with WISE conductors
and has the potential to be applied to other simply stacked
conductors, provided that impregnation can be performed post-
winding.

This research was conducted with the budget of the Institute for
Fusion Science No. 10201010ASU014 and 3520001482.
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I and microstructure of JA-DEMO candidate reinforced Nb3Sn wires under
crossover contact stress
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Th b, HTHIZ T 4 T A > MESEP L S, #
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[2] Banno et al. IEEE TAS, v30, 2020, 6000705

Sketch of crossover contact in CICC
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Dummy wire

Fig.1. Schematic view of Ic measurement set—up under crossover
contact stress in magnetic field.
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Fig.2. Normalized Z as a function of contact stress of (a) Furukawa
bronze-route Nbs;Sn and (b) Kobe DT method NbsSn strands.
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Strain—Ic characteristics of MgB, wires on various cross—sectional composition ratio and
evaluation temperature.
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Monel

Fig.1 Cross—sections of MgB, wires.

Table 1 Specifications of MgB, wires.

Wire (A) Wire (B) Wire (C)
Diameter 1.5 mm 1.16 mm 0.31 mm
MgB> 24% 31% 8%
Fe 37% 33% -
Monel 18% 36% 47%
Cu 21% - -
Nb - - 11%
Cu-10%Ni - - 34%

Annealing  600°C, 12hr  600°C, 24hr  600°C,12hr

1.5

o
cnbn S BB
N% 1 ==a 8-6- b ~
= \ \ N
~ Al DE~ - 8
0.5 A H o
. - Wire(C)
Wire(A) Wire(B)
0
0.0 0.2 0.4 0.6 0.8 1.0

Applied strain at room temperature (%)
Fig.2 Strain tolerances applied at room temperature.

12
1
208
Z06
~0.4
0.2

0

Wire(B)

0.0 0.2 0.4 0.6 0.8 1.0
Applied strain at 4.2 K (%)

Fig.3 Strain tolerances applied at 4.2 K.
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Experimental study of coupling loss characteristics of MgB2 multifilament wires
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Table 1. Specifications of MgB. wires.
MgB2/Nb/Cu30Ni/Cu30Zn 14.9/28.1/28.3/28.7

Length of wire 100 mm
Twist pitch Lp 10 mm / 30 mm
Radius of strand rs 0.24 mm
Radius of central core rc 68.5 pm
Radius of bundle region Iy 0.203 mm
Number of filaments n¢ 54
Radius of filament r¢ 12.5 ym
Thickness of NDb barrier tny 9 um
Number of strands ns 19
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Fig. 1 Coupling time constant z. and geometry factor per strand
Ac’/ns of MgB2 wires whose twist pitches are 10 mm and

30 mm are plotted against temperature.

Table 2. Ratio of 7z and Ac’/ns at around 20 K and at 4 2K.

Sample T Ac/ns
Lp =10 mm 1.70 1.85
Lp =30 mm 1.72 1.87
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Development of the ultrafine PIT processed MgB, wires and flexible cables
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Fig. 1. MgB; ultrafine superconducting wire 15 microns in
diameter.
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Development of premixed IMD MgB, wire using a data—driven approach

AR B A BOLINIMS); IR

WA BAGR (R TK)

MATSUMOTO Akiyoshi, ISHI Akimitsu (NIMS); KAWASAKI Rei, YAMAMOTO Akiyasu(TUAT)
E-mail: matsumoto.akiyoshi@nims.go.jp

1. [ZC®HIZ

FexiI7 oA T x~T 47 A (P) 2R H LI BRE
A OB B L T D[, BRIV CUE, 5T
HBARE YV R R DM ML IS RACICRE 2 B 228235
EO—o>ThD, TORERER DD, B ER 7 ok
ZNZBWTILLDRTA=INFIEL, DA RKIRIRE
S DI R R R B TR BRI TIZ 2 DI A L T
WAZENZEIT DD, T, — 5T, MBS OGRS & s D
BTG EREITH ETHIKNE LD — AR5,
DI FIZBW T, B (b DR A | BRI
BRAEATHZENEE RS oHY, T —X &I F LIZAFgEN
At I o TLB, EDO—H LT MgB, #44 O B S 12
DRLA TUWA, 4[], MgBy #-8 O 7= 72 fERL IR A BT L |
T OEGEAL DT DAL R A LT 1% O T2 BVILER 4
BREATST-OTHRET S,

2. RE&

TV I AN~ 7 AT APEHC(IMD) i MgB. #4640
VERLD 7212 Pl 2T (B G IE OB EATH, 713
27 A IMD EDOVERLT 113 Fig.1 (RUTZ, AME 6 mm, NFE
4 mm Ok —AEHEL, ZOHOLENIZERS 2 mm O Mg 4
RN B, D%, 8347 L Mg BEOBIZ B+ x%MgB, D
BEWmAREFETS, SEllExx 0. 10, 30 L7 bR
IERERER— Ay b —T —F AR X ARETH
BIEANLATTV, BfOAR 0.8 mm O A ERILT-, 1564
TR RITIN T U=, Pl 2 AW - b oE R %
179, WHESN=T —# v abiiz, AHbiIck> TS
NI Rl e OVl 4R b 7 175 5 BOXVIA[2]% VY
TR R REEITY, RIT P EL TRBEERDNRNTA—Z =
MR | & U CELER SR ~hold LEVLERIEE 75, D 2 O
DFF A Nz, BB OFUEHEM I 4.2 K ST T
R EANEL ., FMM L7, AL 4.2 K, 7 T O
o ELT RMEPELNAIITRERET),

3. R

IMD IR E — (o F a2 —T RN TEWERE
MBEEZALTBY, INETHLELOMRERERINTET
W5, AiflElL Bz 1X 0%MgBy A4, D FVITAERD IMD 1E#7
MR T P ZHWCRELEITOEEBITER TIETET
IR TR R ZEM & IR T 127 — 2 DBUG N T&T=, Alalik
Ly A IMD IEDOFHERFIEI T L CRERIZ PLFEE A
Wik bR B, 1 DOF =208 HIUT, TORDE
RIEEMEREL AT OB — e _A XL TR TH D,
—J7 ., Fax OFETITERDRIOTD, 1[40 5 5D
BEEITO TNE OB T B R 2 T o721
SHICH|BEERB TNy T U T LIV L5 L
7o

Fig.2 I BOXVIA & FW o i SRR IZ Lo TR B LT,
EILPRIR FE LR O 2 IRGTERNCEIT D L i E R L C0D,
FESDFRITAALICIITD 4 5] HORE S THD, 3 [MFET
DMEEAT ST FE RN P ERO 2RIt~y T BIO TR 3 %k
TV TN, TNHOFERNOITEHAICIB T L O
I RER AR o TNAZ N5, @i IMD
(KRR 0%) CIFEMLBRIFRE DN FEIR T 700°CIE Iz

Drawing

=~

Fig.1 Manufacturing process of premix IMD MgB, wires

Tonax [C] t-hold [min] Teax [*C] t=hold [min] Tisax [*C] t-hold [min]
W 700 Al T 680 360 T 660 2880
@ 670 120 @ 670 3000 @ 640 2940
@ 750 2520 @ 640 1500 @ 640 2880
@ 800 0 @ 40 60 @ 660 3000
& 550 1320 5 820 2220 & 740 1500

" s g [C) W0

A% 30%

Fig.2 Proposal points by Bayesian optimization and
2D/3D heatmaps of J. on 7hax and Zho

TIRKEDBFELNTND, —F, FLAL 10% Tl KA 0%
HREFIC THDN, 5 2 B — 8 E U TR R 2L
HTHLELNTWDIENDND, SHITHLK 30% T RER
VLB FEIE CRRMEIT RO T, BRI EVLERIZ W T
RIEESNB LR DT,

4. 158

AFZETIE T LIy 7 ZAIMD-MgBo b ESL 11238 T
PIA-3 F U7z, A R {2 BVILER IR E L RER I DT
AXEHEAGIZ L > TR O EBRIE R ZAT VRN OReE R _E% B
WL, SEmdE bz >7-PHZ X > TP L2 WS To
i b E o s a2 R 2 e kT,

SE Xk

[1] A. Matsumoto, et al.: Abstracts of CS] Conference, Vol.
102 (2021) p.6

[2] A. Ishii, et al.: SoftwareX 18(2022), 101019.
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Superconducting properties of MgB, bulks prepared from mixed B reagent

Ak E, il ZE, BN EA, ok BHI, Tl E— (FFR); RA fhth, B B, Al SR G —ER)

IWASAKI Hibiki,

SHIBASAKI Sou, SEKIGUCHI Naoki, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.);

SUEMOTO Yuya, AKIIKE Ryo, MESUDA Masami (Tosoh Corporation)
E-mail: ¢5623056@aoyama.jp

1. #%8

MgB: 1348 RABIRER D P TR DI FEE Te~39 K
H L AL E CTRRNR G . D> O FUEDS Fil i) 22
i THDHIEND, ZIRAVT A7) — OB ANZLD
10-20 K AT CORARHIFSIL TS, LnL, MgB: 1354
LOBRELDICEE R EBIREE Jo DRI T 50 EN
HY, TNDUE TEIULER & 0 R HE MR 72 8 JAFE/2
T AIREIC 72D, MgBa MBI DREIE  J. D EIZIE MgB2 D
TR =0 TR —THDRR I E OB EAL NG 72
et o—>THD, MgB: IE B DRIT-PIZ Mg MMIEEd 52
LI THERTBHZENS, k2D B MRS S
RIEED/NSWNEDTHDIEE M7 MgB) fs RN AR LT
URIRBE DA LT AZENRBESNTWBIL LrL, 20
$57 BB RILEMTHOM ERE K OFEEIZ/R>TWD, 2
TARMZETIE, Y — - CHZEEHR O B JRUEHZ W, &R
BRI E A 95 MgB. SV OfERLE Hig LT, Fi2, 1Y
—RRT FITRENIEF (NS NZE D, HIRER TS
ZEAMCHERRTRI AR D RZ\ B LHY —8 B OIRAS B R4 H
Uz MgB2 7SIV DA BT ST,

2. RERAE

MgB, Zitih L7 OERNZIE MgB: ¥y R(Z Vw2
e B RNV TR R ~48um b LT
—HEH | RIR~100nm) DIR A B AR IZHNE S Mg #3 A (100#)
EYLERES WD Premix PICT $RikiEE AV =, ARBFZECHWE
Y — B B I7 VT FAEERL B LTRSS, IR SR
BN REL, Al Mn 2 ERBEO& B R E & A THD, &
BHERIOBIZIZI Mg : B: MgBa=12:2:1 DFE/NLHERDE
ITENTNOFE KEFMEL, SUS316 FIZE AL ~1.5
GPa OHF—Hlh~7 L A& ML , SHICAFEEEENT, 800°C,
24 h BERKLT=, Premix L7z MgBa i3 7 /L F ORHIK TH D,
R O[] E 1S XRD [BIHTHIE , Mok IL SEM BlgZ,
R AEEREA T SQUID Mé s #H4 F =B LI 2 KV REAT
L7z, Jo 13 E AT U ZAEDSHE5E Bean £5 V& W T
B,

3 HEREER

Fig. 1 IZ7 NV FHE B DHa HWTZREI LIRS B iR
Z W THERLL 72 MgBo 7SV DRFEE T O — IR EF 145~ L
7o BIBRORENWT N F BB OBz W 3E CliEmE
IZZEBEBFIEL WD DIZKIL, B —H B % 30%IR&L7-
B CIXZE R D D72\ R T R A TE R L TODZ &M DD
B ZIUE, AT B SR D MgBa i b D ZERR A D 5
JOITHE Yy —H B HkD MgB: S FEL TV 72E
£ 255, Fig2 |2 MgB2 7LD 15 KBTS J. DR
EAFEMEAE TR, TV FRBOA, b LUTR Y —HB DH%E
FAWZRE L L TRA B MiRE AW EH B S
B LBITE W Jo BR LT, ZHUTR ik e A 452k
WD B SADEEMNE R B E O EIZE2b 0 ThDHE
Ezob, BETIE, By —H B ORALEEL BHIICE
ZTREMRERAOCTERLZRESC, A eEBEa &
DR AE AT HY — 5 B &AW THERLIL 7= 3B O fchi#E
ik LB MOV TH G5,

Z& 30k
[17Y. Katsura et al., J. Phys.: Conf. Ser. 43 (2006) 119-122

Fig.1 Premix PICT #5HiE TERIL 72 MgBa 7SV 27 OB B 1 —
WEE, BIREHa)7 VTR B, (b)7 /Ly Tl 5
—RORA B KR

10 ¢ - T T T
i Premix-PICT-Diffusion
MgB, bulks
106 800°C, 24 h, 1.5 GPa_

Mg:B:MgB,=12:2:1]

—&— Furuuchi B
—O— Tosch B
3l —{— Tosoh B : FuruuchiB=3:7

- 15K i ]
102 L |

2 3 4
HHIT

Fig2 ik BEEN #Y—H B BIUOZDRE BARLIIE
#L7= Premix PICT $E#tE MgB2 /L2 15 K IZBITD J.
DWESHATE
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Synthesis of MgB, polycrystalline bulks starting from B-rich MgB, powder with controlled B

composition

BI N A, 2R 28, AR B, ok BRI Tl E— (FHFER)
SEKIGUCHI Naoki, SHIBASAKI Sou, IWASAKI Hibiki, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: ¢5622071@aoyama.jp

1. #5

MgB: 134 B RIBIREAR DR Th D Te ~39 KA H L.
(LM ZETE | A RS LB 5 CRIFE O FE BTN T
LIREMEHE LU COREFEFRD, MM AN LD R
FH MRI W60 0 i K B BN LD 6B — T NI E ~ DI
ARHIEEN TS, LAl Ha & Hir 2N LERIIEL , Je H3E
B CAMIIR T 328280 IS ATREZR IR | RG34 1t
NHIBENTWD, Br = Z—THHR RO & B E
{LIIRES P ER S BRI O B e B e gt D — > ThD,
— I R O AL DO EBUTIL, R D/NSVy BB
ERWAZENHEHITHLN, mMiED B JFUBHIRI R/

SNVEEFLL MRV Bl a AN & @D DR Ee D, iz,

ELEEAL, mE LD J. OUCERICEELIRHCHY, 2T
¥ MgB: & B ORABHEIC Mg ZHEHSETRIESES
Premix-PICT JEBIERNELITHD, Frx 1TaiE], RO
22N Pavezyum L B #yRAHWT, SRR O/NE 0
MgB: ffh % & LRl B R KA FERL, 2hZ2H 0T
Premix-PICT #LHUEIZIVFRILT: MgB2 25 iAD3 | hifk
DK EV Furuuchi #-8 B ¥y K% FW-CERLL 7230 L BE45
FCO I BENZEZ A LB, SHIZHTEA MgB, JFEko
R 00 % B B LB SOl b4 gD TF
D, SENTEE B OE|IAZSHICHRLT LT MgB3(MgB2+1)
ATERA R ZERIL , Zha VT MgBa SV 7 & RRLL T,

2. RERAE

AR TS B iaHl MgB ¥R I in-situ $5ICXDERLL
7. Mg(#100)& B(Pavezyum 84, Kifé~300 nm)% Mg : B =
1:25 F-3 13 OFJAVETRALEZbODEZZENRTH
SUS316 HIZFHL , AREFENT 650°C, 12 h Fioix
850°C, 3 h BERKL 7=, MgB: ZiEdb iR D & L. RTBEIAH AR
NELRFIIG B IZHLT Mg ZHEHESHE MgB, £15%
Premix-PICT $E#ETITo72, BAIRIIZIZ, —WE 7L AL
72 SUS316 &2 Mg(#100), MgB2s ¥y K, Mg(hifE 1 mm)?D
JEIZFHEL . b9 — A 7L AL TH U2, ~2 GPa D& £ —
L Rem— VIFIEEfE LT, B —dl L A% D SUS316
BIABDOFRENES dr1d~1.03 mm THY, v—/LEIECLY,
FBHEE d, & 5 VO FUEFC~0.85 mm £ T TL-, Bbh
ToRUB ORI AR L SEM, B{RE R EIL SQUID B
FOTZBHAE R EICZF L7, de 1TRALEART VS ZAD I
SIEAE Bean B VAW TEH L,

3. HBRLER

Fig. 112 850°C, 3 h ORER CIERLL 7= AllBE AR K2 IV
C. Premix-PICT $i£#%75C 800°C, 3 h OEVLELZ LY Mg %
PSR 20 K ITERITD I — H ##EER7, 8% B
DEIEZILT ZE TR T CTO I AMEL 257283, 4 THH
ETO ) BT 5L m <o TOBEIIIZH T, Ziu,
BRI ENEL 2> TWBIDEEE 2 5N 5, Fig. 2 I[ZBERR
Stk D BT B i ER AN KA VT Premix-PICT $EHIE T
800°C, 3 h DEMLIRIZ LY Mg Z LS 750k 20 K I23
35 Je — HFEPEE R, BIBR A RO BERGREZ XL T,
FER Bk AL TR T TO Je MEL 72 o7, 2O
B, ARV EEE TOBERR CIXRTERAK) K ORI I 72

D, TV AL DB ek A T B UNZ L Te o T Te D 5 FE S
&<, MgB2 #E B OFE B NI o T fed EE Z TN,

MH T, e B SRE TERIL - Pavezyum 1 B ¥
KERIBEARFRIE LT MgB2 7NV DI DN TS
2o

SEXH

[17Y. Katsura et al., J. Phys.: Conf. Ser. 43 (2006) 119-122.

