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1A-a0l1

SCSC r—7 v

SCSC—7JIILOMEFEAFR DS (2024 F£&F) (1) :

EHBRELSEORRA
Progress of R&D of SCSC cable in spring 2024 (1):
Overview and future perspective

BE (W2, SIES Al GOR) s TR HEK, JR 3€fn (R FE ) ; A AMf (SuperPower Inc.)
AMEMIYA Naoyuki, SOGABE Yusuke (Kyoto U.);
TEJIMA Yuta, Hara Hidekazu (Furukawa Electric); SAKAMOTO Hisaki (SuperPower)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [FL&IC

Tz 13, KRR L T S A N BB RS A A TH
% SCSC cable (double “SC” cable; Spiral Copper-plated
Striated Coated-conductor Cable)DHFZEBA & & D TN B, AN
FEFTIE, 2024 FHERSIZBITHES O L4 % O R
WZOW TR 5,

2. EHOME

2024 45 3 H £, JST RS AIE 3R F iR
WFFEEL T IR (=T ) LUV ORF3EE T L7, 5%
WFZED R ETIE, a7 20 =T TA R TRBISE SonllEs
BT, ZOFVITEM B EWD XD, BRr—7 AR
WaEHWTEY, RS+ F ANV TORE Y —7
N UIMERLTE D 7=, UL, BRI, MERLE ISRl D7
W — L ks U— L TR D7 — 7 AR DT IZEA
LRV —T NVEERIL T, Fig. 1 IZERLL 7= SCSC 7
— T NVONED— BT, ZOr—7 %, B 3 mm O
T DJEAVICEB 3 KO~NLTT4TANGE 4 Bloh
T2 TRWEAVER 4 mm D7 —T7 )V ThD,

SCSC 7 —7noariL Tk, A EE VDI EN
TEBHN, FlTiE, A UAB I ARG & PR 2 P73 S 72 S 6
a7 FRMEITEN RO T 2 FRICEAL WD, b
DELLEANTYH, Fr—7 VUV RiOBIREFZERRITH T
R T =ERinb = A YA AN G Vi Al % g (M = Y R et 3
TWD, LIS EZ /R T EZBIL, Fi2, Ha7 2V
r—7 NVE AW T o7,

F. 4 Br—7 v EROCCHITEERRARIKERE T T
{Tolze F—7 Vo TH%OEMREBIZBITE T —T V0 VI
e, BT OIS bR T ER . RERINTRNL/NS2
P I Qs r =7 v Vo BtEE Lz, £ 0
FEL RS 20 mm ECHITCH vor Rk (BB R O
EFIREEALE RNk o7 (1A-a02 THE) , RIZ, B
HHL LR, $T— 7 2 RKODRERRS WA B r — 7 V& v
T, T 25 mm D 1 Z—2 DFOOSYAZXDI=F
2T RNV ERIELTZ, ZOBED ., BRa A/ VRN
bED VI R (BEREWR) X, A ELSHTIOr —7 L0
FREHB L UIEAL IR F LA o7 (1A-a03 THA), £
72, SCSC 7 —7 VORI 2527 OifyEFiiE LD
FEERRDI-DIC, FixleaT7 B AOCTERLT: 4 Br—
T NVDORACR R Z L2 (1A-204 THAE) , 51, 2ALIC
BNOREBO AR K AT T 25— HEL T B/ 74T 4
VMR CHERIL 72 AR T VER TR oA L D AT iR
B FHELCUVNBN, 1 F—2 T LD XH7RE R E 5 ARG R
NXE AN T BRERIITE eV, 22T, Fo L
H7RAA IV THEEET DO YIN L) BB A L D%
FEIToTNA (1A-a05 THAE), £, IAEBNTENR
ZHET 5 SCSC 7 —7 TRV CIIEIR TS R 220
BFDHOT, TR OV THIFEEHED TS (1A-206 THE) ,
I TR T, 77— VIR B O Stk & Ao s
AT VAR DR PE O BRI O W THEER IS AL TV
% (1A-a07 THE) ,

717

3. SROEMR

2024 = 4 A76I, IST BRI ARG AT FoHE = 3 S iy
H—R =2 — 7 VETBA%E ALCA-Next AHEAFFEEL T,
HRL A~ L~ UL~ BB LTI FEBI R ICE FLC
W5, TR ARKSHIFSE T, WFS0RH 38 E R iR Hl bk Fe L, SCSC
T—7 VORI RHD AR EK ., KERA R, LA ML
HF BB BRI DN T, SRR A VA fERIL T
FET D, SHIC, AMEHFZRICB N TaA L EL TO R &
L7 D REA RYEZ T, SCSC 7 —7 )LaA /L (SCSC 7 —
TIVTERNZA L) THERSN DI O FHFRTTHITY, A
AR IE DR R % £ LI HFFEB RIS &0 | Sk iziX,
SCSC 7 —7 N aAf )V IriA T2 B s B R RV X — R/

JERIE , BAREE— 4 FEINEEE R E OB JEZ ATEEICL

BB LY —OREE A EbE@E LT baEHE
FHI, B & RESH AR OZN R EEBL T, h—ARr ==
— MR FEBUCE T A2 BT

F2, EWNA OIS IFSBI L EHE LT TR DB HIFIERH
ZERLTWL, —FlEL T, Mz T —2 OMeH5 51T
STNWAEY Vb BT REFBLERE R T R Ze 22
FIZRERE R AT MEIE, B/ 74T A MR TR S U=
ANRAGNVERE TR TERL, ZhE AW Ty =Y b
VBN KT NVEAERIL , Z ORHEF A TO R
THb, ZDIED>, SCSC r—T NRED ) —a T, ¥
FE A AR RIS TR 23 0 B C AR IR A S I R & A
% CS aANVEARDY T o —T R0 BB RE BE AN EER
SnBMERR A~ Ry b~DISAB MR TED, HEITON
T, BRB IS D FEE O A OLE T, TR X
— RS SRR o — L R N — oL —[E SRR, 7
N7 ~T U ESIRFGEFT AR L LB U CRIFSE 21 T Y i 4 1k
HTVD,

HiEE

AT, IST BERKAOAIENF FoHEdE F3E Sk —R
v =a— M7 VB % (ALCA-Next) 7 7 > b 3& =&
JPMJAN24G1 (JST KKt S AlEF X770 E =
JPMIMIIOE) DX %% T 12D TH D,

Fig. 1 SCSC cable fabricated by using reel-to-reel cabling
machine.

10718 20244F B HFRR 4% -

HEEAR7ETE R

A



1A-a02

SCSC r—7 v

SCSCr—7JIILOMEFAFRDE (2024 F£&F) (2):

HE (15 BR
Progress of R&D of SCSC cable in spring 2024 (2):
Bending tests

TV 2, @i B, BT IEA, B A, lE Mz (RK)
HIRANO Takayuki, TAKAHASHI Akira, FUJIINO Masato, SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [XC®IZ

SCSC cable (double “SC” cable; Spiral Copper-plated Striated
Coated-conductor Cable)a AV TaA /L&D, D
I RHEIC DWW T DR RSB ETHD, SCSC 7 —7 LDl
FERBRIE FLIZO T, ERFERICOWTHRE TS,

2. =T IILOHIT BB

SCSC 7 —7 /WIZEWTIL, &Ra7 (BIfEOERELL T
EAE 3 mm) DFE VI~ /VT 7 4T A NEERRA HBSAAT 1
PRIEIIN TS, m—T7 VDT L@ BEMEIC OV TEZ
DE . T AT OBM D, BT, 7 —T LD
HFIZE s TR LI LI, ZOWEERENE DIHITEL
THPBEERROOEDTHD, £z, #hiF O P TRERERR
MR BT 5 F T — 7 a2l L, SR A3E 7 m)
BRI D FREMED DY . DG 1T, DN E R ED
LT DL TED, &HI2, SCSC 7 —7 LT, </LF
T AT A MR N B B TWDD T, SMAlDJE D
B DINBIOJE ORI Z R L, Zhb BT 7285 6 O,
OWTCITIBE RSB 5 X D RTRENED B D,

3. RROEEFRI-OBEERE 1 KOAEAET—
JILBh TR ER

RERK DRFFE 3 F 2Tl 10 74T A MBIGER 1 A 477
—72 K'C%Ekéﬂﬁ{m@%%ﬁﬁf@Q BRI L DI A
BN T, AL TVIGIR ORI 13— T L D T Ik
WEBIZHI M S 7B DWW TR, #8820 mm THIE
&t/uk BERIEICHIERHRLNIRNW EERE LT, 4RI

aNPAN=E e iéﬁﬁ%buifc%#f@@ﬂ?%r&%

ﬁm@ﬂf%mﬁwﬁ THRDE=DIT 4 Br—T10 12
AOFDHE 1 JBHD 1 KZTFH 10 745 A NEIGEET
o> 11 AT —7Dr—T7 0 2BRD 1 AZFHR 107
4T A NBIRERRE T 11 AT —7 O —7 v Dh 7‘
REREAT 7208, Wb, #ER 20 mm LR T, IE
AEBEREICHIERBENIN T EEMEN DT,

4. £THEEERHOERIND 4 B7—T L OBITHER

WIS, B8 10 74T A NRIERR 3 K, 8tk 4 o —7
NDOITRBREAT 72, 7 —7 %, i 20 mm Till
FChH L MR LSRR LW ISR EF SN WD, r—T
VDTSRIV A 7 OB 2T T, E5i2, i
AT OGRS e A FIEE L 7SR AR, FBIEX
oS E LT, ZOIEN, ANBORBRER 3 KDOENZEHIThH
DS 7 S EEA T E LT, Fig. 1 (T3 E512ih
FUZR DTS iR A NRER/NESL T, RIRE
FHPCHEE %r&%nfrﬁﬂbho Fig. 2 1Z1%. bobb i mEn
JNEUY 20 mm (TR0 L E DR RT,

AT ORNIRALIZBES Y7 J:D(E'Jﬂibt CEARSVIRIN

ST NEHD TAIA IS E RN D EIRO I LD EIIC

B3 D8RR 2 LB W E A2 W2 E R — BT
% Fig. 3 1277, B 88 20 mm £ CHT THIZEALTE
ERMEIIZEL TR, — 07 RANEORBZER DL 1
RIS 7247 CHIE LT BT, #2828 20 mm D
LXZ RNV — T VERMENSEEN LD EA3oTz, Th

727

I, ZOBMAFOL, LT, RALNDRRICEAZD
n‘%v\ﬁlﬁ“é EROEIMMIERTHEE 25N, WTNT
HHMIE, FRROEFTDHE TERWTZDRHTHD,

SiEE

AWFFEIL, IST BERS RIS JEHEdE F 3 Jeimnoh — R
v =a— M7 VB % (ALCA-Next) 77 > b 3& &
JPMJAN24G1 (JST Kkttt S AlEFEI/ I E =
JPMIMII9EL) DX EE% 1T T-H D THD,

(b) Cabie et using bending jig B
Fig. 1 Bending cable using jig.

Fig. 2 Sample cable with bending radius of 20 mm.

~1000, ; : y
">E —— Straight cable |
= [ —— R=50mm /
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b I [ )5 mm
€ 500 |- i
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©
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Current (A)
Fig. 3 E-I curves of a four-layer SCSC cable at various
bending radii.
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SCSC r—7 v

SCSC 7—J L DMRFRAFEDEH (2024 FF) (3):
SZFaT7HBEOMIILDEE
Progress of R&D of SCSC cable in spring 2024 (3):
Trial fabrication of miniature saddle-shape coils

BNE Mz, b &7, SF e, SI3E A R)
AMEMIYA Naoyuki, UEGAKI Hiiragi, HIRANO Takayuki, SOGABE Yusuke (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [XC®IZ

SCSC cable (double “SC” cable; Spiral Copper-plated Striated
Coated-conductor Cable)DF|ZD—21%, HHWPB HRIZZE
FHNZHH T BT LM FIREZR R Th D, ZOF R ORRFAED H—
HELT, FOOBICEHAY A RDI=F 27 Rl A V%3
ELT=D T, #iET 2,

2. BIEEH 1A HT—T 2 A oERSN-EREF—D
IWERW= 1 2—U8BBO/)LOFEEHE

10 74T A NBIRERR | R-07—7 2 KDk ingz
HE r—7 NV EHEL, 2O Fig. 1 1R T IS
AT OB H BT e, #7347 O HITHR A LTSk
\CEDBEX YT I VTL, VT4 THY | ABIRERRISMA 112
S 7-BIEX Y TN VT2, VI3 Thbd, Z0r—7 &
T, Fig. 2 IZAMBZ R T X570 1 Z—¥la Ve THRXIC
JOBRIELTZ, A /VERIC BT AT ERIE 25 mm Th b,
F T —TNEMEZRMNEG, 3D TV H TR X
DOWEZITD DI TR B LT, 77— T D37 13k
W CTHDHID BRI 5 LM TE L | TR MR EF
Sha,

EHRBED A —T L 1 Z— o RN TR ED
=7 VOMEREEY IRERERFIZIB VT, VT1-VT4,
VT2-VT3 % VTl ~7=, Fig. 3 (T892 VT1-VT4 12L&
DRE L= BRI A T HOIZATZITERTHEE 2D
NDBRNZ BT DN EENDIN, ZhEFlEEDL
VT1-VT4 OELEE VT2-VT3 OEJLEILEL KL 7=, Fig. 4 12,
=T AR OBARERR D E-I 1—7, BT —7 10
E-171—7 YR af NBEEGD E- 11— & LT, 7255,
ZOBRITNT G, Mol (BN ESHT-VOET)
ICHR LI ChHD, ZOXE RHE, BRIaA VBN T
BERMEIZIFZEAELIEL TN RN,

3. EBHT—T 3 A x4 BOEES—TILERL:=34
— VBRI )L DESEICLDHE

WIZ, KV FERRESR T EOBE A2 R4 5712012,
BRBORHT— 7 3 ADOAE R END 4 @R —7 VR
T3 XU BRI VARSI IR U B E U, BIEL
oA VOB ER % Fig. 5 (R, IA/VIREICHIT DM
FHRIT 25 mm ThHD, 7r—7 TS 72k HAEIINL 7
M5 3D TV TR ERIHERESE, 7 —T7 Ve
SHBEZ I > T Te, BRI, 70 RRBL L7235
KX LT, COBREL, r—7 A 0a 7 IHKEH TH D20
PAVEZS L . BEHICI » TN S L, TR DM RS
NWTWBERT- D305,
B

ARWFFEIX, IST BEIKAOAIEMFJoHEdE F3E b —=R
Y=o — 7 VB % (ALCA-Next) 77 b & &
JPMJAN24G1 (JST Kkttt S AlEFEI/ I E =
JPMIMII9EL) DX EZ=Z T T-H D TH S,

il T

Fig. 1 Locations of voltage taps.

737

—

Fig. 2 One-turn saddle-shape coil wound with mono-layer
cable consisting of one SC tape and two copper tapes.

1000, ]

VT1-VT4
[ (Subtracting liner component)

500

Electric field along tape (uVm

e | I B
20 30 40 50
Current (A)
Fig. 3 Voltage measured taps VT1-VT4, which are in copper
pipe and taps VT2-VT3 on SC tape.

0 10

__1000 |

E R Straight ta

£ ight tape

= Straight cable

b !

2 Sadlle-shape coil |

o [ "

E 500 - o
[1+] |

o

4]

=

2

O |

o [

L 0 |

0 10 20 30 40 50
Current (A)

Fig. 4 E-I curves of straight cable, cable wound into saddle-
shape coil, and SC tape before cabling.

Fig. 5 Three-turn saddle-shap coil wound wih four-layer
mockup cable consisting of 12 copper tapes.
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Progress of R&D of SCSC cable in spring 2024 (4):
Measurements of magnetization losses of SCSC cables with low-eddy-current-loss cores
EEC R, EEE A, B K RE W2 GER)

SHIGEMASA Mao, SOGABE Yusuke, UEGAKI Hiiragi, AMEMIYA Naoyuki (Kyoto U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [FC®HIZ SE XK

e 2 1R AR I T R AME BN T & R s [1] N. Amemiya et al., Supercond. Sci. Technol., vol. 35, no.2
br—F L (SCSC r—T 1) DERAAT-TUB, SCSC Ar— (2022), Art. no. 025003, doi: 10.1088/1361-6668/ac3f9c
TVTCIL, Fig. 1 R T XS, S A % R 2 1 _
Ha T OEIC AT R EX T BT, A ETRE Multifilament coated conductor

ANATNVHEE Y FIZHACIADHZ LI, 745%/1\0)1‘*/\
EEHILTWB[1], SCSC 7 —T7 Wz B LR KT

A S LR CRAETIEAT IV AR LA %é
KTz, a7 IZB W TRATHMBERBRLE TN, ¥

Core Second layer

T

(S S T 2T D e E L, $i% itk _ Firstlayer Fiament
BB T T | a7 ORI T SR & e a T Fig. 1 Schematic view of the SCSC cable [1].
ZEM LIz SCSC 7 —7 VDR RERIEL | gLz,

-1
2. AP EEEBRAE > w,=2mm, n,= 10,

R& 100 mm DKL T L8, i, HiRS 7SR w,=02mm, 7, =10 pm, i
(Vo) BRPRAR . L CTH I AL 7T AF v 1 x 102 |De =3 mm, n, =4,n,=12, AOp
(GFRP) a7 L CHW= SCSC 7 —7 W Z&ERIL, Zhb ,3— 1,529, I.=20. 0 AT e
DA EEZRE LT, 27 DEAIE De = 3 mm., BAE we f=6544 Illc
132 mm, 74 TALME weld 0.2 mm, 747 A MK neld 10, 1x 102 L T
SRS fou 1 10 pum, JBE ne 13 4, TU TR OARE n i :E; =
12 THD, ii\iﬂ%{'&m%%’%ﬂxif%fﬂb R 5 181 D A2 i sk = =
RAEFL , 27\ oTer — 7 VAL RSS20 0| B4 S 1x10% =Bn Dy e,
{bp— ﬂ,ﬂ;%f_omﬁmttéﬁ% Om (Vm)ZIE LT, olonbis e
3. EEER O Brass core

Fig. 212, & FED=7 % V= SCSC 77— 7 Mz, J 1x10° == _.‘2%"‘_1’1]’.%’"_“‘1"."‘3'_ g
WEH 65.44 Hz |2 350 DRELHITE R O % RERIRIRIC 2T ok g sl
LTFryhliz, KiZiZ, L TIZR T X957 Brandt & &/ 7 UTTTTXGFRP core
Indenbom DOHFHIZISL Fr—T VB RESHIZDOEATY 1x10 1 — 10 100
AR/ freQeue’ neb PEETORLE, Ko, (mT)

Qpif = (oHm)*nwi  g(Hm/He) (1 Fig. 2 Magnetization loss of SCSC cables with various cores.
! Ho (Hm/Hc)’
gx) = Eln(cosh x) —tanhx, 2) 140
WX w, =2mm, n;= 10,
c= ﬁ (&) wy=02mm, 1. =
LoHm | ZWESARNE TH D, I 1T ORGSR ER CTHY ., BIfE 1x102 D, =3mm, n =4, n =
100 pV/m IZHB1TFD LIFREE 20 A THDH, BiFA AT LY ﬁ— 1.502, f =48. OA
YFNZL S TR ESNDER THS, f=6544 HL

Fig. 2 TRULIZr—7 ME, Wb B LB RE LAV _ 1x10%L
W EAT VL ARV IEL | A IR TOMER E 2 ,

B LD XERI L2575 . O EQ2/m) Qi DT = =P O
WRIRIR D — I AL FILTHM L=, A 1x10% :
Fig. 3 12, I 78 Fig. 2 TRLIZHD LD @ —7 12D
T, On BEUQ2/n) fniQsui ni % Fig. 2 LFRIERICT 2y LTz, &
DI —7 LTI, AR E /Mﬁr“z)xttixéﬁmb\t&)txﬂ/ 1x10°
A RNEVLEAITHY, Om 1Z(2/m) BreQsis" ne \Z ELEZHIUT
LWEDIEWERL, ()T O Eg(Hy/H)/ (Hy/H) D3Nk -
K ETRDREFARIE 20 mT T Om 1E(2/m)fueOsrs’ nlIEE 1x10°" L i 1B.DI8SS COE,
- 1 10 100
—ELT, 44H, (mT)
B Fig. 3 Magnetization loss of SCSC cable with high critical
AWFFEIE IST ALCA-Next JPMIAN24G1 (JST S 3ktt-2 Al current.

WHZE JPMIMIIOELD) O X% T - D TH D,
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Progress of R&D of SCSC cable in spring 2024 (5):
Design of coils for ac loss measurements

bAE TR,

BEED A, WE Mz (UR) ;

(B PN

UEGAKI Hiiragi, SOGABE Yusuke, AMEMIYA Naoyuki(Kyoto U.); FUKUI Satoshi (Niigata U.)
E-mail: amemiya.naoyuki.6a@kyoto-u.ac.jp

1. [EL®IZ

IR IR SR 2 MW= 7 ORI AL T VRIS
W2 2 LR (CORC®A 7 —7 L SCSC 7 —7 /L) 134T
BEOHMICHITLZENES T, aA Vst B HE K
W2 b5, A ILZDO LR ANAT VR TIERIL 221
NDAZTRABRE FEERIC I~ G528 % HIEL CD,

2. BEtoEZA

ERUR T —T N0 | =2 a VBB THEE, r—T L
DNRBR T ARG T Fig. 1()D IO E 1RO B Ee R0 2R
WE72b, — 7, ZL<DELER Y7 Fy MBS R £<
BT r—T7 VR DREFUL Fig. 1(b)D 57k
RN KZE 725, ATV ERE B R~ 51
V& AT IVEIRORERE TG D A8 iR SR i 2 B 57
T H2EnRkDEND, UL EOHE BRI A ATV ERE H
b\Tf’ﬁibtnwvwﬁblﬁaﬁeﬁ%rﬁfﬁ%‘ﬁ ZEo T 5

TIE, AV EICB WV CTELE ﬁﬁm%%fx%{m‘éﬁﬁfﬂﬁ
75>f“<tﬁ%>ﬁ/47k0>:f4’/v%px.a+?“é EDREFELW, F,
B ER OHIFIC Lo CEE A e B, AL i:m’/WM’
VHE IR LS THIRENTLEY, THHDSMEEEEL

TR R Z TN T D72 DaA N E kit T HNEND D,

3. MHRICK>TELDXREX

EARIR O IR IR RERICBWC, 7T HICEE
UKL, AL REHTZ0, B 1 BHT-0TAL
DRI Onsuip IFF(DIZRT Brandt ORUZL-TRDS
B[], —H . ANATVERITHEE SR DS IS b L. Fig.
2 DIDNTT —T DRI AREFUIEINC L > TR b T 5, 7
— 7R CA E A R OB T D28 iR e I T
BRI LS TR EDZENIMSNTND, ZDTD, AL
IVEAR DAV R Om IZ Brandt O X AR HIIIAEIZL-
THEAMNIFLIZRQICE > TR c& 5[2],