[2] 1. Iwayama et al., Physica C 460-462 (2007) 581-582.

[3] N. Sekiguchi et al., Abstract of CSSJ Meeting 105 (2023) 122.

10° : : : :
MgB, bulks
800°C, 3 h
10° L i
o
5
10* | i
<
‘“*D —4— without flat rolling
~ —%— d ~0.90 mm
5| —a— d ~0.85 mm 3
10° L {3 ]
open : using MgB, ; precursor "\
closed : using MgB, precursor <
20K 3
10 , . , S\ %
0 1 2 3 4 5

toH I T

Fig. 1 Jec -H curves at 20 K of MgB: bulks prepared by
Premix-PICT-Diffusion method sintering at 850°C for 3 h
using B-rich precursors.

MgB, bulks
MgB,:B=1:0.5 ]

e F —e— without flat rolling .
= [ —»— d ~0.90 mm
3 [—— d ~0.85 mm
107 b
[ open: I'\.n1gB25 sintered at 850°C, 3 h
[ closed : MgB, ; sintered at 650°C, 12 h

F20K
10? \ | \
0 1 2 3 4 ]

HIT

Fig. 2 Jc -H curves at 20 K of MgB: bulks synthesized by
Premix-PICT-Diffusion method using B-rich precursor
(MgBz.s) prepared under different calcination conditions.
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Research and development of liquid hydrogen level sensor
using superconducting MgB, wires

R AF, ®A E, §ill —5 AR @A £, @i 57 (UAERRES

OSHIMA Toma, TAKADA Minoru, MAEKAWA Kazuma (Kobe Univ.);
FUKUMOTO Shoichi, TAKADA Yoshihiro (Yamamoto Electric Works)
E-mail:227w601w@cloud.kobe—u.jp

1. [XCHIC

LA REHC IR F IZEDD 7)) — 7 2 X — L L,
TEKRENERSN TS, KEBT LT —HHEFEHDO-
DITIIAKFEZ REICHE IR T20ERHY , ZHITER
IRIKRFZE D005y D 1DIEFEE 72 AR KSR @B 20 K)ASEL
TW5, LINUEBITE, IEKEHIZBZ S NiRim e —
AT, PR ECIGEEICEN KT — 23K
OHNTND, EZTHE L X, BEEMgB( _Avfb~r 1
T AR —I23E H U, S LA BB ERT O 1
AT IR E R — o & e b Ic B3 AT
FEBRRE AT CEIZOTHETD,
2. EBIzEMeB,RE Y —

HRIREMgB iR £ —DFEIL, LLFO@YTHD, ik
1RIK F H OMgBARM I TR IR HE L 72V B RIR P BRI
725, — 5T IRE LY EENTEARER B O 7o DOAE B OIHT
EZ2RT, Lo THRm D ESIZ LB — 2RO UE A
ZAL L REALE ORNE N FREL 72D, WK F B —E LT
RGBT <7202, IR B _E THESO SRR e
BEAEIRABICS 7 R LRI IR 5T MeBofibt DR zE
BRI E TLONIRAA K B 17 TUE by, =D
W11, MgBobt D T FIF D72 Kk 4 72551 TMeB,
A EERL | 2 OBIGRERMEERIELT, ZOHC, Ry
FORIBREIEZ THERLT-MgB.#ib O TLHME T 3587123
BHoTn, T TARMIETIL, & 7RI DAY 32 TMeBo ikt
VERIL, TOME N 35 EREZR D&,
3. MeB iR 1EBLEZ DB I B 5 BR

AWFFECHERLL 7= MgB#bf DR EVERIZ: % Table 1
\ZRT, #A 1T Powder—in—tube JETIERIL., 1 mm AR,
et em (ZHRRLZ, BULEE 1 EFRT - 600 CTiT72-
72 T T2 OUMMELT SIC ZRMLTZ, v —A
MIZIEL Cu-Ni &7 &ML, SHIZHFMATERL
TR DD 30 mm DT a—h T AL, B EEr
MR ZAT o7, % Fig.l 1[ORT, i RLVRYFEDKL
BN T BE KFLCNDEEZLND, IBIERW T
33.57T K Th-o7,
4. FIE 7RI E EXRDXER EIHT) 3K ER

AR F ORI DA VE  Z AT T B O ZE AT~
7o | ARWFFE TR VERUCAE FA L7278 38 ORLEE 73 A1 il 7E
EVERLL 7864 DO XRD(XHRIE ) 3RBR A AT > 7 RLEE /3 Ai
EDFERA Table 2 (R, YK RO K/ NEARITEEA
P A—H—DFLHEHIEY ThH o7, EOEL Fe#E S EEEL <
W=, XRDFRBROFE A Fig.2 (7T, ¥ — A D Cu %
Ni 72EDOEWIEHEN SiIC ° B REDBEW RO —I L
HRD, AL ELLFRE T A RITHELIRD 57203,
Fig.2 IZRALNAIITE—TDiE NN RS,
5. FEHESHDRRE

EBIEVY 70 1% 33.57 K Tho7278, LIk K IR E 1
W 7o B FED MgBo # 2 E L 2 0850385, AR SR DRIFE
& MgB, B8 ORBIE R E D BIR DOFEME TR DBT=0 , B FE
S ATAIER XRD BERE 5 | Efe & E a3 2, R AR R &S
REMERT D720 EABIREEE | EEEORY FEORFE
T W CHD, Eio, WIRKFZED LRI TIEEUS 12D,

A DG T D, LS, MgBy #64 D J1 2B K HE I T B 57
IZETVRWD T, MgBo B IZBIK B 13RI J1 &2 D RS
B D BRIZ DUV TR D B3 5 D,

Table 1 Composition and fabrication conditions.
Series A B C | D E F
Boron particle size 0711010144 40 | 40
[ um]
Additive SiC
amount [ %]

Heat treatment temp
[°C] and time [h]

0.5

10

600 and 1

04

03 f

02 F

0.1 f

0 F

Resistance per unit length (€/m)

-0.1 L
25 30 35 40 45
Temperature (K)
Fig.1 Relationship between resistances per unit length
and temperature of the 20-mm-long MgB, wires.

Table 2 Measurement results of particle size distribution.

Series A B C D
Boron particle size 0.7 Lo " "
[ nm]
Experimental result 1512 | 1633 | 2.668 | 6.098
[ nm]
Standatid deviation 0.356 | 0.391 0.4 0548
pm]
2 soeom s ‘:Lh 1 D
§ SN S M »/J;U‘\ 7Ny T SO I /‘\E,
}: 20+004; | C
é i {iz | ‘\ A
e I JL%—QJ" ’\J‘%»—J\\ A A—A_«,/\A__AE
= ‘rl (WY
"Lu.,l oA 53 F
20 (deg)
Fig.2 XRD test results.
SE 3R

1. S. Fukumoto et al.: Abstracts of CSS] Conference, Vol.
100 (2020) p.48
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Development of advanced hydrogen liquefaction system by using magnetic
refrigeration technology for JST-MIRAI large-scale project - status of stage 2
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NUMAZAWA Takenori, KAMIYA Koji, NATSUME Kyohei, SAITO Akiko, TAKEDA Yoshihiko, KITAZAWA Hideaki,
SHIMIZU Tadashi, NISHIMIYA Nobuyuki (NIMS) ; MATSUMOTO Koichi (Kanazawa University)
E-mail: Numazawa.takenori@nims.go.jp

1. FUsIC

IKEHAD 1/800 DEKE%E b DWARKEE 1F % B 2 il
% WP TH B Z EDLLHMSNT WS, KEL
FVF —DORNEFNI R FED A7 & TR L EIRED 3L
BhrodbMAEEELZoNTED ., —Hd FBuEHLIERK
DHNTWV 5, AFERFE I ETERRERGS MRS X
VERRBERSHYT L 7 VOBFIC L b EFRKER
LA kEX T RA VA 72 HIFL 72/ - BESH
RV HE L, BOEICB T 3 KkE-ESDOFEBEZ K
EMESF B EZHNEL T3S,

2. 7A3¥ 1V hDEPE
AHFZEBAFEIZ. 2018 4D S JST R LANEHES -
KB 7 vy = 7 b ERR BB & U CEfrhe
H 5[], 2 2T BAIERRAGHEME a7 £ LT,
2ODEIFR (POC) 2H/EL TV 5,
- POCI : #ifbzh® 50%. #Wfkiz 100kg/day DL k%

FHT 5 - KELE IR B LR

POC2 : fitkFEX v R"A VA4 7% Hfs L 7/ -

BB R
% POC OFEHR~ A WA F—I2oWTFig. 11T/ L
oo R70Y 27 P CREZINT LSRRI 10 £
T, AT =Y 1 BB, 27— 2 R FEALHFE.
25— 3HEEDKET SV FTDOHEIFE LD 3 AT —
ChoRINZ BEIZAT—Y 2D 24 HIcH -5,
INFEFTOVL DD R % Fig2 L Fig.3IcF L&z,
T2 A BT ek DGRBS R 2 KR ER 3
HoB, % Er-Co R R & 4, BEHIE L 72k
WM TEAM BT CH 5, FEHETIEE 10kg A —5—D
BETEM RIS & 722 2 728, KIEAEFEEMTOBF b fTd
NTV3, BRAHS AT LTIE 2 2070 ¥4 7D
BHFEDMEST LT\ %, POCI T REUL%Z B LiEEE
W2 U7 BN BRE RS Eibg, POC2 T/l
Rl Z B LUARARG 26/ L 7 [niE 2R i ©
H5, TTIOKRRILOBEFESI NTE D (2], BifE, mfl
HaEola Ex Hig L 2B ThbITnw b,

3. F&H

R7vY z 7 Mg, T, LERHTE. MBS,
EoIA Y7 S5DBMETEAN—TBEEBEOE, K
. REOBMWE RN ETHTH S, TR
YA ATV =T —FEFH L AKERE ST v
MZBWT, BILFEAZAALTFTETH S, £/, ik
BASEEZHE L A= R 2 7 ORE S TRFEEZ
A AW OB biED s N T3,

AWFFEIE, IST ARKALSANE HIEFHTHIA KA B
(JPMIMII8A3NIZ & > THMEI LT 5,

[Foc [ Twger | roaures | ciency | capaory | —vignot | vatoris |

1 Liquefaction High efficiency FOM>0.5 100kg/day —Superconducting ~ Optimize at
Large capacity > 4T high fields

2 Re- Compact %Carnot 20W@20K Permanent Optimize at
condensation  Low power >15% ~1T low fields

POC1 poc2
L GM Retrigerator
{ Jl LG 5 |
- b d [ aok~a00k
vl | e eavton LA
ﬁi P Setrigermer || H
g = ,
L :
ol ’ Perimss  20K~30K

Magneex Retrgeratce

+ Extend to ton/day
+ Turbo-Brayton pre-cooling
+ LN2 pre-cooling

‘ Stage 1 (1~4yrs) }‘ Stage 2 (5~7yrs) )‘ Stage 3 (8~10yrs) >

Key Components Prototype Model Engineering Model

POC 1 Liquefaction by AMR >40% efficiency 50% efficiency
cycle 10~50kg/day 100kg/day
4 driving AMR cycle at 10%Carnot
poc2 [ 20K ~10W@20K

Fig. 1 Details of POC1 and POC2

+ Compact, light weight
- 1stage MR
- GM pre-cooling

15%Carnot
15W@20K

Fig. 2 Magnetocaloric effects (left: HoB,, right: Er-Co)

Fig. 3 Prototypes (left: POCI, right: POC2)

SE R

1. www.jst.go.jp/mirai/jp/uploads/saitaku2018/JPMJ
MI18A3_nishimiya.pd

2. Koji Kamiya, et al., Applied Physics Express, 15(5)
053001 (2022)
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Fig.1 XRD pattern of HoB; sample
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Fig. 1 Principle of method for reducing actuator load by
springs in AMR is shown. Springs assist the actuator
pulling the magnetic materials at the position (a) to (b) and
stopping them at the position (c) and (d).

Fig. 2 One-cycle work of the actuator as a function of
the spring constant in AMR.

SEXH

1. K. Kamiya, et al.: Appl. Phys. Express 15 053001(2022)

106 20234 AL T - MEEY R



2C-a04

IR AL RS o

REENM B A XSS EAMRIZE T HK R EMREE BB DR FE
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Fig. 1 Schematic diagram of heat flow in AMR

Fig. 2 Hampson heat exchanger model
(The shell was made transparent.)
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Fig.3 Calculation results of heat flux by heat exchanger
geometry
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Fig. 1 Schematic diagram of bellows type cryogenic pump.
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Fig. 1. Schematic diagram of the experimental set-up for in-
phase operation by two GM cold heads and one compressor.
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Fig. 1 Structure of Pulse Tube Cryocooler
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Fig. 2 Orifice valve opening and Temperature
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Summer Seminar for Cryogenic Technology 2023 — Temperature measurement —
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Fig. 1 Structure of Pulse Tube Cryocooler.
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Table. 1 Pulse tube type and reached temperature.

Platinum Resistor Thermo

Date Generation (Pt1000) [K] couple [K] ATIK]
Day3 1st(Basic) 186.98 195.65 8.67
Day3 2nd(Orifice) 90.04 110.75 20.71
Day3 3rd(Doubleinlet) 62.64 90.95 28.31
Day4  3rd(Doubleinlet) 60.64 61.95 1.31
Day5 3rd(Doubleinlet) 56.67 57.95 1.28
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Fig. 2 Cooling capacity of pulse tube cryocooler.
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Summer Seminar for Cryogenic Technology 2023 — Effect of Material Properties of Regenerator —
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Fig.1 Regenerator Configurations

Fig.2 Reached Temperature (SUS316)

Fig.3 Reached Temperature (SUS316+Phosphor Bronze)
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Fig.1 Answers to the question ”“Did your curiosity and

inquisitiveness increase?” (on a 5—point scale)
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Fig.2 Results of text mining analysis of free descriptions

In this method, words with high frequency are selected and
shown in sizes according to their values, and the difference in
color indicates the type of part of speech.

4. FE0H

WIERE AR B B RZ T AL OFEF YD DR
RO T o —MEREROICER L. T — o
s, MIFFSNABEDENEOLILTNDIINIE X TIN5,
LSUIRDD, BENBLLAERO I DMELHY, X
0 —JEOFEF NN ETHDLEHREHR L.

S& Xk

1. [ ERRL R O Sl A8/ B 0E D
https://www.ous.ac.jp/outline/vision/be/ (=M 2023~
10-26)

2. Y. Inagaki, et al.: Abstracts of JSEE Conference Vol. 70
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Bl i, ABRE TR, MR R, BT S (ERT (K)
AKIYAMA Yuki, KUBOTA Yuji, KOBAYASHI Takuya, HOSHIKAWA Hiroaki (Sumitomo Chemical. Co., LTD.)