He
Qh ,strip — HOWI Heg ( ) (1)
H.=1./wr

2
gx) = (—) In(cosh x) — tanh x

J- Qh strlpcosada (2)

::T He iEﬂj}DEﬁAﬁ W i7“7 rllaa [c iﬁuuﬁ {}ILT&)7O
Fio, =7 VEAWIR TH D20 | BRI O RES
DIHIZES> TR FED,

4. aA)LETERSIK O ST

SAVETETG AR AR TR IC X > TAE LA LD RESD R
FRE AT IC &> TR 9%, Fig. 3 I\ZATET L 2R, 1
FxP NBREEE LB U oW TCaf LD E
REE(LSH, 50 A 2B LB ICaA VI E O BRI
J DGOy Ai e B RITIC K > CRHEE LT, BRREL TR
FUEHE 100 A, 4 mm §EDT /)7 4T A MEE A LT IRIC
BN ANATVERETE L, B CAEUDBALE KA
BT, lERRLZOMOBPINTONTIIBEL TR,
=TV ESEBERIC I TR T D0, r—7 L EX
BT O RANZ DWW T AT, ML L OF FAE R %

757

Fig. 4 (2R $, IA VKT ANIE TSI O 2 A )L CRERSE R
FBBHUAR I N RE IR B ZEN DD, Wik 2SI RIS
KL IV IARIAN /U = )V FEIR E e O R
R D REIR AN AR AR HIE oAV ELTEE
LWeEZ D, F72, Fig. 4 IZENENDAANFARTOA LA
JRARBIRT , A E TR ATV JARTIRIZE ST 51F
EINSIRDZEN D,
B

AMFZE1L IST ALCA-Next JPMIAN24G1 (JST Akt Al
YEFEE JPMIMINOEL) OS24 T - DT b,

SE Xk

[1] E. H. Brandt and M. Indenbom, Physical Review B, vol. 48,
n0.17 (1993)

[2] N. Amemiya et.al, Supercond. Sci. Technol., vol. 35, no.2
(2022)

Fig. 1 Self-magnetic field and transverse magnetic field around
the cable.

Fig. 2 Schematic view of the spiral-coated-conductor cable.

Fig. 3 Analysis model

Fig. 4 Calculated magnetization loss and inductance
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Progress of R&D of SCSC cable in spring 2024 (6): Dynamic resistivities in SCSC cables

BEE A, A% W, WE HZ R
SOGABE Yusuke, HONDA Sho, AMEMIYA Naoyuki (Kyoto University)
E-mail: y-sogabe@asl.kuee.kyoto-u.ac.jp

1. [FLsHIZ

[ERIC R ke G A PR QUAYY - AL NN e LV e Mhabavdyint i p /N
FinEns e, Bt P e iEn o8P 5 45, BRgiK
FUIBEHR AR 728 OIS HICB W TRIER SN TRY ., K
FIEOHSI PRSI TS,

o2 T IFET, BHR AL TR OB T 5 e
U= BhAHEHTNE 2@ L T ATV OEE & 4w
M IZB W TEI RIS LD Z 8 &2 R L[], 4 Hl
T 13, TSNS T CHEALEREZBEEL TWODERRIR
K OARAT VAR OEE A £ SRS O B KPR
% BUE R SARAT I Ko TRIML . 3B R S B O BE P AFF
PRI G- 2 DR EE TR,

2. BIEBBEHMRENFE-BITNER

RBREAT T (FEIRTAR) X5, Bean ET LV EKEL
BB DOBREFSAL Fig. 1 DIDNTRD, ZOLX, R
257 LI IE T MO BB ENFETS T
R EE N AL L COD IR TEEL TRY, ZOfEICE
WTENHR AR AT, ZOMHEZ B FER SRS, S0l
BRESFREATIZIB W TE, BRI MVRT v L& iz
TR RO A L7z [2], S IR B R A @ EL T
ARG CHMIRAS TR R A FIIN 9~ D D St CREMT 24T o 72,
R — RO N D ERBEE T OREFEH RS
DOEANEAL U EKZ B fEkE A0 L, ZomEkick
WCRATHRKEZBINEA LU, BB LE 12
TERLIZbOE BRI L CRIE LT,

4 TEEORIROBM EX G LT 21T o712, N
D DFETTA Table 1 1TRT, EARO B K 0%
TERAT . A A TR D BLUHRAL B OV R MR A 2 fRAT 0 52
LU, ZRBMIC OV, DTN T R TR EE Y
U TA NI SEZINTNDEL, ET MELT, B
{RET 4T A MO FARE OB ERIZIT, WEOME A
ST LB TR AT O L SRS A LTz,

Fig. 1 Electromagnetic field distribution in a superconductor
slab carrying dc current /i under time-varying external
magnetic field Ba; (a) magnetic flux density
distribution and (b) current density distribution.

767

3. BMERORHERIKESE

Fig. 212 4 FOFREHI I T BRI OSBRI 32
RIFPEE IR L Q0D 72720, BUEHD G R B OO & Ok
BRAMIBBE R DO M OB PR T 5720 OB AT T
WD, ZORERID | A A TAL LTS O & S R R
(REHUT B O TIEERE LS R SRS N D L2 i = ]
FICE-> CHRER T D e TE L,

Table 1 Specifications of analyzed coated conductors.

Straight coated conductors

Name of coated conductor STF1 STF10

Number of filaments 1 10

Copper thickness per side 10 um

Substrate thickness 30 um

Tape width 2 mm

Sample length 130 mm
Spiral samples

Name of coated conductor SPF1 SPF10

Number of filaments 1 10

Copper thickness per side 10 pm
Substrate thickness 30 pm
Tape width 2 mm
Core diameter 3 mm
Spiral angle 55°
100 T | T ‘ T T T
r —e— STF1 )
g0l —e— STF10 |
—e— SPF1
= r ——e— SPF10 .
T
€ 60— —
G
g L ]
E
< 40 — 7
T | |
20 —
0 —eo—t0—0-0—9 | | | |

0 20 40 60 80 100
Averaged B, (mT)
Fig. 2 Products of dynamic resistance Rq and critical current
Ic against averaged perpendicular magnetic field to
tapes.

HiEE

AWFED—EIE IST BRREAIBIEMF e ER3E Seiknol
— AR =a2—F 7V E T B3 (ALCA-Next) 7 7 & &
JPMJAN24G1 (JST Rkt SAlEFE /T E =
JPMIMIIOE1) . —#&51% JSPS BHIFE JP20H00245 DBk A 52
FT=bDTHD,

SE 30

1. Y. Sogabe, et al.: Abstracts of CSSJ Conference, Vol. 103
(2022) p. 101

2. T. Mifune, et al.: SUST, Vol. 32 (2019) 094002
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Progress of R&D of SCSC cable in spring 2024 (7): Influence of cable geometry and
protection conditions on protection characteristics of spiral HTS cables

B A, E 2 (RUR)
SOGABE Yusuke, AMEMIYA Naoyuki (Kyoto U.)
E-mail: y-sogabe@asl.kuee.kyoto-u.ac.jp

1. [XL®HIZ

SCSC 7 —7 /WL, BEMEOHE R T DFEVICA LT
JVIRICE R OIS TRBIE S~V TF T 4T A NE B s E iR
L RBICEE T B R EL S (Fig. D[1], FexixZ
NETI, BEERK T E2ENENE T HEORE S
HDOHERTDLEL, r—T NG KM LZEM k=T
LRSI OB - BV A S B L 7= SCSC 77—
TV OPRTERF AT FIE A E LT, ZORGEREMRAT F
HEE AV, SCSC 7 —7 VDR B OS2 B (L &,
ENOPMRFHERHEIC 52 D B A RAE LT,

2. SCSCH —7JILDREREMITFE

Scsc /7~7/w>7:/% BRI T DR R A i
T AT, BRERE 2T EEN TN IR THRESR

%/\}:Lf%wwmt[ lo ZOFETHE, a7 ICE
NENORBAZERN I D ETH IR 5 A% — IR TEMR
HHRAICL S TR BEERE Va7 B OER DA%
[\ F RIS THE T, £, AT udEIc LA
B R ORI Z B B L D,

F7o BRI W T, AT AV ERICBWT
KAETHEELEGRL, COBEVNRMEEE (BHET) %
BRI EORER CTERDBERETLHELTC, 7T
REORR K O E B L T D,

3. BMMNELS SCSCHy—TILDREH ML

ZZ T, 2 JB SCSC r—T7 V& 4 J& SCSC 7r— 7 V% H
T HBEEROIL, HNE D 1 AIZHENED., BT
WZER BRI Lo oD Sl CORE R 2~ T, fRAT
KIRELTr— 7 VD% Table 1 IZ7RT,

Fig. 2 12, 7= FfRICET 5 2 |8 H OBEEHROET
FFE LB BT AR LB A", t = 5.5 s fHIT2
JE B OBGERICTHATWSERNEIML WA, 4
{biEagTe 1 B H OBRERICHHILTOTZER NS (/mbf_
72 ThD, D%, HEERHEZ N LTI iRicE>Tr—7
A FTICEBWTRE EANEAEL, Lz E e wlis
EHROBENEBRNMETTHILTar ~OnintER, 7o
CFHRHBIERNCERON L CWD, 2 J8 SCSC 7r—7 e
4 J% SCSC #—7/LTid. 2 J& SCSC r—7 VDI Nrx

FUZTE D DL 73>0£U EREL BV LRI,

SEXH

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

Multifilament coated conductor
Core Second layer

1

*
First layer Filament
Fig. 1 Schematic of a multilayered SCSC cable [1]

777

Table 1 Specifications of analyzed SCSC cables and analysis

conditions.
Number of 2 ord Number of tapes )
layers per layer
Spiral pitch 10 mm  Cable length 100 mm
Core diameter 3 mm Tape width 2 mm
Thickness of Cu 10 Thickness of Ag )
layer (one side) wm layer wm
Thickness of SC | Thickness  of 30
layer wm substrate pm
Initial temp. 77K Tape Ic @ 77 K 50 A
160 A or
Cable current 3204 0 value 20
Terminal Terminal
resistances  at 10°Q  resistances at 1Q
tapes core
Contact 10+ ie:ftﬁciegf HSfZi 1x10%
resistivity Q-mm? W/m>K
contacts
Longitu
Location of I dinal Detection 0.1 V/m
degradation area  center of electric field ’
L1-Tl
Delay' after 01s Decay time 05
detection constant
{a}130"""""i"I-‘""'50
= - Tape current J =
g_::; 110 130 5(:
T 100 - 120 S
8 90 Quench 3
5 8o [ Temperature detection {10
70L ! 0
1) B o/ J—— Tt = ‘30
o 120 [ ]
= 110 Tape current | Quench 1 Wy
g M detection | 30 <
=} -—
= 100 5
o} - 420 E
a 90 S
E; 80 | Temperature 10
7000 v o b0y vt Y o
0 5 10 15 20

Time (s)
Fig.2 Time-evolution of temperature and current in a tape of
layer 2 during quench; (a) 2-layer SCSC cable and (b)
4-layer SCSC cable.