E-mail: akiyamay4@sc.sumitomo—chem.co.jp

1. [EZC®HIZ

FEE 99.999% (5N) ~99.9999% (6N) D EfilliE 7 /LI =17 L
IHRIR N COBER MG ICEN . BEE~ 7 Ry M
NEDBREM SRR ELTHOWOND, EfET A=
U AEAROFHAN T —HE N ETHE L TEN, #5 (R
RRVIEDE) OB 2WME TP, I T, TIG
REEOEREAMEZRAEL, BRBERHMEOREBLO
BRERE DB 8T T,

2. ERAE

FHEE 99.999%D 7 LI =m7 1 (5N-Al) DJEFEH (JEE 0.5 mm
~3 mm) IZxFLC, 430°CIZTHESLL . FEAF LU TElBRIZHEL
7= B DFEREHLHTEL (DL T RRR : Residual Resistivity Ratio.
(=ZIRHHEHL/4.2K FLHRHT) ) 13 4000~6500 Toh -7z,

R EI LA TIG B, L— Y — 8z, 3 1L (RTLEEZR
L., @AYFHTLE) U CEAMZRELT, TIG EHEB LIV
L — W — IR T, WD L2 Lo 2 T CRIELTZ, IR
BEHRIZIE N MM OEME 7 AR =0 DM 2 LT,

T, BAYFAERTIL, B OB BIEER & D 7= Fai
IZNIPAY X455 1EE B ICE#E S AT 55 (F AL
TG A0) O 2 FEEEERIEL,

ZHEEHTKR L, BES M EREE 100 mm (T TEIRE
42K IZBIT DB ERFEZ RN EL . RRRICTEH L=,

2. RRR O AIEHER

fEEA Fig.l 1o, 7035, A A RRR DR/ A8 50 5N-
Al W72 | D728 38 D RRR A% 5000 1Z4i985
\CHRE LT,

5N-Al 410 RRR 5000 (ZKFL ., A2 LO TIG ¥ #,
L —P—¥82 Tl RRR 4300 LLETHY, B4 EIZIE % (8
F~9 F) DRIBBERZE AR DI M 3D o7z, TIG
TREEMIE O SEM 122 [1] Tld. ML mRIET A
STVDRFRRBO LIV, HEEERIZIIT D ERFFEDIK T &
IThENWEE 2 HND, Fio, A EIOREFAN CIXEERDHY
FOEREEREIR LA A RRR 2R LTz, IR O AR A7
EORBEBRBZBND,

F- A2V IEHOARTIE RRR 10 LAT &R L0 KK
TFLTLEID, BAYFLEDI X TRV IEDHEITHE 4000 F2
FED RV RRR 7R LTz, FEM R OB LALIEO 2% KIE
IR TEHEB 2 DD, LA EED RV IED DA T4 A
IRBHEHES ZBND,

7o, AR R EEEE 100 mm THY, EREHAND
G o TG I LD R BRI B N &< A2 D,

B#1:5N-Al R [
Ly sl [ 300
T FEAES) N 2200
n kL I 1500
B s SRR 2000

T 5000

Pt AV
KXV IEHDOBLTIE 0 2000 4000 6000
RRR=10 RRR

Fig.1 Measured residual resistivity ratio for bonded 5N-Al

specimens.
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Prototype test of a thin—metal-sheet—assembled type heat switch
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Fig.1 Assembly heat switch
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About 4 times~About 5 times

Conductance(W/K)

Temperature of inside the switch (K)

¥ Cutout heat switch,ON
# Assembly heat switch,ON € Assembly heat switch, OFF

Fig.2 Graph of ON/OFF ratio of assembly heat switch and
comparison of two type heat switch

« Cutout heat switch,OFF

4. FEH
FERAEFL LY ON/OFF RFCZEN =0T, MO T AE
v T AL T INBUWER[BE CTHA LA MR TE T, FT2.

Alﬁli?ﬂx4/%z§:ﬂﬁﬁ“ét WD 77 EAER
BEAFERALZOT, JERO G ARRE 2 AET T

FOPEREDS s iBbig,

SE 30
L. FRPE, GRS TG ARAETE . I FRIEE, Bafn=s,
MREH AR EE <~ 7 % FOK K EIRAA T LA
vF | RIETS 34 & 55 P230 (1999)
2. ?Wi%ﬁﬂ AR, Zdh . HIATS K, Peter SHIRRON,
I B T AV R v R | IRIRL %% 50 & 2 5 96P
(2015)

5510600 20234F BERK IR 125

A
-~



2P-p07

BB - W o

ARETBIRAEN Y AT LD EGAREN

Thermo—fluid analysis of circulation cooling systems
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— 101 —
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Figl. Experimental equipment diagram
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Fig.2 The central temperature of the microheater outer tube
under each condition at a mass flow rate of 0.1 g/s.
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Fig.3 The outlet flow velocity at each rotational speed of the
cryofan.
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The performance of a room—temperature rotary magnetic refrigerator using Cam—Mechanism
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HAMAOKA Ryoma, ABE Yuta, OKAMURA Tetsuji (Tokyo Institute of Technology)
E-mail: hamaoka.r.aa@m.titech.ac.jp
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2SR O /T a A E FEBLT 5700, BB
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EZEEL, 1 SOE) IR CLRROEMEERTT) iR E 4 3
{ELTZ. ZOMEREL I DA ORE A G570 12,
TR AEIZ 51T D AMR s COMREE 2 ORI E FBRAAT 7.

2. EREE

ARFZE T R E OB Z Fig.l 1R$. E5EES
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FT AMR & 7 Ml O KRR E LT
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Fig.2 12 22°C, 30rpm 28 T AMR & 7+ & iR AR 0> Fr
TV HIEER LT A @, mifllE=T LU H I L
725 A ICEBIT D5 7 Nl ORI 2 AR 3. 7ele R
TR I AT R Z T, F7MEEAE (@ TiET =
— T NOKPHERIIRAN2NED, KOEE IR L T
DENTF 2—T7 E S U T A ~BERi L, D Sehhd KT
B AL T, (b) TIXERMIT V& O B HEEB ONLFH D
WAL EZRD 90° TIIALIED TV FITE L TD.
EBLEG IR DAV THINE E A BRIIR B A2 AL,
#1000 B CEFAIRIEIC R 72, -4 7 MRE T @K
2.5°C, F 5.0CLA0, &2 TOLEMITH N TOICEIT DI
BT @INH KEeoT.

5 BREFLD

(@)D DIREE DB, FENREOBENRRED
BN DK ERBEEA B OB 2 DL LITHEE R L T,
Table 1 {@)EMITIITH, FHEHERHIZIBVT AMR ¥ 78

— 102 —

AEB AR EE LI BE A R 3R ThD. Fig.3 I[Z—DD
VB AT (@)D A ORI K277 3. ARSEEREEE T
T VUHNONRRIZESTRKOWIAEITH. T DT Al
s BB LI LA INED, X 7 NNOE TR KD
HEIMAS S RO ) % RIS, B AN vy R OB E) X
B D, I LAY AR By ROMIAIC LS T
F9128, &7 NIIZE AR 2R E L7=(b) 00 75 23N B HH
IR o TWD. [ER LR aoikie ToKBE)FERE T
120 mmTHHIEMND, KOREZRETBRICH XS TEHT20
OHEDO L BN LETHS.

AMR duct

Cold stage

Cam—Mechanism

Fig.1 Photograph of the efq-)erimental equipment for AMR

Fig.2 Temperature distributions as a function of time

Tablel Distance traveled by water in AMR duct

Cam Air cylinder

AMR duct

Spring

Fig.3 Schematic diagram of experiment
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Reduction of background losses in a pick—up coil method
by improving the symmetry of field distributions in the magnet for applying external field
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SE X
1. R. Tomisaki, et al.: Abstract of CSS] Conference, Vol. 99
(2020) p. 37.

2. S. Nagayama, et al.: Abstracts of CSJ] Conference,
Vol. 103 (2022) p.47.

y  Cancel coil =

Pickup coil

Fig. 1 Schematic view of magnet for applying external field.

6.9
® Before correction Corl;ecpiqn coil
OAfter correction ﬂH h ¥
o O = [ z
: o0 [ U.MEU. *****
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Fig. 2 Measured field distributions in the magnet.

Fig. 3 Measured background losses.
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AC Loss Analysis of High Temperature Superconductor Windings Located inside Iron Core Slots
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TEBB LIS ARG RO TIEL R LT, £ Df
B BB AR RS A L — K LT,

FRL ATy NET IV OBAEFEHTRE R O— Bl LT, KRR
KO BAEUEAFER Fig. 2 (R, TR EICITE
BURTEMED RN 2272, 7~ S R R 1222 /R
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Fig. 1 Numerical model of HTS windings located inside iron
core slot.
Table 1 Parameters for numerical analysis.

Strip width, 2a 5 mm
Thickness of SC layer, d 1 pum
Critical current density, J, 2 MA/cm?
Critical current, I, 100 A
Number of stacked strips, N 2,4,6
Gap between strips, g 0.25-0.75 mm
Amplitude of transport current, I, 10-90 A
Frequency, f 30-100 Hz
Width of iron core slot, 2w 4.4 mm
Depth of iron core slot, h 12 mm
Width of opening in iron core slot, 2s 2.4 mm
Depth of opening in iron core slot, b 2 mm
Gap length between iron cores, & 0.5 mm
Pitch of iron core slots, 2p 8.8 mm
10 z :
i B N=6 [ ] : . -
— 10" L * N=4 e
i a N-2 . * .
& . * .
z 10" L LI
s 2 -
8 10'} .
E}:’i ; g 0.5mm,
|[]-‘ /=60 Hz
1
Y

Nomalized current amplitude

Fig. 2 Numerical results of AC losses in HTS windings
located inside iron core slot for different numbers of strips.
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4. C.P.Bean: Phys. Rev. Lett. 8 (1962) 250.
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1 o8 o o] o
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Z 06 -
= » Spiral conductor
0.4
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0.2 L : :
° 77 K, self field
0 &8
0 5 10 15

Diameter [mm]

Fig. 1 Core diameter dependence of /. for REBCO spiral
conductors and flatwise bending test results of REBCO tapes.
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3. FEH

REBCO A/ SAZ/VERO FEBERFTEL T, B HFa 7 &I
XL ARAL, ¢5 mm BREETHINRNZ Lo
FBLZ. ¢4.8 mm DTLF TR EZaTELT, &
{1175 REBCO #iMf ORERZIEINSH, 6 M ETHE RS
(LN LA TR LT, BRI RBRE EMEL, ¢20mm
BEFTHIR N iR LT,

2E Xk
[1]1N. Yanagi et al., J. Cryo. Super. Soc. Jpn., 54 (2019) p.10-22.

(a) 2 tapes x 1 layer ok £

L, Y N e

(b) 2 tapes x 2 layers

(c) 2 tapes % 3 layers

Fig. 2 Appearance of REBCO spiral conductor samples.
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Fig. 4 Bending test results of the 2 tapes X 2 layers REBCO
spiral conductor.
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1. Introduction

To develop a High—Temperature Superconducting (HTS)
large—current cable, twisting and transposition are generally
applied to HTS tapes to obtain a uniform current distribution
and stable operation, especially for AC-operated magnets.
Non-twisting or simple—stacking HTS cable designs have been
explored in NIFS for DC operation, on the contrary [1,2], as it
is possible to make a mechanically robust and
easy—to—manufacture cable.

The higher cryogenic stability of HTS suggests that
simple—stacking configuration may be stable due to the larger
heat capacity of the materials at an operation temperature of
20 K compared to 4 K for Low—Temperature Superconductors
(LTS) [3].

2. Circulation currents in STARS and L-RAISER samples

Experimental results for the 20-kA-class “STARS” [4]
conductor sample under trapezoidal current input, confirm
stable operation on a coil configuration with simple stacking,
even with the presence of inductance difference between tapes,
up to the nominal current of 18 kA with a high ramp rate of 2
kA/s. The “L-RAISER” with 5 HTS tapes for a
simple—stacking cable and a 60% larger inductance than the
STARS conductor can also operate stably up to 2000 A/s.

For both 20-kA-class STARS and L-RAISER experiments,
circulation currents were confirmed by detecting a residual
magnetic field via Hall sensors after the input current had
become zero.

Additionally, the L-RAISER experiment allowed us to
observe the voltage decay in each tape by installing voltage
taps on the superconducting side of each of the five REBCO
tapes used in the experiment, as shown in Fig. 1.

3. Numerical Model

As a follow—up from a straight HTS cable experiment and
analysis [5, 6], a numerical simulation was developed
accounting for the superconducting properties of HTS and the
inductance difference between tapes, to understand better
how the current distributes in a simple—stacking configuration,
assuming constant temperature. Fig 2 shows a numerical
calculation for a 5 HTS tapes model and the geometry values
for the 20-kA—class STARS conductor.

Through these analyses, we have obtained insights into the
role of joint resistance, stabilizer resistance, and mutual
inductance in the current distribution and circulation currents
formation. This may indicate how the current variation
between tapes occur for large HTS magnets based on the
simple—stacking of REBCO tapes and whether they remain
within a safe margin from the critical current threshold. It
becomes available to compare with experimental results to
keep clarifying stability margins, especially with thermal
analysis, which is our future work.
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Fig. 1 Voltage tap signals observed in the L-RAISER
experiment after a ramp—down of the input current. The
residual magnetic field was observed for a couple of seconds.
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Fig. 2 Numerical calculation for individual currents of a 5 HTS
tapes model for the 20-kA-class STARS sample geometry with
an 18—KkA input current as used in the experiment. A high
mutual inductance (meaning a high coupling factor) among the
tapes enables the current transfer between them. The critical
current is assumed to be independent of the sample current.
No contact resistance is considered in the longitudinal
direction of the tapes, and only the joint resistance is assumed
in the terminals.
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Evaluation of excitation characteristics of no—insulation REBCO coils based only on the
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Table.1 Parameters of coil

Width [mm] 4.1
REBCO layer thickness[ um] 2
Turns per pancake coils 154
Numbers of Single pancake coil 2
Fig.1 Coil system Temperature [K] 40
schematic diagram Coill : 0.525

Base coordinates of coils [mm] p
Coil2 : -4.625

Tape width direction FuS Rz Fpg P R,

Fig.2 Image of the
proposed method

Tape width direction

Fig.3 Equivalent circuit of NI
coil in the proposed method
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Fig.4 Analysis result
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Examination of protection method for no—insulation REBCO coils

with local noncontact area between turns
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PR CEE = AN X —2HE T&, 2V IR TREE
SHTEXLAREMED S RENTZ[1], Ll EBEOaALTld)E
MR B AR AMFAEL IR C& 9, RETHZR 5B A]
REtER S5, AWFSE TILIEHERR REBCO AL 2%t RELT,
SMERE I A B T, JE AR REIR A HD5 A O
ENIIRD BB B ARAT - REA L7, AT TITE O R%
WEI 5,

2. R AE
fEMTIE . PEECGH /0 B R Al BRI T 7 VIS LA B i /0 A
AT E . R TTA REEEIC LA BT S b ' L
& HWiz[1[2], AV DFE % Table 11277, FROaA /L
A& 1000mm, & — > #%01% 60, JE R #E ik Hi4 2.0 x
1073 Q -cm? &L, WHHIC L DBEERFNGOK ZE LT, LA
D 3 DDOFA IO AT T,
@ Case(a):NI = /L& RIEEALAR RIS L3006
@ Case(b):NI AL DHRAE R0 & —2 BITHeJE 4 D JE
fih R REIE D BB E
@ Case(c):NI 2A /LD HEEB0 Z—2 EHIZ 1/8 H45y D1k
NHHGE

Table 1 Parameter and values

Parameters | Values
REBCO conductor
Overall width[mm)] 4.0
Copper stabilizer thickness[um/side] 20
Tape Ic@77K, self-field[A] 115
Coil
Inner diameter[mm] 1000
Turn-to-turn contact resistance[ Q *cm?] 2.00 X103
Number of Turns 60
Iop[A] 300
Cooling condition Conduction
Cooling(30K)
3. FRATHER

FELT, BRHEAL R B DD Caselb)DEETT I it
Ir ORFZL%E Fig.1 12, BEADORKZLE Fig.2 ITRT,
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ANVNOEEFIC LD FEE Qpass 2NTEOHY T, FEREIE &H 128
W ULT=, F77. Casela)~(c) D KIEE DRI 2% Fig.3 T
#79, Fig.3 &0, JE#EA R R, Hbof Iz nbh
PR KIBEDOEIIRELRN, 2F0, EOHFETHaAL
EIRTREESHELTND, ZHUE NI AT BV —
TREHICHY ORI R TIE LR NS ERN
B LTl E 2 b b,

LLEFVAE DG aA AN T, JE AR B aEik,
FAENIFET D56 TH, BHEMER THER = LF—
ZHETE, AN R TRAL M TEL AR RE T,

Fig.1 Radial current Ir[case(b)]
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Fig.2 Heat generation[case(b)]

Fig.3 Maximum temperature
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Fig.1 Single pancake coil with pickup coil. (a) Pickup coil inside
pancake; (b) Pickup coil outside pancake; (c) Pickup coil above
pancake.
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Fig.2 Pickup coil voltage immediately after degradation under
constant current in case of Fig.1(a)

5
; L.\
g
= 0 A\
H A 1 60 80 100
e \ t—— T =
2o ‘'~ — =T
~ v St == PR
) /
T -
N /'
~ .
i 15 \_// 102 —vic4H1k _—— = 20— il
B —_—— 30X VIS e =402 — TS
-20

Time [ms]

Fig.3 Pickup coil voltage immediately after degradation under
constant current in case of Fig.1(b)

10

— 0% — AL _—— = 204 — ik

-— 40—V IZHL

'\ —_—— 30— vicHil —_—

w

[}

Yy 27 v 7 a4 AEE[mVY)
n

-10
Time [ms]
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Development of REBCO coil system for Skeleton Cyclotron (Autumn 2023):
Excitation characteristics tests of 1/2 scale demonstration REBCO coil system
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Fig.1 NI-REBCO Coil System for UBSC
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Over current testing of high temperature superconducting coil with liquid hydrogen
immersion cooling
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Fig.1 (a) Cross section of the REBCO field coil, (b) Overall
view of the REBCO field coil.
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Fig. 1 Equivalent circuit model of NI racetrack coil.