B

ARFFEI, IST HERSAORIERFIEHEtEF3E Jeuiayl—=R
V= a— VAT B3 (ALCA-Next) 77~ & &
JPMJAN24G1 (JST KMt SAIEF S T NG5
JPMIMII9EL) DX EZ=%Z1TT-H D THD,
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Continuous Winding Test of a Prototype Winding Machine
for High-Temperature Superconducting Force-balanced Helical Coils
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Hashimoto Hiromasa, Yajima Kenta, Xu Hang, Nomura Shinichi (Meiji Univ.); Shintomi Takakazu (KEK);
Hirano Naoki (NIFS); Nitta Tanzo (Tokyo Univ.)
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1 1FL®IC

ARHFFETIE. REBCO ##64 % W 72 BRESEl A~V AL
a1V (FBC) OBIEFEHMZMAFTT 572012, Fig. 112
RYARERE 120 mm, /NEE 30 mm O 1T HFEFIL 2
AV NEEAR ISP S 2 D T\ B, FBC LB % K
IR S ¥, BEEAMfEEINEIA LV THD, IhE
T, REBCO ##IUMAE Y v & &g~y R &2 —KLL 7~
RIES R IR L, BHEEOY 05 S Iz BB oM
CHIERIEIC I LT WS 1], 0%, MR e v
BN Y RESEILUTHEMZ Y AL I ILOHEI S
UTHMIGHARE v o0 g Z L 2REECE 2, L
L. BBIZEADBLEUTUE Y, ZEEGEENETETY
20, ARETIR. ZOMRK L U CERIRD % BN 21
HEDBRFEEW RIS L CFRMIPIARE v 5% 0 gD
BRI O RN FHERE R O W THE T 5,

2 BRRERADZEINT 2HE

REBCO ##4 % Fi\ 7z FBC OHUEIZ B W TEEE X
TR D FEAE B KIS I & DR O ERHIHI D 72 & T IR
1% 12 N, REBCO ## DA BRMEZE TR WVIEH
O EBRMEE 28 N &725 [2], FEffia A Vidhz AW TE
Ay RIZIENZEINT 2720 DML ZEBE L., iED%
MR REOND Z L 2R THELD 7, Fig2 TN %
EINd 2 72 DB L R E V5 Sk 2 53% 0 H B0
BIRENZJEST 2720 DKEDFEREEZRT, R Vid%
B D —iHZFHE L, REBCO f#4f % it L 721§ 5 mm D
ATV VA R URIIAZFI5RA T — N2 LIZEE L,
R Vs —EHECHEMBRIZI EHIN D, HBHIGHAR
CUr oM ek fdEEE 1 mm/s 25 10 mm/s
T 1 mm/s Z & (IS & THRM IS 05 AR 1
FRUELZEZA, TOKRKEXIT15.04 N2 5 1812 N &
R0 BRI ORREFENE 25 Z DRI Nz,

3 0AFEEZ—EICLIISEDERERNSH

B 4 DORIEM (¢, B, v, a)2] FAB A X)L
f10 OBTYH 2 505, FBC IZEFNY 7L EREE
EHLTWS 2, Bz 0 D EEN—EL 25 &
SITEMEIEGE. RE VS BMERLD 3 HE X
—ELIRSRV, BIRRWEZBELP T 2DIZ, 00D
g% 5 deg/s 12 U7z, Fig.3 120 OMAEEMN 5 deg/s T
—ED L EOIINT DEMORED I UHEDE/ERL
Too BMEDED WL UEEIX &K T 3.507 mm/s. HNT
2.855 mm/s L7325 I bhotz, T 5T, 0 DAHEE
M5 deg/s T—REDE &, BIIEIHABR CTHR S i B
I & BRI OB E W T, 012 2 &R D%
b H#HET 5 & Figd D& 5k o7z, Fig.d3 & 0 BIRE
HOHEEMEIZON 0 £/21F2 n DL & 16.90 N TiAk&
D, 0N TDLE 1680 N THR/INL BB ZEHAbro
72 %4 HIX. REBCO ## 2 #BH# L 721K 5 mm OAF
L 2 R Uit W IR SRR DR R 2 T 5,

787

Toroidal direction Minor Radius

Fig. 1. Superconducting force-balanced helical coils.

Fig. 2. Experimental device for the evaluation of the wind-
ing tention using a stailess ribbon wire provided from the
winding bobbin.

3 25
g 4 Winding tension 20 =
Ea e— Ag
L \ 15-2
:0 2k Winding speed ] 1()%0
.8 3
£ {55
=
0 : " . : i 0

0 60 120 180 240 300 360
Poloidal angle 0 [deg.]

Fig. 3. Distributions of the winding speed and the winding
tension as a function of the poloidal angle.

SE X
(1] Hoshina et al.: in Proc. 2023 Annual Meeting
IEEJ, pp. 253-254.
(2] SRS, =X)L ¥ — kB0 BT P~ v 3
VDR EE O A VALEAR” | IR KRZE KBS
NEEIC,2021 4F,pp.84-87.
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SMES system configuration and input/output control method

for long—term compensation of renewable energy fluctuations

PLB BOK, RFH &, R B, #H B EAER)
HATANO Ryota, OWADA Tomoya, NAGASAKI Yoh, TSUDA makoto (Tohoku Univ.)
E-mail: hatano.ryota.t3@dc.tohoku.ac.jp
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Fig. 1 Schematic illustration of
a Hybrid Energy Storage System
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Fig. 2 Effect of SOC-FB on capacitor
voltage and SMES coil current
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R T IE IO TR Lz,

2. A&

KGR BILDOE I EEARE LT 10 MW H% SMES 47
— TNV AT DO % Fig. 1 1R, EHE 10kA, 1kV
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3. BR-EX
Ralb—varfiRE Fig 3 1 ORT, ARG ORE
M, KEBEHEBENLORBRITIZF AT D05
HITNDH, Z AU LT SMES /f—jzv%ﬁbfﬁﬁ
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HEE ARHFZED —ERIL. Qatar-Japan Research Collaboration
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Array type: User-defined:
35 series les; 1360 parallel strings
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Fig. 2. Assumed properties of the photovoltaic array on the
simulation based on MATLAB/Simulink.
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Fig. 3. Simulation results on the mitigation of photovoltaic output
power fluctuation for the SMES cable system. The left vertical
axis indicates the power received by a load or another system.
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Fig. 1. Schematic diagram and the corresponding assumptions on a 10-MW-class DC system with SMES cable.
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FAEABIAEN DAL (B2 . LB O T EFEED
HRICHIGTAEVREBROBEESINETHEE X HND,
ZEHAIE] 3P H AS B SRS =48 400 V Z B CHERICE
#1942 ACDC o "—FE AL TRY, BHHEEAOZh R
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Fig.1 Photo of Superconducting DCDC converter and its
circuit diagram
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D le 72 EP 5 Fig. | OIEEOZSHE 71T E K 10 kW F2
JELT2 DT IRT =— A TIIKFEHHI (20 K) T600 A T
MgB, ANV % WD T ETHD,
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Fig. 2 Bi2223 converter system efficiency vs. input
power, comparing the circuit with Cu coil.
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Fig. 1 Field angular dependence of /;; at 50-77 K and 0.1-1.5 T
for a REBCO closed-loop sample.
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Fio, BILIRIC L ARG ERHE IR T O R REMEb BB, AT
Tl ZNHOMBEE R AT L TIEEL T, BEEAICLS
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ARBER S PEREE A IC LA IRIRFLN 0 1 TIE D T
WV, ABFZECIE, FIREI O S GRS A O RHLE, i
[ D4 B 2 EALSBIZED p OZAUIZ DWW THIA - iU,

2. REEAHE

NI, HFEMICES 20 um @ Cu 8% A 95 PLD ¥
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FORHEE (Ag-Cu) #2632 ERIL | Bl oB A
PUEFHIEL 72,
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DOBIRRIZH T DR — K E RS, BEAROEA
TR —DEREIRIT p 1T L, Cu-Cu #4 TiE, 600
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BATLEAR pi i 3 ERREEITHINU T, $7-, Ag-Ag AT
WU, DI py IXHEINUIENE 20% Tl Cu M 10 52T
otz IRIEE 25% TINS5 3 S REE TR F L,
ZORER, pj ITRIET RO B AT N =Lz F —(Tho
TIRESNDZEN -T2,

Fio, BEERORMOA MEF D120, £ HEEHEE
WS, BRI KRB AT OFHIEFT o 7=,
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Fig. 1 Joint resistivity between metal stabilization layers
for REBCO coated conductors. Results of Cu-Cu, Ag-Cu,
Ag-Ag joints. The joint resistivity is determined by input
energy per unit area and horn amplitude (input power).
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Fig. 2 Magnetization current distribution of Cu-Cu joints
processed with different peak powers. Local defects were
observed when peak power exceeded 190 W.
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Fig. 1 Joint resistivity (RiS1), contribution of insert metals for the
joint resistance (RinserS7) and thickness of insert metals (Zinsert)
where (a) In, (b) Sn, (c) In/Sn/In, and (d) In52Sn48.
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Development of joint test equipment for mass production evaluation. —Joint test for HTS—
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Table 1 Specifications of joint test equipment.

Item For LTS | For HTS

Measurement Sensor Hall sensor

Sensor Sensitivity B <103(0.1%)

Joint loop inductance 3X107H | 7X10"H
Sensitivity (per hour) <1 X101Q
Measurement time (1x1073Q) 10 minutes 20 minutes
Number of samples 4(2)* 2

Direct energization

Sample energization method

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

R 1@
EHEREIE 28
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\

Fig.1 Sectional diagram and photo of the developed joint
test equipment for HTS joint.

> >

Fig.2 Joint test results of two HTS joint samples.
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Development of HTS Accelerator Magnet (11)
—Critical Current Characteristics of Round Cables Made from REBCO Conductors with Different
Copper Layer Thicknesses—
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42 K O I & Lift factor (I. (4.2 K, B//c)/ I. (77 K, self-field) )
W A% Fig. 2 IR T, $ilAYF 5 um/side DOFAIIRE
BHRENEVHM A7 hid AP 247 ThD, HIERE R
BAMEALTZ 4.2 K & 20 T TO lift factor i%, HM #A 753 2.99,
AP AT W 1.36 & 1.49 LHfEESND,
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5 um/side > HM #A 71327 [E £ 2.4-2.6 mm, O #—0.5%
UL CHE L HAENECTZOICH LT, #iAvF 10 &
20 pm/side @ AP #A 71X 1.8-2 mm, —0.6% T THILAH
b=, HM 2 A7 Oa7 BRI T DB ORI Se 1 THF

TE2]1E I —HE L TWDDITHKL T, AP A7 13E0HI =T
TOr—7 VEWERHIRFTED,

ABFTEIL, ST AR D gt o tERem _Eizmi 7z
RN 2 JPMXP1423812204 DBk E= T
7=HDTHD,

Cu:10 pm/side

Cu:5 um/side Cu:20 pm/side

Cu +Ag
REBCO + Buffer

Hastelloy

Cu + Ag

50 um 50 pm 50 pm
Fig. 1 Cross-sectional images of the REBCO tapes with three
types of copper plating of 5, 10, and 20 um/side. These images
were taken near the center in the tape width direction. The
estimated distance between the REBCO layer and the neutral
axis of the tape (short arrow line) and the estimated thickness
of the tape (long arrow line) are marked in the figures.
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Fig. 2 Magnetic field dependance of the (a) tape /. and (b) lift
factor at 4.2 K. The tape I was determined by 1.0 pV/cm.
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Fig. 3 Cable /. measured at 77 K and self-field as a function of
(a) core diameter and (b) estimated strain of the REBCO layer.
The cable /. was determined by 1.0 pV/cm using the tape
length.
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Development of temperature monitor system based on EPICS for Belle superconducting solenoid
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Fig.1 Schematic diagram
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Fig.2 Temperature monitor display of Chimney pod (unit: K)
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Development of REBCO coil system for Skeleton Cyclotron (Spring 2024):
Numerical analysis on transient electromagnetic force behavior

in 1/2 scale demonstration REBCO coil system
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Sector coil
Main coil

Main coil #1
Sector coil | :
: | Main coil #2

Current lead
/

Main c;oil #4  Main coil #3
(a) (b)
Fig.1 Drawing of Ultra-Baby Cyclotron and

(b) Coil
arrangement
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Fig. 2 (a) Azimuthal current distribution of subdivided coils in
sector coil at quenching.
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Fig. 3 (a) Azimuthal current wisuwuouon of main coils and other

sector coils at quenching in a sector coil.