— 12 —

B
AW DO—EIL, BB & GRER S 22H01464)1280
Eh L7z,

64 . 59.8

Fig. 2 Schematic illustration of measurement coil.

82 | | . 0=
2 rmy Turn 4 =
= -, —<— Tun 5 g
® 80 5 ©
2 o
% 2
Q 78 0 £
: °
= T Heater Power %

76 \ \ \ i 5 2

0 1 2 3 4 5

Time [s]

Fig. 3 Measured wire temperatures adjacent to heater.

82 i i I I 10 E
%3 —&— Tun 3 o
0 80— yamy Tun4|g %
2 ‘ —<&—— Tun 5 o
© - Turn 6 5
3 78 0 g
IS .
) PPN 0]
= AL —Heater Power ©

76 () | \ \ \ 5 O

1 2 3 4 5
Time [s]
100 I ‘ i 10 E
—c—— Turn 3 =
yamy Turn 4 [0)
< 9 - Turn 5| g %
= —+F— Turn 6 o
8 0 Hoes SEo—o@en 5
= o 0 g—
jn —_
O 85 [ =
Heater Power ©
go [ ® | | | | 59
1 2 3 4 5
Time [s]
100 \ \ \ \ \ \ \
—&S— Tun3 Heater:52-55
95 —rbe—— Turn 4 .

10 20 30 40 50 60 70
Circuit Element Number

Fig. 4 Calculated temperature and current distribution.

106 20234 AL T - MEEY R



2P-p19

HTS 21V (2

oA IIVEGE#E DAL AMED RIR IR O BT

Numerical analysis of leakage magnetic fields generated by toroidal shaking coils

B s, i G, Fe)Il —sh (UEBRER)
SHIRAISHI Kazuki, KANO Keisuke, KAJIKAWA Kazuhiro (Sanyo—Onoda City Univ.)
E-mail: f122610@ed.socu.ac.jp

1. [ZC®HIZ

MRI 28 BB E -~ 7 R M@ OB — B 23 3
THY, HEKIBBEEELT)Z SR/ HVLR TN, —
77, # T EREIRBEEHT)RIIT — T IR TH LD
WS I T P IR B TR S i S CIR L AN R & <AL L
TNEBN AT FETE S E D1 SR GUEf T s R
WCEVBER B —ENRF LR T 5, 2T, REHREBIAL)
BT K VIR B R R 2RI T D EAMR RSN Q0B [1,2],
Fio IHBEH O AN A FHEE , HDVIT A L ELE
L. #2528 fiikg A HTS oA /VICEIIN$ 52 82k0., ik
BRI TR THHZEL HEIESN TWBI1-3], AHF
22Tl haAZ VRIS RE T A L 0D Bl BE DN G- 2 A IR IR
RO EBEHUEARATL . MRI EBANOMOERZaA LT
52 DRGSR A S L 72,

2. BB R OTESE

"X N NERERRTH 1 Z—2% 4 SO %H DM
AL GERIL, BROEZE2L DB OBEMRERBIED
WREERGOELIILZLY, BTN AE Lz e A4
ANV DFEAERE TR EBAEIRNT T DR TED, ZOLEH
2 EB LT, FOMEERR EORRITE B R AR 57
OFENTTHZEITTEAR,

3. BWETIL

T ALz aA Z a0 OREGX & Fig. 1 (TR, 9
RTOETTMZBWT, NZ 50 mm, FME 100 mm, #E 50
mm, #—4% 360, iBEEE 30 A EL, BRELTIBRELD
AE DI/ N A 2 A& LT, 22T, Fig. 1(2)DEH1T 360 ¥
— U ERRENTZL DO EET L AL Fig. 1(b) DI BR
WEUT-BDEET L B(P)[360+n]-n & LT, [INOEIEILER
MAETER T DRIOE 7 N SR E 57—, PIE—f&
Frdo 7o IR E 9SO AR, n IXHEHLTER OB
ZHRLTWD, BlZIE, Fig. 1(0)DEIIT 368 Z—1 DL
BINIhaAZ N at A hhL— B0 2 ROBBRHPEIT .
F4 EET 8 KD AEL T2 ET /L% B(2)[360+8]-8 LK T,
F72. Fig. 1) DITERICT NN ELTLLOEET IV
C(P)([360]-n)+tn LTz, 22T, P, [JNOEIEIXET /L B &[F
KEDERA R L TVDA, n ITET VB DA LR, Th
TBROBREERL WD, kBB OX— T LT,
BEET 2 k+1 B HOZ— RICERDZETEARAIC k% H
DOBFAEITO0A L7220, BEBEL- k+1 FHOEBTEN 60 A &
Tpo T RIEEREL TV, fil 21X, C(2)([360]-8)+8 15360 ¥
— U BERE LI E L ad LG | fEETT-0 2 AL B
4 &P 8 ROBMNT I TWDLDET B,

4, BIERITHER

ET IV B TR AIMIBEE S A SAERIT UT- R B Fig. 2
R, 22 TR A 2 v aA v oMl & FEREE 35
x BHIE D S5 1A O R, e IR O y A ER L TD,
Flo x BIED 7 FITRH IR S K& 22D L BRI 27
U Te, BUEARNTRE R, BRI E AT ISR OHHIZLE TR
DREL RS AFEE T DIEE R N&LAen T e
oyt FRRIZET L C BT DRI R & SRt

— 113 —

L7ciER% Fig. 3 1ORT, TV B ERICEEEATICT N
DEUDIFETB ST NSLARD 2 e D,

(a)

(b) (©
\\\} 1/ N\ 1772 - - - 0[A]
g - > e fea ]

—_—A

1 |- B(2)[360+2]-2
—— B(2)[360+24]-24
T ] | w1 B(2)[360+90]-90
-— - B(2)[360+180]-180

Leakage magnetic fields, By [mT]

0.001 I \ \\ I I
0 5 10 15 20 25

Distance away from toroidal coil [mm]

Fig. 2 Numerical results of leakage magnetic fields in model
B.

=
g
&
Z —aA
i 1 1
= MN q] C(2)([360}-8)+8
Qo
5 —— C(2)([3601-60)+60
g o1l ]
2 — - C(2)(3601-90)+80
P B R SN | C(2)([360}-180)+ 180
9 ooy ]
<
= o001 ‘ e
o 5 10 15 20 25

Distance away from toroidal coil [mm]

Fig. 3 Numerical results of leakage magnetic fields in
model C.

SE

1. K. Kajikawa, et al.: Supercond. Sci. Technol. 24 (2011)
125005

2. K. Kajikawa, et al.: IEEE Trans. Appl. Supercond. 22 (2012)
4400404

3. K. Kajikawa, et al.: IEEE Trans. Appl. Supercond. 26 (2016)
4400504

$5106MH  20234F FERK AR IR T4 -

R &



2P-p20

VAR |

SRBEEEHNTEHEAN)HILAAIIL AN EZRHEOEREET 12— LD

Development of Continuous Winding Module for Small-Scale Coiling Machine for High
Temperature Superconducting Force—balanced Helical Coils

A FIE , §F M, 2R B — (RRS)

s ZH B= EIRE) 5 HE Ff (KEK)

; EEP AR (NIFS)

Hiromasa Hashimoto, Hang Xu, Shinichi Nomura (Meiji University); Tanzo Nitta (The University of Tokyo);
Takakazu Shintomi (KEK); Naoki Hirano (NIFS)
E-mail: ee201044@meiji.ac.jp

1. IZLHIZ

ABFFETIE, REBCO #4f % V=R Tl ~D v
24V (FBC) OREUWEFBMEA MG 572010, K 1 1ZRTh
A VLS 120 mm, REAX VR 30 mm O 1 T #RE
T LA NSNS BR A D T B, FBC 1L ERE)

ZRIBIARRS T, 2 VOB BLP SN a1 ThD,

ZHNET, REBCO A UMNARE L L&A~y R 2 — kLT
RIEHEABIRL, BRHEO Y SRS BB E ORI E
%ﬁﬂzﬁﬁlﬁﬁﬂ WCEZHLTWA], LnL, BEEXLTWS 13 &
BRROBRHEZII OV T RIS TETHRN, KfE
TiE, ORI S 2RI 5720 3 8 e R L 7= A I
HIRE  EBHR A~y RO RIRPLUZ DWW T T2,

2. RSP O/NE IR

X2 (X REBCO MG L7 FBC D/NEERE DS
BEHEIXTHD, REBCO B IZLD A~V AL aA VBRI
WX, heAZ £ o 39— B .EYTA v, ZTLTCr—/LfA
o O 4 J571alis A o [RIEERIEAS A] feZe i N Bk &S s,
LI=2io T, Z0EGHIT 4 SOREEEZR T, ThEho
R OBRENC X AT B 7B — 2 ATV, 4 A
HEREEL T, &HEA (oL B v, «) ITRRAZ LA
0 OBMTH LA, ZORAST VA EFERELL T
HE G DAT e 7T — VAR E A THSE CEE
U, &4 O EHEEE A TR 352 L CIEM OB EE S5
LTCW5%,

3. EHRBHHEED 1 —ILORR

ZNET REBCO MM IR L&~y RE2— &KL
FREE T — RO G R E G 2HE L 5 mm 8
DAT UV ARE W TRBERIREREZ IR L, Lo,
MR E L R Lo L DR A Z L ERDE NI LT
TRAE DB~ R DI SN D BRI 135k 2 (B Rk
DAy TG LB B, ZOWHREIZ LY . SR 1R
MR E BRI B~ A RD Iy TonTLE
UERERIR SN Th T2, T T, kAR BT 57
® REBCO #FIHIRE v LB~y R &3l Cde B &N
Z BRI EICS U TR BRSO REBCO  #i44 Z2IL4H
REVINSER AR MG TE L IR R RE 2 — L
REHEToT,

X3 X REBCO AR E v &M~ R &y BEL 7=
FIERE O T D, REBCO A IR E L (A)D
FIZH DL — FERBRARE CBIZEE SNz e—TF — B il
LTEY., IR E L 23R BAE NS L CH BRI T&E D
T TND, ZHICEY, BRI E S TR
i} REBCO ## 2 AR E L NSRRI 4528
W TEDIDNT/D, REBCO M O3 Az iz 7 J
N MR E L BB~ R ETORM SRS 212
m& TEEEFL QW 5, REBCO MR E v LB~y R %

SYBESETRAME T 5 mm IED AT L ARRE VLT HARR
DRENHM L /AN BE TR LT, EOREE . B IR
RENCAT LRI B 59303 ZE 72 S B AR DN A EIS

— 114 —

TeHZ EDSHERRE I, M BT, NIRRT Y
22— )LV E R IIA I FBC @*ﬁﬁ%ﬁﬁ%i&%ﬁ“éo

Radius of 120 mm

Poloidal direction

I
]
I
' '
—s

Radius of 30 mm
Toroidal direction
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1007-1008 (2010).

2. M. Tomita et al., Energy 122 (2017) 579-587.

3. Superconductors drive trains, Nature 542 (2017) 275.
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Evaluation of the effect of rectifier plates on separation performance in MHD type seawater/oil

separators
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Fig.1 Schematic diagram of the separation section in the #1
seawater/oil separator.
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Progress of R&D of SCSC cable in autumn 2023 (1):
Overview and long real cable fabrication using reel-to-reel cabling machine

FNE 2, S A, @if B, RS BN GRUR) s UG JEK, 18 Bt GETHE 1) s A A48 (SuperPower Inc.)
AMEMIYA Naoyuki, SOGABE Yusuke, TAKAHASHI Akira, FUIINO Masato (Kyoto U.);
TEJIMA Yuta, YAMANO Satoshi (Furukawa Electric); SAKAMOTO Hisaki (SuperPower)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp
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Fhx 13, AR TR R Cu AN AR S E A EATH
% SCSC cable (double “SC” cable; Spiral Copper-plated
Striated Coated-conductor Cable)DHFZEBR 5 & 16D T 5, A
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2. U—IL-by =LK — T ILEBMEI LB —T L
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B SIZBWTE, 18 2 mm, 74T AN 10, $AAYFE
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RFRIBREFEICBIL T, BIRERIL 7R 100 mm
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WESMECEAL X, BERARERETIHOIEHE 6
IZHERLT- 04 m BV AERWT, kiR EHPCT, #
RO R BT Z LRISK 500 A ORI RAEREES. ©—
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- BRERR 1 AR, T — 7 2 A DRSS B
L7-HiJgr—7 V| EARADLES 100 mm A5 40 mm £T
JEVR T, R — BRI A E U7k oo —151% Fig. 3
WRY, 7 —7 VEEL 40 mm £THIF T, Ff 1 AR
T, RERGIITAEC RN ENb0D, 5. JEEEL
L. DB I LD HI R DB AR D T ETH D,

3. 20t

ARFEROITD, FERAFE R DR AR % e M2 BT 5K
TR OIMEDOKR T (3A-202) | WIKEFEIRE LVIKWR
ETOAZERLIZ 42 — 70 K OREER TOM AT
B TE L4 8 O ERHTR ORE (3A-a03) . 747 A M3
DG LRI G 2 DB BOEBRAIMTT (3A-204) , &Zik
7 FRER (3A-a05) | PREEFENE O BB AT IZ L2 3R
(3A-a06) . AR IO BUERNT (3A-a07) 72L& HED TWD,
TNBIZONWTIE, AHE DD LB H]E T2,

BiEE
ARWFFEIT IST KRS AIEEES T ME B IPMIMI9EL
DFIBEZITI=H DO THD,

...... R

Electric field (uV/m)

Fig. 3

— 119 —

Fig. 1 5.2 m-long four-layer SCSC cable.