(a) . (b) 600

Ak e
& , ' 100 & 200
Q

244 MPa 50 513 MPa l 100
3 3 \

>~y B Y |

[MPa] [MPa]

Fig. 4 Longitudinal electromagnetic stress distribution in sector
pancake coils (a) before quench and (b) after quench (¢ =1,).
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Development of REBCO coil system for Skelton Cyclotron (Spring 2024) :

Numerical analysis and evaluation of transient thermal Stability of
a 1/2-scale demonstration no—insulation REBCO coil system
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HIURA Takuto, ISHIYAMA Atsushi(Waseda Univ.); NOGUCHI So(Hokkaido Univ.); UEDA Hiroshi(Okayama Univ.)
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1. [ZC®HIZ

PR o BEZE FIRIE DT O o Bl RIC1AL fliE H
[ERB(EER VR YA 7abay (HTS-SC) | OB 34 1
HTWBH[1], AZEE I, 22RO MR REBCO A /LY AT
LD BN LORLT IR LB % T8 A2 3B LV ) R A
FFo, ZOAA NV AT AT, GRS A O K/NFTE
[Asf= AL & AVE FAERIEME I Z—a b RS
TW5, Alalid, FEEO 12 27— VEHEHTT AR]1ELT
BAIEL E B 21T > T\ 5 UBSC(Ultra - Baby-Skeleton -
Cyclotron) =1 A /Lo A7 L& ABEL | Fig.l OFEEOMTE -}
Ao R - JERIEI O k% REBCO ALY AT K%t
GLLC, aANO—MIZ /RSB ELT-EEDa L
M OREK A AR L, 23 /LN OBER /BT B IO
BE A3 AR TR R R IS VTR - S L 7200 T35,

Fig.1 Schematic diagram of the coil system for analysis

2. A%

Fig.1 DaANT AT LEKRFEIZ, PEEC 7 /WL DE
SIAAfERTE . RO IREERIEIC LD BT AL S T
TNVE RN, AV O LI LOENT §e:1X UBSC (28
SNTND, HLFEEA L EERERRG U E A2 hS iz
EEDLLTFD 6 I OWTIRITEA T 572,

Table 1 Analysis conditions

Deterioration Interlayer electrical resistance
occurring coil [mQ -cm?]

Small coil 0.2 2
Large coil 0.2 2
Sector coil 0.2 2

Flo, B L ERIZ OV T, BRI KD R B ALY 72
A IR L E L EALE 2 TN D BRI LD 5B
KRB B TR R E CHLZENFATIIZE TRSN
THEY, ZZTHRBKOFHEZ1T 73],

3. fRMTHER

BEL T, haA RTS8 6 (B ES
HHUE 0.2m Q - cm?) 12DV T, Fig.2 (128K a4 /L Dt i i1
ORI LE . Fig3 IZ&IANVDPMED R LG O L E%

Y, FALDHD/NaAANTIEOBEERNFE AL, PO
Wb Ui, ZOBAEIGT I, fthod 3 SO MEaA Lo
VEDRESGMMEEINL . ADBIENELT, LivL, TEROE
—a VT, BEEO TGS DTN Lz, Zh
I AV ORIV RIEND LB 2 —a VOB
R THDHEEZBND, B/ X—aA /L ORGIE
PHIIL CWAT20  ADBENAELT-, - EMEICD
WL, /N VB L THAZOFN I T, 5T L DI 2R
NEER LD B2 EMEDME T, DB AL E D I-5E
A, BERTRET S,

2% AMFFEDO—BITRFE BRI T S(18H05244) &3
RERFZE BQ2HO1478)W AR 7~ 2 & 2450975,

Fig.2 Both-end voltage of each coil

Fig.3 Central magnetic field generated by each coil
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Vol.31, No.5, 2021, 4400105

[3] H.Onoshita et al., IEEE Trans. on Applied Superconductivity,
Vol.30, No.4, 2020, 4702605
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A Data—Driven Approach to Modeling and Optimization of Full-Scale REBCO Coated Conductor
Production Process
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1. [FC®HIZ

T IRABAREAR A 2 O T/ N LA P~ D
AL IS OERICE->T REBCO =1— Mkt
D=—ZAPEE->TEY, REBCO #pf o flyE %
BET OV RIBYOOHD, — 7T, b s
RO T 0 R ANRTG A= DM AE DRI LG
720 M VERE, R ED  (BHREME, S ARERLRL
TR B PERC A DT-OITITELE A +47
TV, B LGSR O G B AR OFRREL 7o
TWD, AR T, FEFOLNTIETITBAFE L.,
REBCO #44 D i S B & FEf i - Hedgzfil) o i
BT AT REZn ) — L B S R A I R A
Brh i LieT — 2RV T 70— F & EHIRLD
REBCO #bf 7oAl AL, M2 7 o A0

FENA M E O CTET Y7L, B R o 1 1 data-dri h for modeling full-scal Cco d
L AN L O RRE AL LT Fig. 1 A novel data-driven approach for modeling full-scale REBCO coate

conductor PLD production process.

2. RBAE

BE REBCO MM O FAALTE I T i T B S O e doa a2 050 g | ]
—/LE PLD RBCEE 2 L BG4 RIS ZE S 3000 H . Model prediction [ ]
BRPHRROAEF T VBRI, Fig. 1IORT o a0k ] @
BRI, 2B N T VB O ER L 2D — /LS BE R = g : ]
BTk T, R R o, ARG R o 2000 iR E
BT B LS TIEME LA BIHREOBFICOVT & 1s00 f : L3
20,000 ;L EDOT =22 B LI, ol T =22 0T, S 000k 5 E
Deep Neural Network (DNN)ET /L% FIWTHEHMEZ PLD A= ~o : ﬁ H %
T B ADOZFEEEFE L AFREBEOHIE AT A= LM O L, 500 | 34 5 ----- i =
o0 B E TR BIEE T AR LI, Y: f LA ®

2 4 6 8 10

3. RBHR-ER x (m)

AR~V KR E 42 K, 0.5 T OAMBELCR 1 CHRSG LTz I
DT BEAGMNCIDEAORR T4 | Fig. 2 \ZFERIREE (5 5 ——Train data /(42K 0.5T)‘
LETOUVHEE (B 80 Z LR, #E B I2 > THED 3500 !
NIE FAHEE I MG A E R BRSERL TV % 3000 Lt 20045 10035 R Q98138
PGB, RiERIT, —MAZIFFHA R 72, 241000 A $&D e O
KEFAIRL AR DR AT AERAHIZ BT, SRR < 2500 Y gt
TC L OHFEAEI LIS LT A, S0k, FA&TT7— T 2000 is SR
IR ORI ET> TV RSO ki e A 2 ) °
BT HOLLT, REBCO #ihF DR S ERIC B 32 FE 8 v
N TERSHO M A B W CEERRREEWNZD, T2 @ 1000 !"' A
b EABEEL T oML R 570 O BRI kL s00 |l 2
0, MM BLE S 2 Tt (b3 A T2 DY — R & A BOJIHECHE H o %
*/T/f%ﬁ%@ﬁfﬁ@'%U?ﬁl]‘fi%:j(l@&:Fﬂi?‘é?:b@;@:ﬁ&'fﬁk 00 500 1000 1500 2000 2500 3000 3500
LT, 5% DREBENKEEFFTED, Model Predution [A]
B Fig. 2 Modeling of REBCO coated conductor deposition
Egﬁ;ﬁwﬁ JSPSEL 24 1P 10H05617 72 5 U2 JP24H00320 process by DNN. (a) Critical current /c (4.2 K, 0.5 T) in a
@Eﬁﬁ}i%j‘éﬁ%iﬁﬁbf’g@f%é = combinatorial sample as a function of processing conditions.

(b) Comparison between model-predicted and observed Ic
over 20,000 conditions.
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Critical current characteristics in magnetic field on laser scribed REBCO tapes

WY N, R BRAS, MR RS (PERRDE)
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MACHI Takato, HIROSE Hishiro, IZUMI Teruo (AIST); NAKAMURA Miyuki, HASUO Shinya (FFJ)
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1. FU&IC

Tk, WiZEtoftEs 25 2% T 20780 B
L LT, &HBEENEEORLE HIEL T\» b, £EEY
[FIEEEE TR IR DSHIIN S 11 5 DT, R DK
WS TH %, REBCO b DIz E ATV &~ A
BEREDY TV TERERTETH B0, O EE
W 2o, 749 2> Mhick b REBCO J@%i
BALT 2L BT, 74 T X v+ EDOMDREMR DTN
BROSNB, L —F—RA7 54 ¥ ZhILiz REBCO ##t
MOEeRAT ) 2ZBARE LAYy 7Y v VT HEZERT
BIENTER LSS TEY, SHEIFMMLE N
RHEO%ﬁ@W%¢%ﬁ%%%@ﬁJMIK;ofH@
&) BT 20 % I L KSR ARG T 5,

2. EER

J2E#12 12 EuBCO 12 BaHfO @ ¥V [Ed 2 v ¥ — B3
7 REBCO ##(12mm IF) %7, etz
Ag BOAORMTH 5, 77K, HOWSFCHMEL 7 L
X 635 A THo%, ZDEMM%E Tpsec 7V RIED UV L
—*f—%)ﬁwf:xﬁ FAEV Nk HST 10 749X

MCBEIT 2 ML 2T o7, AU AF v F 2w
72 10 EIFENT¢, 10m/h OMEECIM T L%, 74
FGRAVE1ET745 AV 10 DM OEMD N ZF 1
A RLELETERE L 2\ X )T, IEA RIS L —
F—IEEl BYIDMT) 2f7-oTh b0, FEIZIE 1]
747 AV MIFEINTHS

Ay 7)Y THEEIZT 4 T A Y EOESIC KK
DT, £307 47XV MEESEZRICTIGL 72,

10 7 4 7 X v F&EOBSH ORAER L1, BED
ME% Hyck LT77TKE X O70K ¢3T % CHHli L 7,

3. EREREER

TR 800mm THFHTHIER 635mm D7 4 7 X > b
MO MER R 2 L 1 IR T, RO fEIE 1.01
x10% Qcm THY, Hy U v FTEBEERICIETHRE
HHEREINIEEZTWS

Table 1 Resistance and resistivity between filaments

Between filaments Resistance Resistivity
(] [Qcm]
F1-F2 3.51E+03 2.23E+05
F2-F3 7.70E+04 4.89E+06
F3-F4 1.58E+03 1.00E+05
F4-F5 6.80E+02 4.32E+04
F5-F6 2.43E+04 1.54E+06
F6-F7 2.93E+03 1.86E+05
F7-F8 1.37E+03 8.70E+04
F8-F9 2.88E+04 1.83E+06
F9-F10 2.51E+03 1.59E+05
F10-F1 2.00E+04 1.27E+06
Average 1.63E+04 1.03E+06

-Ezi@qﬂﬁﬁ?ﬁ@u L (B) OWS DR ERR AKX
1IZRT, A& (077K, O:70K) AL ETIaI©, 24
(I7ﬂ<.7%0bﬂO“ﬂﬁM@M%¢1®#%T%
%, 10 DEEH D 70K, 12T D Ic 1363 ATHY, Zh
% 10mmiBIc#E 32 & 302 A &> 7z, DEIINITREID
1.0T OF—ZAXMLTWEDIFERLI-BRORKRE
7 500A A TLE-70TH D, 1.2T TRINTHZ
MICEANT10 74 T 4> MEMO LIZK T79% TH Y, L
ETEE 21%TH 7= AT TAEVIIITIC K 2EE
ETFXRFW 1I5% TH-7-DT, MIICLD [ETXRITE
1ARH7-Y 0.6%REICIZ B ENTES, TNIERY
JAEYIOMIREDRLEIZLE EEZ SN,

I T I | I I T
H//¢

500 — -
. 400 .., -1
=
& e
g ®e
a 300 363 A (12mm) ° ol
& 302A (10
® [302 A (10mm)] °
< L ]
= 200 n 0K
~ Ll ™

Ny
Before scribing 70K . ™
100 |~ @ 10 filaments, 70K | b
77K
Before scribing 77K
| 10 filaments, 77K
0t 1 | 1 I | |
0.0 0.5 1.0 1.5 2.0 25 3.0

External field (T)

Fig. 1 Z(B) results of un-scribed(open marks) and
scribed into 10 filaments(closed marks) coated
conductors.

4. it

AR FENZOFZERIFEE AR T L X — - PESERANTHE
HHAFERRE (NE D O) OZGERBOHIRME S iz b DT
j‘o
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Critical current characteristics in longitudinal magnetic field of
twisted RE conductors
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1. [XL®HIZ

HREEERA DO EFE 1 OBE S I ATICHS B 2Nz 7=
TEREF (B I ) TiE, |WEIZ B ZMMAT-BER (B L DEVY
RS SIS %, BAEIE AR~ HrrEn
% RE R — MM T ILOBIAME SN TNDED, Z0H
IS, ZO/NS7eEBINRT, K& H CBASCER L
WO ZRITIREBIROTANIRK ELTE 2 HD,

—5T RE Ra—MRHIZT —TTRIRTHEMR, iy
/l)X}\%:le]ZZDl&T‘\ BIRDOTENE —IRTTHDD ZIRITHIIZ

BERZHIENTED, ZHUTLVBER EEBIROTATE N LU,
[ DREIREENRIBZIGHND A REEDR D5,

ZZCABFGE T, TR RE 2o — MRy A AN A,

MEWEF T I2B1T D I ZEE M TIE THIEL L YA RN
RAEIFFECE DI e 5 2 D i~

2. EEBAE

ARG THER L RE f2—MIE7 o774 8o A T
B 72 L BY#EH | Faraday Factory Japan #3844, 5510
ERER TR THD, B OMEILT T 4mm C,
I M OES | N TEOfEEE% Table 1 (2R $, WAAN
7EED | B TF OBMESEYVAAN YT TP Lz, VAR
rOG NI EREEICLDH OBAEZEBL T, Z2AREHH
LUTr FE B LR DT D I A AR TN T Ty M fi
1% no TP £L T, FJEt:focEJF{ﬂﬁ%ﬁoto

WIRELZ T COERNE-Z {JILI%I‘ | BRI 1EE A
WTHIEL, I 1X 1.0 x 107* V/ma) B IEETHRIEL,
TS i?ém@@ 7 N SEATIC, Bi2223 #EE oA L% ]
WT0.30 TETINA T,

3. AIEHER

Fig. 1 (Z&#A D no TP O H S ITE T DG B
[flat 2 HREAL LT I /188 0 TP k7% 7~ , TP=200
mm (3T X TOMS T [, OLHALITIND, TP Db &k
I TR L, TP=100 mm TiZ 0.6 Ifat ETHIT%
B bHD, ZOX57 I BT DRHEICRDDIE, VA AN
& TREEBIZEINCENMb DT TEIREE A RS
N5 T, R FHERIES N TOA[1,2],

ZZTIL YAARMEEDI DD TP=200 mm {ZiE
H 9%, Fig. 2 &7 V74RO A TE 72 L - B0
@ TP=200 mm, no TP |Z33\J% H R O R EFEIeT ©
I BIRRRAL U T2 1 /I8 DR R % Z 9, Fig.
2()D7 7T NTE V72U @ no TP RIS /B0 BN
7208, TP=200 mm Tl I, £30.20 TT IS 255 1.6 % H40
L7z, F72, Fig. 2(b)D 777 N TLE VSV E no TP Tl
I B OB MIT 2223, TP=200 mm T1%0.03 TTL. 723
0.8 %ML, ATE HVERL TRADIRENIR-T, £
7= Faraday Factory Japan f:8U8 6T | (3 A FE S T ARG
%, 7V 77 N LRV HOMM LRI R Y AR D
ZET, I OB TER TE I, @‘iﬁ?b% ARIEELE
TP=200 mm TLIse" |34 1tbﬂ\tcu\7b> VAR LR
M XS IRE  F RIIEMFEE 3], IO/ SANEE
T 2ZeBTEIND, _03/\;(@7”[:@4:@**[5@ 5 it LT
WOFATRE DR ELT2ZETno TP Kb 1. OEMAESHIL

bOEEZLND,

Table 1 Specifications of the RE conductors.

15¢'f [A] | Thicknessimm] | APC
Fujikura (no APC) 270 0.13 —
Fujikura (with APC) 165 0.11 BHO
Faraday Factory 250 0.07 Y,04
Sumitomo 225 0.19 —
— T 7T
1+ ([ ] la) ) -
[ ]
® 8
0.9r 1
®
"o 0.8f ° 1
= (] T=773[K] s.f.
0.7} e Fujikura(no APC) | A
o Fujikura(with APC)
e Faraday Factory
0.6 L4 e Sumitomo 1

0. 1 1 1 1 1 1 1 1 1 1 1 1 1

%0 100 120 140 160 180 200 220
Twist Pitch [mm]

Fig. 1 Twist pitch dependence of I./ Iﬂat of RE coated

conductor.
(a) ' TP = 200 ' Fujikura(no A'PC)
s mE ®m n -
10085 & 8 5 . ]
noTP ©
o
9\0 T=773[K] o
- 0.90 t t f
= (b) Fujikura(with APC)
10048 5 5 % w TP =200 ]
no TP °o u
n
o
[ ]
0.90 > L L
0.00 0.10 0.20 0.30
BIT]

Fig. 2 Longitudinal magnetic field dependence of I./I5¢!
for TP=200 mm, no TP at 77.3 K. (a) Fujikura (no
APC), (b) Fujikura (with APC).

HitE
ABFFED—EIE, B ASEHR B ORI :21H018727>

LOB A ST CHERLT,

S35 Xk

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

2. X.Lietal., Cryogenics 126 (2022) 103523

3. M. Takayasu et al., Supercond. Sci. Technol. 25 (2012)
014011
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Study on multi—cracked REBCO tapes with intermittent microcracks introduced

SBPR FH (ETKR)
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1. [ZC®HIZ

REBCO 7 — 7 #M DL AbIX, R E RS, 220
HIREDUFIIAN THHIENLLLDRFENMTbIT
UWNZH RN CAZ LA OB B OB TR BN L
DREIRFRELRY  ~ A 70T 4T A MA~DBRFITHEA T
RWBURTH D, SO TV U527 oy Bl L7,
& 2 DR O RBEREMERFTDZENRKO LN, JFEAICEH
KERBENDHD,

AWFZETIE, R EHERE DS BRI, B
EBIREHERFATRE R A T/ T 7 AV T — T 2B =1L
Too T— 7 ORBEEBIIIZLOWtNIR~ A Ias Ty 0%
WAL, ZROIORERRENELIRNT LT, 2RI
MWD IH72MEE R, DL N TLrTv7 (OO (E) ) AD
M B L7 (%) B4 AT D00, BEERBICHEH 758, 2
DIIRMIIZ RO ISR E B L TEBLT, 777k
STHDINTHIESNDZ LS, LI EL AT,

2. EE

REBCO 7—7##f 1%, (R 727 78-OtEIE 4 mm, JES
X 75 pmERAYFRL, AOEL L) ThD, ML E I
Fig. 1 IZLO LM T E AL, JEE 0.1mm O F %
STHENRTHAL, XT3y b BOAHTZ, £ 1I1ZATY
S MROER G 2R L, BB O Ag B2E T-UIkrE
AR L7,

Fig. 1 Multi-splitter to fabricate multi-cracked REBCO tape

#1 A7V MM OER G

LA ISAE s
HHDAELB B X Evh) 37X3 =111
IS OETING Ag (A= JE )
n—Y 7 O Ta% 10

3. RERMEREFLED
HESELBZE D720, Ag REELZEREL, BB
$IZEY Fig.2 OISR B ENGONIZ, FIOB G WA O

FTFHITHY, ST 0D OIE 7 16 ThD, MO ET
FFIANZ AR 2D, 2RV N TOM T LI NHE AT
Vb Thd, BMOESIIEEZ T, 100 m BELZOLIT
LBV, v A7aLJUIZENWZEN DD, BRITAL RO RS
DOMFE 20 um E[ECFREE T,

Fig. 2 REBCO surface of the fabricated sample

R SRR OWEIZ LY | Bk o B SR 23N LR 1 0m]
T20%I< EFHT DT b, KELdEmENMELN, 2
NOFERIZONWTIE, FEAED, Y HICRETD,

A RN DNV T, B ORALIRINE B L O a A vicks
o3 3alb —ra A K0EHIL 7o, #6 DO REALIIE O fk R
TIE BB 2 5y D1 KO ELIZSESNDZEN R ST,
AL TORKIL, M OB R OFRERAFIHL Toia
L—au Uiz, aAVOET VL RO Fig. 3 IRL, £
FEM |\ ZXDR a3t L, T ORGI I § 084 —v D
M OB REEF LT, aAf V2RO EEHELE,

100

514

5 &:100mm
AME:70mm
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v — 7 @i 100A

] 1]
! —

70
AN DFESTIA

Fig. 3 Model of coil with magnetic field distribution
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Multifilamentation of MOD-YBCO thin films on Al,O, patterned substrates
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1. FUsIC

YBa,Cu,0, (YBCO) it D I DI I 1, YBCO
JEN DR 1R DWEHIR OB ENHIH 2 D 2> NF 7 4 5
Ay MEDYERITH 5[1,2], Tex x2Sk s LT, FEl
2B L CHRIET 5 2 &I X B BELEE ORI
HEHLTW3[3,4], 2N TZr 2RI Y —=v
L 7= SrTiO,(STO)EHR iz YBCO %4 2 &, YBCO
& STO E¢i3 3t L, Zr kEcidfssits il s
Z &, MFRRICREREIHL T2 2 LR HREL T0w 5,

AT, FT72I12 ALO, Z Ny —= v J L H BT
YBCO %L . MEOEWIC X 2TWEOBAIR~NDE
BIZOWTEETLIERHNE L,

2. EEAK

HBUIZ 74+ VY7574 =T Zr BLWALO, %
8 um BXU5 pum BETZNZNEMN I TR e
DS IREBITIAIN 100, 200, 500 pm D[R CHlER I
288 —= 7" L7 SrTiOL(STO)% Hv>, TFA-MOD iz
TSR 600 nm @ YBCO Z)&MEL 72, KIZ, ZhFn
DFBHZ D WLTEHHNENE 10 K 04 T oo % 0~
400 Oe DHLFM TR IMEEMO)BIZL., fon
72 MO %Iz TREMN L MER Sy — > 1 FIcER LT, %
WDIRAIE(Fig.3 ABEE A D)% %D 1 510 3 T
THIET % Z L Ic & D IERDOBRABEDZA % FHI L 72,

3. BREER

Fig. 1(a) & (b)iF Zr & ALO, %Y —= v ' L2 NZ
NOEM > YBCO E#FD 20 Oe I2E1F 5% MO T
HY. WHEPERICEBATZIEEOBHE L 55, Zr 3
BFCIE MO %o LT ATANCEROH 2 Wi BlIE I,
WRDOBEADFED 6705, ALO;FAEHCIL AT Tl <
BoTBY WHEOBADIZIEALBEIN G-, &
DFER S . RDIBAIF T, Fig.2 oAK D Xk 951
Zr T LEORENIZ BAREL A AELNL . YBCO HEhsA:pl
LCWw3 Z ERBEI NG, Zr B2~ T ALO, LTl
FAHPBCAYELIL 7 YBCO DAV E W 2 & 235
AbN5,

Fig. 3 1%, Fig. 1 ®ZnFhno MO %o /el 1 A0
Z0ICHH L, HAGEOBERXD X 9 1z MO B2k
DR DR AE(A) & S B) DBIR 2 1~ 3, SRS
BRZEVIEFIEWHEOBARPIKREL 75 2 LRI N,
Zr % ALO; D% — VB L U8y — v E EDOENIZ
H{RE DT YBCO FPEMENS CHEEL TWwL I L
BEZoNB[5]l, ¥/ 2 20FBECHIKT % L, [FH—
DIERES T Zr 1R T ALO, B8y —= v 7L 7=
RO S BRER DR AR NS WEACH B Z L, F-
[ — DR AIRTIE Zr ITHRT ALO, Z Ry —= v
L 723 Bl D 705 & D K& WANBRES D3 T & B AN
HDZEDPBEIN, ZOMERIE, Zr EoEX D ALO,
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Fig. 1 MO image of YBCO film surface on Zr (a)
and Al,O; patterning (b) at 10 K and 20 Oe.