.//'

b | i
Fig. 2 0.4 m-long six-layer SCSC cable.
1000 —— |
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An example of set of voltage — current curves of a

spiral cable consisting of one superconductor tape and

two copper tapes, which was bended with various

bending radius step by step.
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Progress of R&D of SCSC cable in autumn 2023 (2):
Evaluation of ac losses at various conditions using empirical formulae
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THY[3]. Qms X Y. Mawatari OEEGGIZHSE, 74T A

— 120 —

DL QO BBROB R B E LT L TOEKE 74T A b
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Multifilament coated conductor
Core Second layer

$
Filament

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

1x107 e s -
w,=2mm, n,= 10, f,, = 10 pm

473 pm, I, =379 A, p=1.74

1x10°
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1x10° ff%”r()m{.r'%

1x10°

12107
i g G F,pr,mfn,e],]t,a,".y deterlmmedl :
1 10
i #{)jim (in’lj
Fig. 2 Example of experimentally determined hysteresis loss
(symbols) and the theoretical value (line).

/1, per unit length of cable (J/m/cycle)
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Progress of R&D of SCSC cable in spring 2023 (3):

Temperature dependance of coupling time constants and resistivity of copper layer of
spiral copper-plated multiflament coated conductors
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UEGAKI Hiiragi, SOBUE Takuya, TAKAHASHI Akira, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
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2. AEFEHARCAERE
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FTAND VT T 4T A NERER RS, B 3 mm
@ GFRP 72, B& % 55°TAATIVRITEE T
FBHZ 0.15 mT. A% 500 Hz ~ 20 kHz DA GRS 21N
L. BLIE D ERBRENZ Yy 7T v 7 a0 TRIE Lz,
ZOREREE G RILOIRRICHTR/ N ZRIETT 4T 47
L. T — T O — 2l b A E R E R 7=, HE
L RBHARIE AN A TIRIEHHILIREE (4.2 K) 22D, ~
Vo BINGRALL B ARFE T 51 FE TR LATV, 5 & R E
BORE R R R DT,

Hi A% B OBPLRONEITIL, BB RZHE LA
LEFEDM A L=, T— 78 0b, BInEE4a R
L, AT aA R, SR8, i A0X B0 &5k 2
L. 4 SFIETHEIZHEL, fAREROREREE
KT ERLFRRAR T 15T BRI R DT,

Temperature (K)

Fig. 1 Temperature dependance of coupling time constants
with different thickness of copper plate.
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Fig. 2 Temperature dependance of copper plate resistivity with

3. HIERER different thickness of copper plate.

Fig. 1 [CJIE L7t & W S O B (R AF VAR T, f O 8x10° ‘ ‘ ‘
EHITIRIRIC 22 DITE B0, SAY X BOESNEL 2D i 1
128 BB LI, Fig. 2 ICHIE L T- A~ @ OIS ox10°Le ¢l TTOHM
ROWEARAFMEZ RS, 20 K DU R ORE TiE, #iHrRidz — e =t =20pm ]
LAETELLIR, ZOZEND, fEARERAS 20 K LA FT § e At =40pm i
ZAELRCOIZHA* B OBFHESLLL T ThD S " o E
LEZLND, Fio, HAYFEIHRDHIZY 42 K ITBTD w2 ;o .
PRI R <™ LA, BAY S DIESIT E o Chid 2x10°~ ; T S
HEE VAL, RHLRANVE (L LI WTREME S D5, Fig. 3 1CH PR . .
LTS AYF R HIE, f A ERO W Th oA B 0 - - - 4
DR E B D BIR A, B B R A ¥ B HE 4 0 2107  4x107  6x107 810
DRESITHBIL TR, F7e, FAF I 2 BIEE Resistivity p , (nQm)

EVRUTRDIEN DD, ZNBIFIRBIC LD ES RO ZA L

— 121 —

Fig. 3 Relation between measured resistivity and fc with
different thickness of copper plate.
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Progress of R&D of SCSC cable in autumn 2023 (4):
Current sharing among filaments and thermal-runaway protection of spiral copper-plated
multifilament coated conductors

A R

FE OGS, BEED A, W M2

KOYAMA Yuya, XU Guangwei, SOGABE Yusuke, AMEMIYA Naoyuki
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. 1IFLBIC

TN TR (B R 2 B 3 B BRI R AT 72 K e % 58
BT ZEIFBEMIZIIARFRETH D, A&~ LVTF7
AT A NEEEIRB SR BT, fEE N LTy
FTANE T T HIE TR IpZTRLULEL CHlE TED
LEZLNDM, ZOSFRICEVERE TIEY 2 — VAR FEA T
Do OV 2 — VEN IR TE DR LMV SR T DM
PRI R T B R LT,

2. RBRAEOHE

RFUAE Y N THE S~V TF 7 4T A NI & IR R
M OMEF A IICER 1 mm OREBT. AL Kb%
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Local defect (¢ ~ 1 mm)
' b3 b4

1 3’ ‘\ 1
Voltage tap '
(length along tape axis ~ 2.5 mm, width ~ 0.8 mm)
T = = 1 .= - | ol A e e |
Current b1 b2 ,” b3 b4 N b5 b6 Current
| terminal | R | yl  terminal |
[ ! \ 5 [ |
al a2 a3 a4 a5 a6
L L === = ol oo s ol
~ 100 mm
Fig. 1 Positions of voltage taps set on sample (al, 2 ...: voltage

taps on edge with local defect; b1,2 ...:
edge without local defect).

voltage taps on

—
W
—

10000 | Multiflament at 50 K, 1.3 T 200

E — 8000 |- Current: 200 A <
o £ 6000 = 200 =
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B = B | | 500 §
= ,_-————————j_/ | 3
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= 30 - -5000
0 1000 2000 3000
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Fig. 2 Electric fields, voltages, and currents of multifilament
sample with local defect. (a) Longitudinal direction. (b)
Transverse direction.

(a) Monofilament at 50 K, 1.6 T
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2 8000~ Curent 220 A - <
S ;E* 5000; | 200 z
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Fig. 3 Electric fields, voltages, and currents of monofilament
sample with local defect. (a) Longitudinal direction. (b)
Transverse direction.
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Fig.4 Thermal runaway protection results of multifilament
and monofilament samples.
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Progress of R&D of SCSC cable in autumn 2023 (5):
AC quench measurements

B A, @iE B, E Rz (RUR)
SOGABE Yusuke, TAKAHASHI Akira, AMEMIYA Naoyuki (Kyoto U.)
E-mail: sogabe.yusuke.6s@kyoto-u.ac.jp

1. [XL®HIZ

SCSC 7 —7 NI EHEBEEL TWDIHE DT
K R OO "l REME Ic SV CTHRETT 5728 . SCSC & —
TN =TV EE R BT E LSRR B AR E LSS
DBFEWTEZREL ., 7 FE A2 ERAICEHEL -,

2. AIEHHOETRUVER-EREFH

HEFREND SCSC 77 —7 /v DFE % Table 1 1287, &k
BEANAEL/ZER E-EH [ FEI Fig. 1 IR7@8Y T
BTz, 22T, Vi@taped-n X 4O n KB (m=1-3)D
T RUCEN TNV T DN BIEY Yy T EE KT 5, 4
JE B O3 AROT—7rE CRIEShZERIIREIESD
WU, 2T, BRES ) COBERHEIT, K T — 7o
E-J BHEDITHOXIC R TTF — B O RE T2k
NRREE 2 D,

3. XF|YUTUFHR

Ry = F BRI WL, Fr2O B R L TR
EIOWIREITTI Uiz, BIEEIL 50HZz EL, 0 A 25 BAZHRE
IEECTORBIFEME 5 s LU, REFPICEED LH U
FUZE, 50 s 212 0 A FTIRIEZfREI Lz, BEN LR/ LS
A, VI@taped-n TOREEEN 1V ZBEZDETHREL, 1
V 2Bzl BRI TS EIRE & Ewr L7,

Fig. 212 =750 A DIFEOEN K O VI@taped-1 THIE
SN EBEWRTE O 5 B AR SR ETORMTEAE R,
T fRBIBARESE =0 s L, RBISE TIZt=5s Th
5o t=45s I CEENIE L/, t=75s fHETr—7
MCOMEBENZIC EF L r=16s 5T 1V OEE
FEAEABI T 72D MW LU=,

Fig.3(2t=3s,t=4s,t=5s,t=15s ffr COER - BE
W OYERHZTR T, BIRIRIEDK 450 A Tholor=3s
fHETIRIRIEA T T2 ARGy DEEOHBRIS T
N, BIHRIEAT — 7RO R ERZ KEEZHH 600 A
Thote t =4 s I TIHETUR S OBIELAEL, BIEREE
NEATWAIERN NS, ZORBIR S OEEIT. FH5IH
SET LIzt =5s fHETIIALFIH ARy OELEIDE K&
IpoTWB, 72U FNREALCLUBIZZOWEPUR 5 D E
JENRESERL, t=15s fHECILEEEREEAELITZ
ENCIE RNy

BiEE
ARWFFEIL IST AR AIEFES T ME B IPMIMIL9EL
DXBEEZITF 2D THD,

Table 1 Specifications of measured SCSC cable.

Number of layers 4
Number of tapes per layer 3
Core material Brass
Effe(;tlve cable length (between 170 mm
terminals)

Width of tape 2 mm
Number of filaments 10

Thickness of plated copper
Thickness of substrate

Distance between voltage taps on
tapes (tape longitudinal direction)

10 um (one side)
30 um

206 mm

— 123 —

s 1000L s |

E ; VT @tape4-1

= ~ Vi@tapes-2 .

5 500 VT@taped-3

= 1 =

Q N _

B L N

o} L -

w 0! ——T | .,
0 100 200 300 400 500

Current (A)
Fig. 1 Measured E—I curves before ac quench measurements.

(21000[—,,---.11,], ------ =3
< E ]
- 500

1= 5
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—_
o
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Voltage (V)

Fig. 2 Entire waveform of transport current and voltage.

@ 1000 ,:_ T T T T | T T T T __ 0'05 =
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3 =
(b)
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3 19° 3
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Fig.3 Enlarged waveform of transport current and voltage; (a)
t=3s-3.1s,(b)t=4s—-4.1s,(c)t=5s-5.1s,and
(d)t=15s—-15.1s.
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Progress of R&D of SCSC cable in spring 2023 (6):
Evaluation of protection characteristics of SCSC cables by numerical analyses

B A, e iz (RUR)
SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: sogabe.yusuke.6s@kyoto-u.ac.jp

1. [FL®HIZ

SCSC 77—/ /ViL, EERO MW= 7 DEVICA AT
TR DS BB S~ VT 7 4T AL NS IR E
%2 RS TR IR A (Fig. 1) [1], Fex 13z
NETIC, BRERE a7 22 NENE TR OIRE Y
FOREZTHEL r—T WAEER KL= R =2 T
CABAAEHRE DO FE AU - BN B A B JE L 7= SCSC 7 —
TNDT T TR FIEEREE T, 207 T fijhr Fik
&V, SCSC 7 —7 NV OEITNZL DY = T FH - (R A4
BT BT 21T -T2 DT, THARE T 5,

2. SCSCH—TIDYIUFHEFFE

SCSC =7 NPy T F BTk T DI E R A5
MDD, BIRER L a T EE TN R TR R
DOEALLTET MELE[2], 2OFETIE, a7 NCE
NENOBRERN T DR T HMIRE D iz — R oeEME
H iRk o TR | BIRERR K O T ] OB i 5341 %
B G RRAUCELSTHAET D, o, AT I Lo
(EEHRE ORI 2 E B L TOAZ LN THY, 27 -
AR R OV MR ) oD B fi o8 A BT S OV ik 2
B, E- B BAG S N O a7 B OB I A T 12
BIFBNRTA—=ZLEL TS,

3. 2B SCSC y—J DI FEFT R UMRESIEAENT

T L EHIZD 2 R, 2 JEH 75 SCSC r—T Lk
KGEL T TR R ORI RN 54T o7, 22T,
I T RATIZ B WX EEE R A FHRF—EE L, BN
FEAETHETHHT LT3 IRFERFIEMAT Tl Ml B A%
T, FNEBRT%IC— EORIER R O% W EERE
FREAICAS T EE, BER NI ANOIRBENZ T LT, fif
Wrxt4eé9% SCSC r—7 IV Dk It Je OMFHT &% Table 1
\RT, AT CIE, I8 ORBIEER —ADEF I h
DALE IR PTEVIRER R B ST 2R B L, B EE RS
iz,

Fig. 2 |27 = FRAT S OPRERFPEMRIT IZ Lo TR DT
BT ONEE ORI (L E R, 7 TN CIL, EitE
HIRE 100 A LTSImO BEREIZE o7, — 77, Rk
FENTClX, 77— NV RREOBENMREEL 1 mV IZEEL
TBICERMERAIIE F L2720 EENEHRICIE TL
Too 7120 AT TR EH HNAE Y T DM EAS  2E
LTHEY, MICEDMEHZZEIZANTHRWZD | IR E
DR TR (X TEIE O N B LR TIER IS Ao Tz,

FHRTIE, S ATA—S B2 GG ISR ENE
DIDNTEALT MOV ThHiERR T D,

B
AWFFEIL IST KK ALEERES T MEE IPMIIL9EL
DXEEZIT LD THD,

S 3k

1. N. Amemiya, et al., Supercond. Sci. Technol., Vol. 35 (2022)
025003

2. Y. Sogabe, et al., Abstract of CSSJ Conference, Vol. 105
(2023) p. 11

— 124 —

Fig. 1 Schematic of a multilayered SCSC cable [1]

Table 1 Specifications of analyzed SCSC cable and analysis

conditions.
Number of 2 Number of tapes 5
layers per layer
Spiral pitch 10 mm  Cable length 100 mm
Core diameter 3mm Tape width 2 mm
Thickness of Cu 10 um Thickness of Ag 2 um
layer (one side) H layer H
Thickness of SC 1 Thickness  of 30
layer KM gubstrate Hm
Initial temp. 77K Tapele @ 77 K 30A
Current 100 A nvalue 20
Terminal Terminal
resistances at  10°Q  resistances  at 10
tapes core
Contact 10+ Heat transfer .4
resistivity Qmme  CoSfMicient Aty o

contacts
Longitu

Location of Ic dinal Detection

- 1 mV
degradation area  center of  voltage

L2-T2

Delay_ after 01s Decay time 055
detection constant

Fig. 2 Typical analysis results of temperature and voltage; (a)
quench analysis and (b) protection analysis.
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Progress of R&D of SCSC cable in autumn 2023 (7): Cable geometry dependence of ac

losses in SCSC cables carrying ac current under ac magnetic field
TR Ak, B FE ACH, MUE Mz (BUR)
EZAKI Yuya, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto Univ.)
Email: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [EL&IZ

Fx i, B~ 2y NOE—H Y | RRBR T CAS
BT I AZMEL T, SCSC 7 —7 VO FEBI &1 T
STCWB, SCSC 7 —T I DIEIREFK T /3T A—H 1L
BRIZEEE 52 5L TRENDLORHY, 2O B2z
FHZ LT Y e — 7 VG A TO ECIERICEE Th A,
AFETlL. SCSC 7 —T IOk E Fe T /3T A— X NS
PTG 2 DR B BRI SV TR L7,

2. BRRFE

T VEICED SCSC 7 —7 VDB TR ET VA LT~
AR IR ZAT o 7=, IR IR SRR O RS T B O E
RO % MR 3 PGP A @ AL 5, Eio, S EOA
VB AO RN TS MR E BT 50 &
DACALZIEABIOEHOMAEALZ 7522 R
W DS RPTE K ONR AR E O BRI A 5 JE L 72 B H-E
FNERELR LT, ZOEBETFNIZEST, r—7 VICEE
T HERE B L OSMBRR ORI LS LB
2% BOERMORFEALEZF R T 5[1], FoN-%EOiE
EEROIRZ b E ko> SCSC 47— 7 L O ERESFRHTE
TINZBIAEREMELTHEX TS,

ZOMRHTICBW L, BR B EREL L CnfEE T L
ZERAL, G R BIREE OB RGN EBE T D201
Kim =7 /v % H -,

3. RFBROBHIKEFMHE

ZZTIE, K 2 ik, 2 JED SCSC - —7 L Cable 1 &4%
JE 2 3. 4 FEOD Cable 2 xR L T & T 72, 77—
IV DTG L OMENT Stk % Table 1124, FBHROEA TS5
M arE a8 cilc L b, r—7 IV EN It cable [
NERE RN R ET2 DL E D —T NV D E R lccable % Hk
YEL LT, BIRAMTER licale / lecavle = 0, 0.33, 0.67 L7225 191C
PIE LTz, SN DOIRNE Bext % Bext=0.05-0.5 T OFiJHT
ZAbSH, 2RO FHRIE KT AT <7,