Different phase
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Fig. 2 Schematic image of flux penetration and
YBCO film on STO and Zr.
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Fig. 3 Relationship between applied magnetic field

and magnetic flux penetration width at 10 K.
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L. measurement of REBCO tapes in high magnetic fields and variable
temperature using 5 kA pulsed current
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Fig. 1 Waveform of pulsed current of 5 k A by using a
supercapacitor (CHEMI-CON, DLCAP).

Fig. 2 (a) Waveforms of current and voltage during
pulsed currents at 4.2 K and self-field. (b) Current-
voltage curves measured with pulsed currents at
temperatures from 4.2 K to 40 K and at self-field.
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Analysis of Obstacles in Long-length REBCO Coated Conductor Made by IBAD-PLD

Process Based on Reel-to-reel Scanning Hall-probe Microscopy Combined with Machine
Learning: Comparison the Wires from Different Manufacturers
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Isolated Obstacle(95.1%) Cluster of Obstacle (99.8%)

e
T e———
Fig. 1. Object detection results of Isolated Obstacle and Cluster
of Obstacles for manufacturer B IBAD-PLD tape, by Object
Detection model based on manufacturer A IBAD-PLD tape.
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Fig. 2. Statistical distribution of obstacles length between

long-length tapes from manufacturer A and B.

ATy —Romy M) D ZE [R5 — PED 7 RO T2 H )8 ] TE
LEEZADND,

Bt #1772,

3. WREEE

MBI~ FIxET D Y% T L O HifE SR D —B6
%ZFig. URT, BMBOJ~ v 71X, #MFEO hL—=
YZZEFES LSO BT RV, BRETA & R UAE
i DIsolated Obstacle & Cluster of ObstacleDFEIE M H X4
770 1 HFE FE EBounding Box DA &4 1X Confidence® i<
ELHSINIZZ LD 53D3%, Fig. 212 _FEfHobstacleD 1

HEF AKHFZEIL. JSPS BLEF#E JP19HO05617, JP24H00320,
JP23K 13368 DBk &E =T 7eb D ThD,

Ry A% B LTz, R &40 mmE TR SFEHIZ AL,

= . A . 7 B Xk
SR IEA92 Inm'C“&){?\_&f)%y\ﬁlo Teo FI, A BIZI [1] M. Friesen and A. Gurevich, Physical Review B 63, 064521
TCluster? A7 DB DBFHR AT SN ZER 3D 0T, ZiIh (2001).

DOFER LY | IBAD-PLDIEIZ LA MM 13, BT E IR O 45
BT DZED D, YEET IWASI DR SR 23 705

[2] N. Somjaijaroen et al., [IEEE TAS. 32 6601504 (2022).
[3] & et al., IRIRFK TFREEE(2023), 3B-a01.

51071 20244F FEAFRIL L7 - BAEE AR RE



1B-p03

HTS M5 (1)

K-Bal22 Z#& RAEE TOLXIZHETS J ENMBLULIEER

Mechanisms of J, increment and degradation in the fabrication processing of K-doped Ba122
polycrystals
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Field (T)
Fig. 1 Jc variation of K-Ba122 polycrystalline bulks caused
by Esm during the 1% milling.

Fig. 2 High-angle annular dark-field scanning
transmission electron microscope (HAADF-STEM)
images comparing the grain and grain boundary (GB)
nanostructures in the two different yet high Jc K-Ba122
tapes. (a) FeAs and Ba-O block the GBs in Hot-pressed
Ag-sheathed  K-Bal22  tape. (b)  Physically
well-connected, clean GBs found in Stainless Steel
out-sheathed K-Bal22 tape. Both tapes exhibit high Jc
of 1.4-1.5x 10° A/em? at 4.2 K, 10 T.
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Prototype of high strength Cu composite for a practical SC tape
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Fig. 1 Stress vs strain curve
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Fig. 1 Configuration diagram of test section.
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Fig. 2 Experimental sample.
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Fig. 3 Relationship between maximum sample temperature
and cooling time.
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Fig. 4 Schematic of vapor behavior around T-shaped fin.
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Pool Boiling Heat Transfer Enhancement in Liquid Nitrogen Using Parallel Grooves
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Fig.1 Dimensions of the specimens.
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sing boiling heat transfer using low conductivity materials,
Sci. Rep. 5, (2015)
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Fig.2 Temperature histories of bare and textured plates.

Fig.3 Photographs of a copper plate boiling over. (right) a bare
plate. (left) a plate with parallel grooves filled with sealant.
Both plates had the same temperature of 173 K.
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Transition boiling heat transfer on a horizontal upward-facing surface in liquid nitrogen
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Fig. 1 Experimental setup for measuring boiling heat
transfer in liquid nitrogen.
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Fig. 2 Steady-state pool boiling heat transfer in liquid
nitrogen.
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Characteristic feature of He Il boiling around wire heater at vicinity of lambda point
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Measurement of pressure drop in capillary and applicability of existing correlations
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Fig.1 Samples of helically coiled capillary for pressure
drop measurements. Both ends of capillaries are joined
with pipe fittings by silver brazing. Inner diameters of the
capillaries are 0.1 mm, 0.2 mm, 0.3 mm, 0.7 mm from left
to right, respectively.

40—
20 ; ﬂ _:
. '“\E :
% O : W\.Q -
Nf _ \\\\ :
- —2— Ghobadi g
=20 = Schmidi -
 —=— Manlapaz and Churchill e
:—V— Hagen-Poiseuille :
AT e 6w
10 100 1000
Re

Fig.2 Differences of calculated pressure drops from
measured values. Pressure drops are measured for
capillary of 0.3 mm in inner diameter with helium at 77
K. Calculated pressure drops are obtained by Hagen—
Poiseuille flow model, correlations proposed by Manlapaz
and Churchill, Schmidt, and Ghobadi.

APdif = ((APcq; — APpea) /APpeq) X 100,
where AP,g;: calculated pressure drop, AP,.,:measured
pressure drop.
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3. Schmidt, E. F., Chem. Eng. Technol., 39 (1967), p. 781~
789
4. M. Ghobadi, et al., Exp. Therm Fluid Sci., 57 (2014), p.
57-64
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Simple level meter using a thermocouple and heat leak estimation
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Fig. 1 Experimental setup for measuring the level and
heat leak with Baffle Board
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Performance evaluation of external—heating—type liquid hydrogen level sensor
using MgB, wire with low superconducting transition temperature
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Fig.1 Temperature dependence of electric resistance for
unit length of MgB, wires.

*MgB: level sensor E
M!,Bz level sensor with non-superconducting wire W03 S
<
e

= ‘i
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+Actu level
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80 0.
E
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|

Fig.2 Actual liquid level by visual observation and
measurement result of MgBy liquid level sensor
with/without non—superconducting wire at a heater input
of 6 W.

80 ’ﬁ?gn....

1
_ —
g “MgB: level sensor i i’ 1 aﬂj
= MgB: level sensor with non-superconducting wire M 03 S
ot .
] [+ Actual liguid level : [ ~

Fig.3 Actual liquid level by visual observation and

measurement result of MgB, liquid level sensor

with/without non—superconducting wire at a heater input

of 12 W.
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1. S. Fukumoto, et al: J. Cryo. Super. Soc. Jpn, Vol. 57,
No. 1(2022) p.39

2. S. Fukumoto, et al: Abstract of CSSJ Conference,
Vol.105 (2023) p.43

3. T. Oshima, et al.: Abstract of CSSJ Conference, Vol.106
(2023) p.88
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Measurement of magnetic properties of ferrite and dust cores at liquid nitrogen temperature
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INOUE Ryota, SHIRAISHI Tomoya, UEDA Hiroshi, KIM SeokBeom (Okayama Univ.)
E-mail: ryota.inoue@okayama—-u.ac.jp
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Table.1 Specifications of the ferrite and dust cores
Material Ferrite core Dust core

Mn-Zn  |Fe-Si-Al (Sendust)

Outer diameter (mm) 51 33

Inner diameter (mm) 31 20

Height (mm) 13 11

Density (kg/ m?) 4800 6100

Number of turns

of magnetizing coil Ne 60 40

Number of turns of B coil My 30 30

(@) W-Bm curve (b)  pr-Bm curve
Fig.1 Magnetic properties of the ferrite core at RT and 77 K.

(@) W-Bm curve (b)  pr-Bm curve
Fig.2 Magnetic properties of the dust core at RT and 77 K.

Fig.3 Experimental result of iron loss in the dust core as
functions of frequency at RT and 77 K.

S5

1. O. Daizaburo, et al., The papers of Technical meeting on
magnetic, IEE Japan, MAG-08-78, (2008) pp. 7-12
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High sensitivity measurement of strain gauge by a new analog—difference circuit
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KANDA Masae, YAMAMOTO Mina, YAMAGUCHI Sataro (Chubu University)
E-mail: kanda@isc.chubu.ac.jp
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Fig. 1 Four strain gauges for the test
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Fig. 2 Four strain gauges for the test
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Table 1 Temperature differences between strain gauges and

copper plate

current [mA] 1 10 30
A = 0.25 = 0.65 ?5.7
B = 0.25 = 0.50 ?1.25
C = 0.125 = 0.25 = 0.50
D = 0.125 = 0.125 = 0.25
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1.
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FiRE 2022052746 (RFaF AL E 202343 16 H)

M. Kanda et al., “High—sensitivity measurements of
various materials at low temperature using strain
gauges,” 2C-a02, Cryogenics and Superconductivity
Society of Japan Conference, Vol, 105(2023), 2C-a02.
WA R EEN S DREOES — 2 O L - &k
HE, SRR X aERE2024) 1-041.
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Fig.1 Cryogen Reclamation System.
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Fig.2 Photo of the Cryogen Reclamation System
attached to an NMR magnet.

Fig.3 Test results of heat power on second stage of
each product

Fig.4 Test results of heat power on first stage of
each product
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Application of solid and liquid hydrogen for laser experiments
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Fig.1 Gekko XII and LFEX.
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Fig.2 Solid hydrogen moderator.