IR O AR R L O SRR K 7% Fig. 11277,
BERHR I TIMBBE A O E BTN TEY ., B bRk
AR A7R B LI (Bexe > 0.1 T IZBW T, iR LD
lt,cable GliéﬂE%f&%&iébiﬁﬁxof:o :@:&73)%\ %@ﬁ?
IZBWTC, BB ERAZIARRICE 2 DB NENE S 2
%o AT, AT CIIE BRI LD 8 O AR — 72 i
DAEEZRLTODLIEND, BRI AT D218
TEBRPIERT LTI ED R INT, Fi=. Eh
AR IZ 3BT, Cable 1, 2 DA AR LICHEE R 7EN R 5N
TRNZEND, BEILT — 7 B OALR RIS AL E
EZz26h5,

4. RRBERD 1EHYDRBEBIKEFHE

I TR, 12 ROFHTHERE NS SCSC 7 —7 /L E LT,
%8 3 FHR, 4 JEO Cable 3 458 2 ##%. 6 J§ D Cable 4 %
KGR UTHENT 21 T o7, BITEEY, Bex > 0.1 T DS TILRE
1KTE5E75>§EEE’JH&Zol&?b%ﬁﬁﬁ'@f:&)\ |t,cab|e =0A. Bext =
0.5 T U CAHIBLMMT 21T 7=, 2B I DTG Fe
Fig. 2 lZ7"9, Cable 3, 4 FliCBWT, eAT VA K, S
HELL ICHF T A BN oTe, ZOZE)D, Cable 3,
4 ORALARIIE, BALIR I EL A 22 58Ik T [FFRE CTh

— 125 —

D, r—7 VWD NEV Cable 3 DIFHAVE L OB
HTHRMTHLEE 2%,

FETIT, KVERN: SCSC 7r—7 Vst G L LT fifhr
fif R rm L, KRAEWHRRIZ#E L7z — 7 A JRARIC OV TR
RERSE

E i

ARWFFEIE IST RKASALEEES T MES JPMIILOEL
& ISPS B 75 &5 IP20H00245 O 4B A= 1T 7-H D
Thb,

2E XHk
1. Y.Sogabe, et al., IEEE Trans. Appl. Supercond., Vol. 33
(2023) 590005

Table 1  Specifications of geometry of SCSC cables and
analysis conditions.

Cable length 10m
Core diameter 3mm
Width of tape 2mm
Thickness of superconductor layer 2 um
Number of filaments 10
Winding angle 55°

Terminal resistance Rt 100 nQ

Critical current density at 0 T Jeo 2.0 x 101 A/m?
Bo 0.150 T

n 20
Frequencies of Bext and ltcavle 50 Hz

Fig. 1 AC loss vs. Bext characteristics of SCSC cables in
various ltcante / lccable OF (2) Cable 1 and (b) Cable 2.

Fig. 2 Dependence of ac loss on cable geometry.
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Adjustment of magnetic field distribution

in a superconducting isochronous cyclotron for proton therapy

IO MK, 5 1, A3 L, s 75, B8 )m, = 1 At ((EE)

Yuta Ebara, Jun Yoshida, Hiroshi Tsutsui, Shu Nakajima, Takehisa Tsurudome, Takuya Miyashita (SHI)
E-mail: yuta.ebara@shi—g.com

1. [FL®HIZ

LA, Bo T-RRIAIE I IR L LT, S AVE A7 ah
s SC230 MBARESNTZ, TV Armba g, N B
FIF— KREIE —AEWIFFEAE S D, LRI &\
IIATRE EE SR S, FHRTOFRIEEN FE e ST, Tz, ik
T RIS O RSB BT S LT, AR TIE, SC230 1
BT DR 3AT TEER ORE - LI BB i A 2 e D B 2
WO, R R DR,

2. BFRERERITEEEY/-0MOY SC230

B HIRIRIL, 7Ty Y — b DR IR R Ry
ALV IEH M ~D X A— D aAR I 2 DD L) R
HONAIREETHD, B ATEE B 7203 bl be w4 51
DIENTEDLRE | BEITELWLAABREL TERSNT
Wb, EO—JT, BT RIRE OB NI RERPEC RO
TEY, F/NIBEORRBE~DE N THEA T, ZHE,
B - RRTE L E S KA CTHY | R D723 O F Hiffe R0 A
JBEFR A ANARERED — D L7 5> QDT ThD, ZDEH72
WEOLE, BB AT DB DEE O /N LA R
HHILTUVNA,

WA, BB~ 2o M AWEBREYE AVE A rabay
SC230 NMEREMEMIZ L > THF S, [1] SC230 DHFE
% Fig. 1 1T, ZOVArubnr Gk, MEEHE~7 2
FWT 3-5 T OEBSERAESELZET/MULRERSN
TW5, Bl HBLEIZIIT DRSS 3.9 T, 5l IR
0.6 m ThHo, £z, /MEULLFRIFRZ, B —20KEH, &~
AT LOE T bh EBITZ,

3. BB R DR

SC230134v7 H—D AT N7 HZ—RIAVEY A 7aka
T, HR A rakar T, kTR L — BRI
PEOFESERR AN ST o TEERE N 72 S 72 Ae DT,
IR = VX — (X R A DD, 2D EREB 2 DR, v~
vrakarRevrratr A rabal CIEE R EEZER T D08,
a— L YR BB DR (SRR ERGES) 1o o TR
PEERE T 2ONEREY A7 0bn ThD, T7habb, &
WRpbE A 7 b 2 ES U DT [ O J8 SR B (01R)
Bold L FDOEHTNT D,

ZZT\ Bo I3IMEES O SRR AR R OB & E Tk
STHRIESND, o, y [ FR—L YR T-THY, KT Dk
Evitd ez T, LLFOIIICERSND,

ZOSRMEY A 7ubhry T, RIS IC LS T A
e gl IT ) (2057 [6]) D_R—F M ARB N EIT DL
WCEBNLETHD, Frio, MU RS 2 5< 351
L ZORERE LT <D, 2ol H AT

— 126 —

DHheids (azimuthally varying field; AVE) Z W /=ifEEdD%)
RAEFIHL T — LD EE FEL LI ERFE Y A7 hr 3|
AVF¥A7uabarThd, £, M ighekicL oy %
WOMPEFIFAL, B — DL EMEESILIZ M ESETH 00,
AT Ny 2 —RIAVEY A ZahaL Thd, SC230 T, b
IV O AR R BE B VX R WP T 210 mm, SO BEE T
+£6 mm, SHITIRIITORE LR D REIRASAT A %6 Ol
FRIR SR S 4172, Fig.212SC2300 J8 SR o0 £ 77 1]
DA OB ER Z R, 20L& ERERIGHLOTNNS
L&, B — AR EENHEY; L ORINLF 25 AT, SC230
Tl RSN IR O AR HENSIL, 50 ppmEL T TH
5o Hif1%£0.01 mmA—& —OFEEM TIZ k> CTYES -
D7 BES AR OWE L AHFE N TR ST, BRI S AR O
. BERBROBEBIN T, > 7, aANVAALE OFRFFEICL->TE
Baniz, [2]

4. BERERGZEHMIGEDZE

AR O LY | FRSNDHS O RHENSITENTHY, B
EE A AT DM T AL DRGSO B A ¢ &
72N, JEHR FE R 5 B i Hy (screening current—induced field;
SCIF) & Z U K DFES AR ZED AR biviz, 20 JRAELY
\ZED, aAOVERAEICE ST, O EZRE TS
LRSI, B LE — L@ RO aA VB K AANEIZD
WO, aAVERORS BRI D BA MR T HIET,
SO PR S TZ,

Fig.1 Photograph of superconducting AVF cyclotron SC230

Fig.2 Schematic of averaged field distribution in SC230
S E Xk

1. Y. Ebara, et al., NIM A (2023)
2. Y. Ebara, et al., NIM A (2020)
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Development of REBCO coil system for Skelton Cyclotron (Autumn 2023) :
Numerical analysis and evaluation of screening current—induced magnetic field

in 1/2 scale demonstration no—insulation REBCO coil system

g 2R, KW b, Al Bk (B, o B bR, fi i s (3 L)
Muku YOSHIFUJI, Kaito OTA, Atsushi ISHIYAMA, So NOGUCHI, Hiroshi UEDA
E-mail: yshfimk@fuji.waseda.jp

1. [ZC®HIZ

Fx L o BEEFIREOTZDO o it RI(2114°) fl
EH TR RER T V- A 7abkal (HTS-SC) | DB
&2 B L, MW REBCO BZEaA /VIZB I I %EE1T
S>TW%, REBCO 137 — 7R E L QDT | HA
NIRRT ET D FEI AL, B O & KIS T E
TG AN AT, — 7 ClEaRR (ND B i &3 -5
b MR 7 Ae D Z LR IANCH BRI, iR
MIEAET D, ZOMGIXFREHIIAEL, B E L IL T 720,
T35 % [RIREIZ 55 B C X DIl i B AT TIES LB L7
Do ARRGETIE, - A OZE R M i REBCO a1/l
VAT DOFFEEFIRDIDIC, BRI XD FH L
FENT 154 T SRR R Lo L - B A1 T o 7,

2. WA M5 EIE KA E R E RIS T T

REBCO 7 — 7 #M ~DREHIZ N %5 8 L 7= M i i hss
RTINS ATREL 72D 0N, aA VR F BN A TT — 7 #%
G 7 1008 08192 2 J7 18 CRU5 1) 43 E1 <5t 0] # (Fig. 1) %
VERCL . ZAVEARL TR 1) 5 1 6] B R B e R b AR AT 5 )
AT, K EFE TR THLL T oREFEA(D,2),3)
ZHN LTI Z LT NI aA /L DGENEZZE 35, FL T
BRI T ORREM AR AL, FHEA X IX A M
CHBFEEE IR (DXin HET W) ICEVEITHZET,
iR S AR AN DR RIS B BT D LN TED,

totalnum

dIGj RreiRsti

My =9 Tt g Ry =0 1
- ij dt Rrei+Rsti 0i ctifteti ( )

divy,
{Z(lei - Im)} Iy =0 @

=1
IetiReti — IegirnReraeny =0 (1 <i<divz—1) 3
Rrei = E(@)H x I @

rel Ici Ici 1

3. fEHTH

Alali, - FEMEOZE R B ik REBCO A /Ly AT
LORFEA T T D760 WIELTZ 1/2 27—/ NI IEGE
E7 /v (Fig.2) &5t R Ih R AR ER 21T\ [ AT
DI S AIRIT F 1% T2 3 B S & F2 B 2 b
LT, Fig.3 BB ED it b LT, A af C LA
Uit B O IRE P ZS AL D AT i SR 2 FEBRAG SR & bR L7 b D%
R BT AT FUETH EBAE R BRI —EL TS
ZENFERTET,

SEH

[1]S. Noguchi et al., “A Screening Current Simulation Method
Based on Circuit Model with Short Simulation Time for
REBCO Pancake Coils,” to be submitted.

IR, BAERIR T B8R4, 2P-pl6
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Sector Coil

Magnetic Field[B]

Width: -0.7m
Height: -0.3m

Tape width division v

L Radial
division 2

Coil Radial direction

Radial
division 3

Fig.1 Proposea bidirectional split circuit

Center Coil 1
- Center Coil 2

rd

s
rd

N ™ Main Coil 1
" Main Coil 2
Fig.2 Schematic of Ultra-Baby Skeleton Cyclotron

0.35 120
0.30
S 100
0.25 80
0.20
60
0.15 Experiment
P i 40
0.10 — = = Bidirectional split
——— Operating current 20
0.05
0.00 0
00 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0
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Time[s]

Fig.3 Time variation of voltage in main coils

7RF | AW O —E IR FARAFSE B (22H01478) 12

FotZ w5,
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Development of REBCO coil system for Skeleton Cyclotron (Autumn 2023)

: Mechanical properties of 1/2 scale demonstration REBCO coil system

R s, IUTF 2, hET BOR, R BK, & Sst (LR A1l ek, RS (RER); Br BRUER);
B A (PEES)) ; HH MR ; mE Sk (R ;7R It (NIMS)
UEDA Hiroshi, YAMASHITA Aoi, KOMAE Ryota, INOUE Ryota, KIM SeokBeom (Okayama Univ.);
ISHIYAMA Atsushi, KUMAGAI Rui (Waseda Univ.); NOGUCHI So (Hokkaido Univ.);
WATANABE Tomonori (Chubu Electric Power); YOSHIDA Jun (SHI); FUKUDA Mitsuhiro (Osaka Univ.); NISHIJIMA Gen (NIMS)
E-mail: hiroshi.ueda@okayama—u.ac.jp

1. [XC®HIZ

EHRABEE 2 VA7 abhay (HTS-SC) DEHIC
M, MRk oA VBRI S YOROIL 2o L #fififkiE %
WAL 12 27—V OEFEET AV TUBSC (Ultra-Baby
Skeleton Cyclotron) | REBCO A /L A7 A BIVEL, Rtk
FHMSEBR AT > TWB[1], BREFEETILH —HMEL TRAID
B B2 2][31L 7228, T 0% bkt L CilBRA =L
TWA, AL, TORH, FICOTHr —TlE -2
AINVEETG O R A EAEMRNT & OF TS 775,

2. DT HBIERER

1(a)lZ7~" 9 REBCO AV AT AR T 512
FoTAELDZU T REIANBREEICOT AT — ViR E
L CHIELZ, 2A/1i3 SUS & Hd REBCO /3047 —F 2
AT, SUS T—7 (JEX 0.1 mm) ZfEEXLTW5, £7-,
SUS #® YOROI #ifftEE N S TD, O 7 —T D
BlEZX 1(o)0RT, P o“SU” T B2 —a L 2&k
L, BUZIE#EE TORWA, [ARRIC T2 —aA L “SL”
LIERTIIERRLT D, BEFFLE T, 30 KETHEIE, 210A
FORMELIZES, B/ 2 —aA VT, 1) aA/VEICER R R
5,2) —ERTOTHN 02%, 3) BENIEGHTHHZLE
HAELZ[3], HIEDREDO—BIELT 04%D T A BB
Ni=t 78 —af VO REZ 2 1R, TD%, il %
RELZ2, FEOEmBIBHIsn, 22T, 1) SMFeEE
MEOX vy 7 OB, 2) Wik BERICLDEKS, 3) kS
BIEMEaAN DT —(KETEL T (B — R 23 E
EdE 2> CRBEFHF I B T2 EEIMERE) ,
REDERZE X -, ZHOOMEEDT-0D, ffiE2EiE LT,

3. FEMTHER

ANV AT ARG T L E B oAV RS A R
BRIV ER I EHEL, SR ARESEEIC LA DR
WratTo70, fEHTCIX, Wb ABE AN IS —IRET T
LTIE7RL, SUS 5 —7, REBCO #ibf D&t E% B L
BT L% V=, 72721, REBCO #b4 OFE e ki
(% 6 mm, FEHR, Hastelloy 50 um, #B#EEE 1 um, Z2EL)E
Copper 40 pm) IZOWTIEGRITEE L, AT &eL
Ti%, (a) YOROI #i&EdHY + M E 72 L, (b) YOROI &
HY+IERETR DY, (c) YOROI &L + ik ER 7L,
(d) YOROI #iti7e L + M B2 L, D418V EE X I, fRAT
FERER 3 1RT, (a)b)E(e)(d)Z 9 5L, YOROI ik
RS DR I DL TEREZMZ TNDIEND
Db, TORER, ()b) T, FHNEO B TOT A0
KElpo>TWD, —J5, (e)d) T, FIMEDEE N KEL,
YOROI D% HNR 7L, WREE IR LDIC N EBET DL,
0.017% DT HNAELTND, EBRFERIZESHLOD, F
7210 SREOERD D, HERIEAIAN DOERE TS
M DL DAEFFIZONTIEY H 535,

&

1. 2023 HFEFRFRIR L7 - BEEPEHMEBZE 2A-a01 (2023)
2. 2023 FEEZFRE L% MEE P A 24E 2A-a02 (2023)
3. 2023 FEEFRNE L% MBS P A 24E 2A-a04 (2023)
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Sector coil
Main coil

Current lead

(a) (b)
Fig.1 Drawing of Ultra-Baby Cyclotron and (b) Top view of
sector coils and arrangement of strain gauges. “SU” means upper
sector coil.
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Fig. 2 Experimental results of strain in Sector coils of SU and SL.
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Fig. 3 Numerical results of strain distribution in winding of Sector
coils considering (a) YOROI structure without screening current, (b)
YOROI structure with screening current, (¢) no YOROI structure
without screening current, (d) no YOROI structure with screening
current.
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Development of joint test equipment for mass production evaluation

B ®—, K& FW, &1L fizz JASTEC)
YOKOYAMA Shoichi, NAGAMAHA Hideaki, FUKUYAMA Kazuhiro (JASTEC);
E-mail: Yokoyama.shoichi@kobelco.com

1. [XC®IZ

NMR HE#E -~ 7 Ry MIE < OFEEO MBS R VD
NCHBY, ZNETHBE SRR A L TWD, BIEDO-E
EHHGITIT P AU A BN TODERS %, BRIEE AT
DB ORISR SIS M Sh D2 LR
EEI, A1k, ~ 7 T bR E S SREA A 24 G
THIENTHEND, 22T, AEANVE —2 T RTHL
CHEL R SRR R TR S B (Va1 b)) 7T AT
ZDMEE A BRI LT, ASEE T, BRIV — 3R 4 %
BTX 1 &2 100 TIORQ F—F =N HETES, F-,
B ORI S L LTI T & B TR C& 5 v &
AEL, FESMICODEFHMENTED,

2. EEFHMEASIAUMTANEBDER

PEFAE AL CE =2V aAr b7 AREEE (Magnex  Scientific
) 13, SRR IIED NMR 7 r—7% W a bk
BE2 IR0 AHT 7= BB o A L OREBEZEb AT Uik hi%
BHL QA ARBHSE CII R i CHEEE T 572012, il
IROB—VFH T E AN EBR A F 72210 HA
—H—0D | = V=T E ARG DR RIFEL BT,
BV — % NCIERT R AZ 35 2 & TR R REH &
ZAIREL LTz, Table 1 ITHERALTE & BRAFELE1E DK o & it L
7oo VaA v MREHZI TS LIS R E RS 2 FINC& 576
oAV HESIV, I KFIIRES 322 AT BLON3T
TD, Fig.1 [ZBIFE L=V aA b7 ANEE QP TES) DO
AR ESMBL G B T D, AKIEFEAA > T (PCS) 30D 1l i
BT TS AT L — T ICE S EE T D,
A DB LITMSE LR — L FEFIC LA BER BTl
TEL, AT ATA VGG DR L7 WSO BLE LT,

3. NUETIAV MR B O R

BT LI=YaA v bT ANERBIT, e R4 H DOV aA 2 MEREN
[FIRFRTA C& 7, 7038, 2 MMt D% &, 1 3ABHZ D 2
DEINTaA Rl bD3, 2 HES R UG PICiE<ZE T2 4
[FIRE DG A TG CTE, K 8 E DG A E A RIRFI AT RE
ThD, EEOREEEIL, 10 5T 10 PQ2FHETE, 4]
W7V —7HIEE A ARSI T A BR B E 0 DB
BT LEL TS, Fi2, 1 BFE T THIE LA H, 107°Q
LURARIERI 22 &N TET,

I, WATRES L RE RS O FMN TED720 ., RURE
WU DR B A RIE Lz, Fig.2 12 2 Fi%H0 NbTi #ita
Pb A& T Z Vafr MUTARE B O 4T & T B R
DT aA L MEFLOWISE AR ERS RA R Lo, ZORS
BB IHEIC, BFE 100A TO 10712 Q O ARSI,
WG 1.45T FREETHY, BB A MI A2
ST, ZOREFR N H OBEEFFHEIZB VTR IRE =
TNCEIFHEP LS, N A NOEFRIEDS 3 WITHIINTTERR ST
TWABZENTIND,
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Table 1 Specifications of conventional and developed joint test

equipment.

Item Conventional | Development
Measurement Sensor NMR probe Hall sensor
Sensor Sensitivity B 107(0.1ppm) | <103(0.1%)
Joint loop inductance 0.07H* 3x107H
Sensitivity (per hour) 1x102Q 1x1015Q
Measurement time (1x10°13Q) 10 hours 10 minutes
Number of samples 1 4(2)*

Sample energization method

Direct energization

**Numbers in parentheses are for vertical magnetic field measurement.

Fig.1 Cross-sectional diagram and photo of the developed
joint test equipment.

Fig.2 Measurement results of magnetic field dependence
of joint resistance of solder joint sample. Comparison
between parallel and perpendicular magnetic fields.
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Nb;Al Paste for Superconducting Connections

(IR

HHOBRAT, L TR (EERRAT)

TAKASHIMA Hiroshi, YOSHIDA Yoshiyuki, FURUSE Mitsuho (AIST)
E-mail: h-takashima@aist.go.jp

1. [ZC®HIZ

FRAR—ANIRD AN T B/ AT VR L&
W THY ., B IT e 1T 100~200 °C., £RRHEEB % 10
SRRETITOND, BUE b O —ANE, BB 52
M, R - BRI BT . N RU TR IR
HILTWD, Fxld, ZOMMEICE B L, SR2b32mI2%
TERFBARIE NDN (B & 2 7B R R — A DB FE ATV,
M OB E O A SR O BRI R B L[], At
TIE. NbAlZ W5 A — 2D VERLUC DWW TIR R B,
NbsAl DFBREIEBILE L 18.8 K THY, B-ZL T AT
EOHF T EAELLTHOIL TWAH Cieh B WO R IR

TH5(2, 3], FBEAAF TR LSBT R e, h1-Ees,

EHIROBEIRFEE AT, S5, Z0—A % | mm
MRED 2 D OHERE NbTi » 3 R O3 (2 i A LERHL O IR K
FHEFH T THE I 5,

2. EE&

NbsAl HREA—ZAMNT, SEEIRL 7R 40 1m0 NbyAl 4
By, TRXUBHE, A, B LA ENREERZ L,
ﬁ%_zm FHP—TFHEAL. e—/LILTIRBIL TH—

DI, F, BEXEPIT Y E R EEE
(Quantum Design, PPMS)ZHNT, 4 Wi 1EICIDIEE 2 K
735 300 K ORI THIELT,

3 MERLEER
(DNbsAl BIZER—RANZ KB EEER

NbsAl R RE AR — AR | JEX 200 um DAXL~AT%H
W, AZY—EIRIEIZEY SrTiO; (001) B S AR (2 B A
L7z, K& 180 °C. 20 5y D MEGEAL % D_—AFDESIE
150 um Toh-o7- NbsAl ~X—ZDOUHEZRITH 25 % ThD
ZENH 0T, Flo, XRD JIEDFKE SR, SrTiO; (001) H#E &
FEHR D (001) , (002) [EHTE—2E NbsAl @ (110), (200),
(210), C1DDEEFFE— 7 Z2HER LT~ (Fig. 1), £7-. FEb#E D
AR—2+DWrE SEM ZBLHIL SrTiO, (001) Hfs &b Foetk B
NbsAl ~—ARA[EAL L, SEFED NbyAl 7 47— 03B I T
S, ZLDOT 4T =BT AT 47— LML TV A EE
/L 7-, Fig. 2 IZEX 200 pm DAZNL~<AZEHANWT
SrTiO; (001) B dh Fe b Eic A7) — 2 Hl Rl [E Ak L 7=
NbzAl = —2Z M (JE/E 150 1 m) OEFTEROE LR AFMEE R
T, RIENHKIEFTEBNRBEREELZRL M 15 K
THEPLROBO B RSN, K 9 K TRy, &
{LEE TR T ZENY D4,
ONbTi &/ SR /NbsAl R— X /NbTi &/ Sy R iEE

S EEB L ORI —HIREIZLY NbTi #iFE-3y
R/Nb3Al~—A/NbTi - S R e 2 fELL . PPMS
&AW TRPUEOR EERIFIEEZRE LTz, TORER% Fig. 3
IR, 156 K 205 10 K ORI CIEUB A ERLNIR T 32
DT NbsAl _R—ZAMEIZ, 6.5 K TAMIIK T4 201 NbTi
MIEOBILEIRRB TIN5 2 SOBREIEB RS
7o ZRBORERIT, ﬁfﬁ%%ﬂ%T/\4XFEJ$$§@E§T§ﬁT
BT, BB | By u At — " — B miEar 2y
5725 3 DOBERFEATOFETTRGNCBENR D/ ES %
Do
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T T T
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Fig.1 X-ray diffraction (XRD).
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Fig.2 Temperature dependence of resistivity
of Nh,Al paste (¢ = 150pum).
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Fig.3 Temperature dependence of joint resistance
of NbTi film/ NbsAl paste / NbTi film

WEE ARWFTEO I =L — - BE AR G B %

1 (NEDO) OfEBIZEITONI,

SEXH

1. Takashima H, Yoshida Y, Furuse M, ACS Omega. 7 (2022)
47405-47410.

2. Wood E. A, Compton V. B, Matthias B. T, Corenzwit E, Acta
Cryst.11 (1958) 604-606.

3. Matthias B. T, Geballe T. H, Longinotti L. D, Corenzwit E, Hull G.
W, Willens R. H, Maita J. P, Science. 156 (1967) 645-646.

4. Takashima H, Yoshida Y, Furuse M, Cryogenics. 132 (2023)
103689.

5. Wellstood F. C, Kingston J. J, Clarke J, J. Appl. Phys. 75 (1994)
683-702.

106 20234 AL T - MEEY R



3A-p03

R - RIRPUR S

REBCO #x#f DB e B it LR R B L@

Critical current evaluation of low resistance joint between REBCO tapes
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EGUCHI Tomoko, ALBESSARD Keiko, HAGIWARA Masaya, HATTORI Yasushi (Toshiba Corporation)
E-mail: tomoko.eguchi@toshiba.co.jp

1. [ZC®HIZ

REBCO MBS COlE R BIREE N &L, B
~ 7 FybOiE H EEREBHIFFSI TS, FFIZ MRI <9
NMR [ O~ 3o b TlE, @B R EMESDT-DI2K
ICETERAS VB THY , REBCO #ibf Rl Losipikdiz 1
X107 QLT EL, BTN ROOND, ZIE
THEXKBLENE LI, A B8 REBCO ##f EICHKHH
TEICTRM LIRS OB B 2 Rk U, BB e & K HLL
TWB[1,2], EHIZTNE ORI BEFE 2/ A A T2 RS
IAMIEBN T, KABTFELN ARETH DI EH FEFES L
TUWA5[3,4],

AL TIX, BEREEMITEN 2B S5 07
W77 REBCO #bf % AV, [EETE E2Loay 37k
Te R IE CHER IR EE A TR IR T D28 MR SRR
VL% 10 A L OB EREESZEE HINEL T,
[ FH AR 2 OF F U7 B el 5 2 8 R LB BRI 2
FELTZ,

2. RERAE

7 Y78 GIBCO MM (a—FEMRL,
FYSC-S04,FYSC-S12) Z M\, 2 Rl ~7= 4 mm BRI ET-
NBHINNT 12 mm R CTT VYT Dan TR OB G
VERILU7=(Fig. 1), 4 mm MERROBEGER 7y B L N7 Vo ViddR=
—NExZ L, BEEEAZEHL WS, ET7VvV0B
EMEREIC, $EFE L LT, GABCO K & Gd/Ba/Cu g
To MOD IR ZIRA LIZATY —& A L RBELT=, IKIZ
BpilE e 4 mm WERREE R m S INE S BB A
800-840 ‘CTABER., BAH T =— N ERBI-Tz, MIEIRE
T U TR R Z R A E R ITIREL ., UFIEICTE
TR AT L7, F -8 O FK i /Wi % SEM (2T
BE EPMA (B 7 u—T7 ~A707 74 I TILEDT
L7,

Fig. 1 Structure of a joint sample

B AV T GABCO RE 113, FEdatEasm B aE
PRI CWD, R [F £ 2BERE L CRIT AR T2
IZ1% 900 CLAEDBERIREAMIETHY, MEERM 1S
145, —J5 MOD &EEE AW =R, 800 CRE T
MOD &35 GABCO 234 UERI O R EHERFCE A
(1], Bt IE S AR E nm LI BEIRE 24512\,

AE OB B LT E 2 A S D HIET, MOD K
MHARR LT GABCO ki 1-% 1L T GABCO i - [Fl L2358
B ORI LM AR A L, BETR B L CIRIRE RIS

— 131 —

RIEL CHHBEL A B 21537, #Eh R SI3ATY —
R EE LU AR JTVRICEY 5-20 p mFRFELA2Y . MOD VAR D 1%
FHWGE JOBER L Thd,

Fig. 212, (BEs I O H SEM Bladg 2R, #i
O EEMA W E AR BRI N EETHDH,
B0 N3 B 72 ZE BRSO HRL TN B T2 | #EfeE N &
THEMCHET =— LN TELELE 2 bND, Hts
BlaAge, MET =— /L LzdE, B BIrmici VT, Gd,
Ba, Cu, O ® EPMA LR #Hra i Zeo7z, #kiE otk
ISR BEEROTTRILLFASETHY, ThbbiERES
&3 GABCO MR E A THEMRSN TWDZ LA MR LT,

YRR 7= 8t al Bl O IR B ERF % Fig. 31T, BIE 1
wuV OEGEZ G B E LU T, L= 31 A Th-olz, Bt
FBID L1E, GABCO RiFDRIEESORE ik . He 82X, BE
PRGN ARIET D08, 5 DOFET 20 A LLED L1ME5
NTWD, ZDIHNT, FEF IR AR OF R Lo i Bt 12
T+ A O LPELNAZEE R L, A%ITE5R5 1
Da) &, WS E IR LD S R AR IR T
TIETHD,

Fig. 2 A surface SEM image of a joint layer

Fig. 3 IV characteristics of a joint sample
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Angular dependence of resistance and critical current for Bi-2223 superconducting joint

®HE R, VR JC (NIMS); HIF B, ok HAI, Tl E— (F¥X); ko 1= (NIMS)
TAKEDA Yasuaki, NISHIJIMA Gen (NIMS) ; NAKAI Ukyo, MOTOKI Takanori, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.) ;
KITAGUCHI Hitoshi (NIMS)

E-mail: TAKEDA.Yasuaki@nims.go.jp

1. [EZC®HIZ (@) e!'sSample rotation (b) TLoop
Fex 13 Ag 2 —A(Bi,Pb)2Sr2CaxCusOy (Bi-2223) £ #ibT \ BE—Current sensor using
({EACE T DI-BSCCO®) DB {mE 6 OMFFEPHFE T HHL ; Hall sensor Bi-2223
! tape

ATE[1,2]e ZHETITIEMITRRI OBEEHE A TR
EAWAEN (lg) HAROEGED R) 2RI, #iE
X, 1 RO Ni &4t (DI-BSCCO® Type HT-NX [3])
DA BREEES LT P — 738D Ry &, Fx H3BA%E
U7 B B TR R 1 [4) % O TR R A S L7251,
o (3T, BB ARG 2N T ED AT Yy e 7
e ZDIGEITE AL, A RS LI LT, #4812
N DEEBO I ETALSEDHIENTED (Fig. 1(a)), A5k Fig. 1 Schematic illustration of (a) the experimental setup and
BT, TR % O TR TR IE I LT L2 Bi- (b) the angle of the magnetic field, & [6].

Three-turn loop
fooof| |

»Split-pair magnet Joint

Ny

2223 ARG D Ry & | O FERTEE[6]& #E T 5, o Rotation

2. EEBAE 7 T T T -10
Bif [H] O ¥ £5 [5] 0 i@ Y . DI-BSCCO® Type HT-NX (E & 22p @945 T 1

1.6 m) OfiMEEBEEESL, 3 BEEOD Bi-2223 ALV—7

B (B 100 mm, HOALF 7202 (L) 1.4 pH) Z/ER g

U7z, Fox DB LT B B IRPTRHmEE E 4] VT 4K 1T

B BERBEERE T 72, V—T OHLCEELT-4= 180

ANEHNTOV—T"EFE (loop) ZRRBHIFEEL . lioop DIRFIE 160l

IRTFME (loop—t) ZFH 77, lioop ¢ eXp(—RiU/L) 1T lioop—t HIAR

BTAT AT THIET R E R -T2 E5IT oot 25 220

TEIE V = —L(Aloop/At) ZFHE L, BBIEEUE Ve = 108V T Iy

EIRATe, BESGENINAFE 0 1 Fig. 1(b) 1T IOICEREL, 200

90°/°5 0 DT B LB A FHRES T, #4512 0=90°,

85°,80°, ..., 5°,0 DR (B) #HIINLT=, < 180

3 HRLER 2 s
Figure 2 |7 4 K, 0.15-0.28 T TO Ry BL T 1g D EKTF 4 160} ain - i {1071 5

PEZIRT 1 I3 90 THIIFAELTE lioop (220 A) LVIEVMEZ 2 . : — 1 s,

FayhUi, S EIEY 1g 25T<, SUBH7 Bi2223 by n 220} (€)025T Toe

R DRE BT o7, R (VEHEH ()R (i) @S =

3 SOREIBUTT BILTZ, 90°UTEE T 1 > hoop DT R; 200

ORI DIz, 6 23 0 1T E 1 AMELZ2Y lioop D

l WX DEME (loop/l) ZSBIMLIZ728D . & Ry OFEE 180

(DA HER TE 7=, FEIGH T, K9 3 KD Ry DEEB A VB 23

NIz, Ry BT 54 BRI Ko C RN, BEE It 160

T DRI DT 7Y Bx = Bcosd 1% 6-11 x 102 T THFICE
LT ELNoT, BEIDBERIZEY By SHIMNL, 1 2ME F L7z
LT, AR loopl/lg 2L, RS EFLEEEZLND,
EiFE:
AT FEILIST A AL Al 1E HETPMIMIN7A2:43 L UUSPS
BHFEIP22K 144820 X 5% T 1=b D TH B,
SE 0k
[1]Y. Takeda et al., APEX 12 (2019) 023003. [2] Y. Takeda et
al., SuST 35 (2022) 02LT02. [3] T. Nakashima et al., IEEE
TAS 25 (2015) 6400705. [4] K. Kobayashi et al., IEEE TAS 01 deg.
30 (2020) 9000204. [5] Y. Takeda et al., Abstracts of CSSJ
Conf. 105 (2023) 110. [6] Y. Takeda et al., SuST (in press).
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Fig. 2 Angular dependence of Rj and I¢j at 4 K for (a) 0.15 T, (b)
0.20 T, (¢) 0.25 T, and (d) 0.28 T [6].
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Persistent current measurement of a compact size of a Bi2223 coil
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1. [ZC®HIZ

NMR P EEY =7 ClI K& ek A ST H72DIT K
BIAETEL TS, KABRIE KA ERD NS
O HEEBEHOBKIBEIFSN TN,

LU, BI2223 MBI S ITEEHRE P THY,
BI2223 #A BV THAERIAMTERIES TR,
A OB T JIM IENNC I BA TR BT DS 50A Al &
2o TWNA,

ZOIHRM RIS FOLEIT, AFFETIE BI2223 #4AfI2X
STERLZKAE {}lu:l/l'il/@?f&#%@] L= TC,
FEYATHRETHTETHD,

2. EEBAHE
BAHEAE T Ni A4Afish Bi2223 5T —7# T,
T L L DA% Table 1 1R,

Table 1 Specifications of coil sample

Tape type DI-BSCCO
Type HT-NX

Critical current of tape at 77 K (A) | >170

Filament number of tape 121

Length of tape for coil (m) 4

Inner/outer diameter of coil (mm) 50/53
Self-inductance (mH) 0.1
Insulating material between turns

Kapton tape

K FEFROWIE J71E1E Fig. 1 & Fig. 2 1ZRL, KA ER
ALy FHHAL TN, 9, IANVRERERIRNER IR
LCEMAILIZ (Fig. 1) o IRICHEA A EEIRREICL T
BIRRAYIVEEL 7 (Fig. 2) , ZlcaAmiciiiniilr—7
ERETAL PR — L F Lo TE L,

3. EERHER

Fig. 3ICHIE LIzaA VORISR EE R LT, IefD 2
R CEIROMENRIRIAL T LIz, Dk, EIITRER#R
BEHLITR 2 IR T L, 24 BRREI#21TI1E 21.2A LTz, 20X
H7RFE RIS Bi2223 AL TiE 77K T 20A FRE DK A BT
BT e kT, Fig. 3 O ABKIIRLUTZEIIT KA ED
B2 D 156~30h DRET 1o T 4 7 LT hb S, Rtk
3.5X107"MQTH o7z, ZOLH7fHIEZNMR 72 & Ol HIZ AT BE
RETHBHEE XD,

4. F&H

VEBLIL 722 A AT DUNT, L — B C OB S R 2
U7 R BRI H ITIRWMEAS B, F2, did
T-KNEFROMIL 20A LU ETH7228, A RO R ER
2 50A HitE CTHDIIELEERETHEAH M ESHLHMLEND
Do

5. &3k
(1] 4 H, sk, fMEh, £E, [EREmE
WA OB A R L O 1%, KR 2018—184184,
2018. 09. 30

— 133 —

Joint

/14— UPower supply

Fig. 1 The first step of the measurement method of
persistent current.

Fig. 2 The second step of the measurement method of
persistent current.

Fig. 3 /-t characteristics of a persistent current coil.
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Analysis of obstacle for REBCO long-length coated conductor based on
reel-to-reel scanning Hall-probe microscopy and machine learning:
comparison between classification and object detection algorithm
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1. [ZC&HIZ
REBCORRBIRE 7 — 7 fkf 0 22 i) ) — 1 1 52 A 1 RE
BRDONFTBNRTA—=EZD—DThHbD, MIBITH L Th
T %D KMBIZBWT S, BERRFTENEFNEL
L2 EDEH SN TWD[], BREM 08— &
LCBERS HW BTV D, TapestarMiZfR&E S D
AL O GRS A LI E TIE . 85 T O ZE RGO R 2
& o TRATHI 72 B S DA T ik 2+ 2 T & 220,
B2 T RATHRICB W T, T — 7 HWN OBALE T E
Q) OHA % ERBEICEHIITE 5 Y — LA EER R
— VR TRERBARMIE AR 5 LT, & O ITHER
FEAEEAT D L CEMER BRI L7122, 3],
BARWIZIE, JEBIC BT AR — oA 56454 Uff%é
WE4SHE (Classification) EF /L&, BIRAK FHEM (R
AA ) OfEERE I ZHBET 2B (Object
detection) EF /VEBHFE L1z, ARWFFETIL, WH OB
%?/bd)ﬁ’i*ﬁﬁ"%%%ttiﬁ?é:&T\ ZTNEND Y
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Length of obstacle (mm)
Fig. 1. Statistical distributions of teaching data set for
training classification model.
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200 H 1) Isolated obstacle : 1961 il
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0 & .
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Fig. 2. Statistical distributions comparison between results
of 200-m-long J-map by classification model, and object
detection model.

Isolated obstacle Cluster of obstacles

B | e —

Isolated obstacle
————— p—

T g | e e—. -

Fig. 3. An example of J-map with several obstacle regions.
The J-map was categorized as large by classification, and 3
obstacles were detected by object detection.
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T, 130A & 117A THD, ik 10 AREHufxL CRifELT-
100mm FEDEAREL -, EROWrm~T 1A, 18 4mm, JE A

Fig. 1 The setup of the system to diagnose soundness of the
large REBCO conductors by the proposed method. In the
primary experiment, only left side iron magnet has been
used, no cancelling has been carried out.
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Fig. 2 Measured Lissajous diagrams corresponding to B-H
curve of samples.

Fig. 3 Magnified measured Lissajous diagrams of samples at
the origin. The differences between samples 1 and 2 were
observed.
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Fig. 1 Circuit diagram of the pulse current source
using supercapacitor and current regulator for critical
current measurement.

Fig. 2 (a) Wave forms of current and regulator voltage
during pulsed currents from 1000-1500 A. (b) Wave
forms of current and voltage in a REBCO tape at 20 K
and 1 T from 1000 A to 1600 A.
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W EE L,

SEHE

[11Y. Miyoshi et al., Physica C 516 (2015) 31.

[2] C. Barth et al., IEEE Trans. Appl. Supercond. 28 (2018)
9500206.

[31Y. Tsuchiya et al., IEEE Trans. Appl. Supercond. 33
(2023) 8001105.

[4] K. Matsui et al., Rev. Sci. Instrum. 92 (2021) 024711.

106 20234 AL T - MEEY R



3B-a04

HTS J ATt

BERKMICE T 5EREEEROFIER O BETRIRES

Analytical Study of AC Loss Characteristics in HTS tapes under Overcurrent Conditions
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Table I Specification of ReBCO tape

Critical current (A) 200
n value 40
Thickness of Ag layer (um) 1~20
Thickness of ReBCO layer (um) 1
Thickness of Hastelloy layer (um) 50
Conductivity of Ag layer at 77K (S/m) 3.46 X 108
Conductivity of Hastelloy layer at 77K (S/m) 83X 103
s(um)
1{um)
50(um) Hastelloy
Fig.1 Numerical model of ReBCO tape
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Fig.2 Transport current balance of each layer under
overcurrent conditions
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Fig.3 Influence of silver layer thickness on current balance
and AC loss characteristics
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Research and devel opment of surface resistivity measurement of high-temperature superconducting
films using one sapphire multimode cylindrical resonator for international standardization (1)
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Fig.1 Schematic of the one sapphire multimode cylindrical
resonator. The upper film is omitted from x-y plane.
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Fig.2 Simulated frequency response of the one sapphire
multimode cylindrical resonator.
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Fig.3 Simulated electromagnetic field distribution of the
one sapphire multimode cylindrical resonator.
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Influence of edgewise bending to critical current of BSCCO tape
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Fig. 1 Edgewise bending jig
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Fig. 2 Bending load dependence of critical current
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Fig. 3 Bending load dependence of n-value
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Fabrication of ring-shaped REBCO melt-textured bulks with various inner and outer
diameters by the Single-Direction Melt Growth (SDMG) method
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DyBCO % L < I YBCO Jif&{k~<L > k (JE & 10-20 mm)
ZERIE L. seed plate ® T, LA F CREfE S &5 Z & TA
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FEE PRI ARARE L 0 15-20%I00H5 L7=28, U > 7R & #E
BLTRBUEARAEDY 707 OBEETRIZKD)
L7, WER, AMR RS DR ) v 7307 OFeE%
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Brmax 23 LW, TRDEFEHHR Y o FNOEE N
1P Aecm?2 BETHLZ L 2T, ERLEZWTho v

— 140 —

7Y Bree &RIENENE ERAHIEES 2L TED .,
SDMG {EDEEA 2NAMED U v T3V 7 DEEBRRICH
HTHDHZEERLTWVD,

DOD 25ID OOD 200 OOD 15D

‘ 20mm . l

Fig. 1. Appearance of SDMG-processed DyBCO and YBCO
melt-textured ring-bulks fabricated using ring-shaped
dies with outer and inner diameters of 50 mm and 25—
15 mm, respectively.
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Fig. 2. Calculated trapped field, Brcarc, at the center of the
ring-bulks for various bulk sizes assuming uniform
current density of 10* A cm?.
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Fig. 3. Relationship between maximum trapped field at 77 K
inside the ring of the prepared bulks and Br,calc.

[1] T. Motoki et al., Supercond. Sci. Technol. 35 094003 (2022)
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Fabrication of single-domain REBCO melt-textured bulks on SDMG seed plates
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[1] T. Nakamura et al., J. Magn. Reson. 259 (2015) 68.

[2] T. Motoki et al., Appl. Phys. Express 13 (2020) 093002

[3] T. Motoki et al., Supercond. Sci. Technol. 35 (2022) 094003
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Fig. 1. Schematic illustration of the SDMG-processed
RE123 bulks with entirely a- or c-grown regions
prepared on Eul23 seed plates.
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Fig. 2. Photograph of a SDMG-processed all c-growth
Y123 melt-textured bulk grown on a Gd123 seed
plate which was also prepared by the SDMG
method.
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Fig. 3. Trapped field distribution at 77 K of all c-growth
Y123 (23 mm¢ X 14 mm') melt-textured bulk
grown on SDMG-processed Gd123 bulk.
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Evaluation of trapped field characteristics of K doped Ba122 polycrystalline bulk
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Fig.1 Powder X-ray diffraction pattern.
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Fig.2 The temperature dependence of trapped field.
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Evaluation of pulse—field magnetization characteristics of REBCO bulk magnets
with shape—modified soft—iron yoke
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Fig. 1@IZEMaAVETOAHT T2V 2 PEM VA7 LD
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%, 2 Bt GM % (RM20, 73y 780 THEIL, 1R
Hedim T 20~50 K IZFR#ET 2, FIREICHWNT 3.9~
6.2 T OV ARG (ST FRFRE] 10 ms, 27 VLVANE 100 ms)
Z 1 [EFEVINL, 3B O REIZ A S oAk — 4
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Fig. 2 Comparison of total flux between GSB and GSR
arrangements when using a cross-shaped yoke
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Fig. 3 Schematics of the newly designed soft-iron yokes
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Numerical analysis of pulsed—field magnetization characteristics of a holed bulk magnet
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Fig. 1. Photograph of top and bottom su;"faces of GdABCO bulk

pure-iron yoke

SUS ring

small hole
filled with solder

REBCO bulk

rermendur voke

Fig. 2. Comparison of total magnetic flux between top and

bottom surfaces
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(b) no—hole bulk
Fig. 3. Comparison of three-dimensional trapped field
distributions between holed—bulk and no—hole bulk
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Fig. 4. Comparison of time responses of magnetic flux density
between holed—bulk and no—hole bulk
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Evaluation of Critical Current and Surface Magnetic Field of Superconducting Cable
using Finite Element Method
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Fig. 1: Superconducting Cable Model.
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Fig. 2: Cross section of superconducting cable
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Fig. 3: Critical current as a function of the number of

broken strands, (a) destroying the outer layer (b)

destroying the inner layer.

Fig. 4: Surface magnetic field generated by flowing current
in damaged superconductor cable, (a) destroying the outer
layer (b) destroying the inner layer.
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Table 1 Comparison between MC and Bolted connections
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cable by RE-based coated tape in undercooled conditions.
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Fig.1 Magnetic field dependence of critical current
density at 77 K and 67 K. Symbols show experimental
results, and lines show approximate curves.

Fig.2 Photograph of single longitudinal magnetic field DC
superconducting cable.
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Fig.3 Magnetic field dependence of normalized current-
carrying capacity at 77 K and 67 K. Symbols show
experimental results, and lines show designed values.
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Table 1 Specification of the superconducting cable system
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Fig. 1 HTS tapes and their solder connection part for the
short—circuit experiment
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Fig. 2 Critical current and connection resistance
measurements of the solder connected HTS tapes
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Manufacture trial of new helical flowmeter for liquid hydrogen

and measurement of strain on the flowmeter surface
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Fig. 1 Photograph of a test sample.
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Fig.2 Relationship between pressure and strain
of a test sample.
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Fig. 1 Configuration of the two—phase flow test equipment.

RARA=Z—=THELIZRARER o BIOERITRHBSE
e AR O RIEIRA T B 1X, £ (1) BLU(2) T
FH 5,

CorERIEA R Co PR Cu IE WA
QueHEAR IR B Qo: SRR

WAL TR /K FEAAZ ARG O RENIR BT, 7T AT AL
Bl &R AT 2 VT84 9% (Fig. 2), AR
TEBLAET, i 5 B ZET v o N — RIS I T DT 0 T S
NTWD, 7eds, AT AR HMEELE 13, Fiik K- $niE b
MZFRE FRIE THIMATELLD, [ TEOMIEL LI,

Fig. 2 Observation of two—phase flow with the visible pipe.
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Fig. 3 Capacitance of liquid and gas single—phase.
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Fig. 4 Comparison of the void measurement among horizontal,
upward and downward flow.
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