Fig.3 Thin film solid D, target.
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BINTDEBZ0ND, DFVEBSHRIEDIREZIE
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T 5, WG OE Bkt 2 BAgEE8% O
{24513, AR & 512 NbHg o (D578 Pure Nb & Hoil
L CRIBEDIEA W 3D F 0T KE VN, 24T NbHy g2 (0
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1. [ZC®HIZ

TRIARIKFE ORI O Fe7- 3728, 20K T iR
B S RITBEIT AR S RS T D, ZOMERIS,
BEE AV E AR BIET RN H 1], ZoW, #ik
IR TRIE, BERA HRIZIB W TR, BEPEA B~/
WEAY (5 - M) DR LS, T E = A )L OB ZE L DA
WULICE DD THD[2], BIFRE T, B BT
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2. FEMEEK

FHEIRE O A 1 1R, BlEHO R R GHE
JEW S 16Hz) O, #EEaA L (7 74 A 4mH) &
R 7 (R 25mE) AN AL Ry % 2 IR E LT,
F7e, FICHARCTROMBEE A LA EFREBNT 1 RAIEL
72 BIOMAE DAL THEOD, a2 B S 1T 5720),

Fig.1 Composition of induction circuit

3. RHTICKDFH

B 1 OFERFKICIBT, BREKIRE AR TA L
FOOREEREIC IS L TR T 20T, BT 7 b
ELF/MAGIC Zffi > CRFE L (4 2), F7=, K2 DHFe 3

HIZOWT, 1REBIREE 1V ELESEE 0 2 RSB E
ﬁ%ﬁu‘_@% 1), 723%, BIELERIOIHRAED 6@(&47(
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W OIFIET D ENFHITET,

Coil genter distanse

(Xt o5t

Fig.2 Coupling coefficient depending on coil center distance

Table 1 Coupling coefficient and balanced secondary current
depending on coil center distance(excited primary voltage 1V)

Coil center Coupling Balanced secondary
distance(mm) coefficient current(A)

12 0.5 5

46 0.1 8

100 0.018 2

4, RERICKDHHER

£ 1 IZECTaA O MEEREE 17.0mm - 46.5mm -
99.0mm &L, AlEHEE[FEREOIREERICLDRZBE A G
THEBRTDHE, 2 WOEEERN 1 WEIRE/LIZSC T 3 0
JONTZAb LT, B3I D AR D, 1 IREIRETE 1V
ELIZHE D 2 R ERA S (R 2), & 1 LT
INSOIRRD, 2 POV E A RELT DDAV
DFEEBEOAFTET AT EDMER TXT,

Coil center
distance

Fig.3 Balanced secondary current depending on excited
primary voltage

Table 2 Balanced secondary current depending on coil center
distance(excited primary voltage 1V)

Coil center distance (mm) Balanced secondary current (A)
17.0 4.3

46.5 6.2

99.0 2.0

5. HHYIc

ATGATHE I 51 &R0\ T IR BB S BR AT JRh - YR AT
A@ﬁﬂ@ﬂ’ﬁ%b‘%u AP HI LN TEI, AT, RFHESTR

RO Z B O LR Rb DL L b L
LT%:“HT%K, HiRI= T Y ~OBEIROBHED L7
HBINZRLDIZEDZEEL THIRET 2,
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1. INTRODUCTION

In general, the lower the expansion power of the pulse
tube is, the less effective the phase shifting ability of the
inertance tube is, resulting in reduced refrigeration efficiency.
For achieving low refrigeration temperatures, a higher phase
shifting ability is essential. Therefore, complex phase shifters,
such as cold inertance tube, moving piston and displacer are
used in multi-stage pulse tube refrigerator. Shared inertance
tube multi-stage pulse tube refrigerator driven by a step piston
compressor has the advantage of getting higher efficiency with
a simple structure, which is discussed theoretically.

2. STRUCTURE

In Figure 1, the step piston generates two compression
spaces. Each compression space connects one stage, all pulse
tubes connect one inertance tube. The function of the step
piston is to distribute input power to each stage, and to
re-distribute the phase shifting ability to each stage with the
help of a phase adjusting buffer. An inertance tube which is
shared by all pulse tubes can generate higher phase shifting
ability and the lower temperature stage can get phase shifting
ability ratio more than its expansion power ratio, so that it
could get higher efficiency.

Figure 1 Shared inertance tube pulse tube refrigerator

11.first phase adjusting buffer 12.first after cooler 13.first
regenerator 14.first cold heat exchanger 15.first pulse tube
21.second phase adjusting buffer 22.second after cooler
231.second regenerator hot part 232.second regenerator pre-cooling
heat exchanger 233.second regenerator cold part 234.heat bridge
24.second cold heat exchanger  15.second pulse tube 31.linear
motor 32.step piston 33.first cylinder 34.second cylinder
41.shared inertance tube 42.buffer

3. POWER DISTRIBUTION
Assume it is isothermal and no pressure drops from the
compressor to the cold gas at the cold end of the pulse tubes.
The piston step ratio is equal to the swept volume ratio.

(1
a is the piston step ratio, D is step piston first diameter,
d is the step piston second diameter, x, is the step piston
amplitude, is the first swept volume, is the second
swept volume.
Power ratio of each stage is expressed as

@)
W, is the output power of first stage, W, is the output

power for second stage, P is the pressure, T is the period.

4. PHASE SHIFTING ABILITY RE-DISTRIBUTION

Mass flow rate ratio :

3
m; and m, are mass flow rates of the first and second
cylinder, respectively.
By mass conservation

“4)

(5)
and are the mass flow rates at dot line I-I

and II-II where mass flow rate and pressure are in phase,
respectively. t is time. Ris gas constant. Vp; and Vy, are
the volume of the first and second phase adjusting buffers,
respectively. and are the volume of the first and
second after cooler, respectively. and are the
volume of part of the regenerators at the left of dot line I-I and
II-1I, respectively. and Tg, are the temperature of the
first and second phase adjusting buffer, respectively.
and are the temperature of the first and second after
cooler, respectively. and are the average
temperature of part of the regenerators at the left of the dot line
I-I and II-II, respectively.

Put Equation (4) and (5) to Equation (3), and re-arrange
the terms in phase with pressure and in 90 degrees with
pressure, then

(6)
The buffer, inertance tube, and the total volume from dot
line I-I and II-II to the hot ends of the pulse tubes form an
imagined Helmholtz resonator. So the total volume from dot
line I-I and II-II to the hot ends of the pulse tubes is almost
constant, then

(7
(8)
and are the volume of the part of regenerators
at the right of dot line I-I and II-1I, respectively.
9)

The dot line II-1I is moved to the left, and the dot line I-I is
moved to the right when the volume of the second phase
adjusting buffer is increased or the first phase adjusting buffer
volume is decreased. It means that phase shifting ability can be
re-distributed to optimum for low temperature cold head.

5. CONCLUSION

The piston step ratio controls power output of each cylinder,
and re-distribute phase shifting ability with the help of a phase
adjusting buffer, so that the low temperature cold head can get
optimum phase shifting ability for higher refrigeration
efficiency.
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1. 1EC®»IC SuperGM 7B Y = 7 b T LHe HHEICOWTHE
NIRIEYTRBEDRH B Z e, FiEEhTW5b, HEE
M BT, (REGBH OF 02l & DHREIC X 2 IBGHTD
HEIhTW3, H5EEETETL%EHWT, He, Hy, Ne, Ny
WOWT, L 7RV TMRBBR SN DD EHE LI2DT,
ZOEEWET 5,

2.EBIETIVEREE A IRV Y IMRERIT 57
® DfE 5L ¥ € 57 L% Fig. 1 [ORT, HiEFAEEBBRT
R HHETFETMCENETRS 0~ 9 DIR->TH 5, wifld
MEES 0 25 AEEFICA - T, MBES 9 26 EIE Ak
HEhd, MEIEEPO2 SEAS N, AE 1206 2 TR
SEER AN, (718 2 THEETFHAEICA 2. [EHET I,
WHINRTH 2 BBEERE A NDD 2, T4 LVEDFE
Qo 22T, WIESULT 3, i 3 BT RN O Kl
BRTH D, [ILLTSEE, ME 4 084 7 CHEEFErE D
HAE 51220 THH L, (i 6 ~ 7 DB A D, K
AN OBRAZR < KSR L, HORESERL 723 X
5, BEEU TSI N2 D T 5, WXEEY — L%
NLUTHE9 2oftEh s,

AT % f IS 5 72, BAKERE 2 BR WD T, A O A8 D
5OBB NI T 2, Fie, IWIERIC X 2 EHEK D EHT
B, X5\, BAR Qo IZBIEOBRDATHINT 2 ¥
b, ZIZT, WO EERERE 1 (0= 0,...9), [5G E K
Br w, BB TOWEAE Q, BIHOHABREE m 2T 5,
KEBDIRER (RE T;, Bh P, kv ra v — S, ko> &L
v— H;) B3 2 BRI RETEHRTR LU [1],

AFHTUE, WIIRE 0K & < IR E O E K & 540

TE3r L, HMODERE Ty, [EH Py 2T, IEXNE 7 DK
BEFTHZONE, ADOEN Py BRDIUR, HE 6 DIK
REIEONZ, UEG6 & TOIENDPRL %2 AOEN Py
ERBR LEIE L TR 12,
3. 5HEM  HIE [1] TR DR E S 5B PSR T,
NIZRYE Y THRPEFBFTE RV L EZR L, AT,
M Ze A A R (1%L 5000 rpm, AR 148 60 mm) % &t
RKr L [2], Fig. | ITRTEERTE TV DENEO [ E %
Tablel 12773 & S WRE L7z, HHMEE 300 K, HAEST 1.1
ata ¥ LT, Bz onWT, AT ERD =, Ne TlE, &47
BB 2HEE L ENIZ Fig. 2 1ITRT X515, ADOEHZ
S ICAFEICE>TED, RV 7Ry ZR R HIFT %
BN PoiRoTz, —H, Hy ZAODT Y 21—
AAREL, MERIC X 3 T2 RV =2 NE S B
72, BEE LRI R S o 7z,

Fig. 3 A TR HADENZOMFRE RS, RARKEOM
MO B 2ATH S, BEL =Y brE—DMFRRED
M T% 2,

4. T9Y BHREEUTOBRBEIZOWT, V7RV 7%
REFE L, BAEESCHIERENEL AL METH
DS D, BERPPRFTER VS DODDH 5 Z L DS
ME ol S, AT TITbR T 3 FEEE RO BEE 21T\

outlet

10 inlet rorating axis

heat load Q,
Fig.1 Rotor Model

heat exchange Q

Tablel Rotation radius of each part of modelrotor

ro 2mm r; 2mm rp, S5mm r3 40 mm
r4 Smm rs Smm rg S5S5mm r7; 55mm
rg Smm r9 10mm

vy 1 4q0
45678910

position

Fig.2 Profiles of temperature 7" and pressure P (Ne refrigerant)

0 T T

_40 1 1
0 10 20 30

molecular weight

Fig.3 Relationship between refrigerant molecular weight and re-
duced pressure

720,
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1. [XL®HIZ
BEE -~ 2o MRS AH720120%, 72 FOFIKkE

NIRRT DZENA R F B ThHS. Lo, — RIS,

EEAR B E(HTS: high temperature superconducting)~72" 1
s F TRNEREECHS. HTS #A O @O EEGS LY
BFEWAVRERICER U TR B I A NI IE RS T,
IR OB R IMPNENDTD ThHD. Hkx 72815
HERRINTETRY, FERD LB TLEZESCNT
VABEE, BEEERNT rAN—ERMA T 55 ERES
FEZER AR FIERB RSNz, OO TNT U REE
EIEROIKBEDLILTODFRIETHLN, BIEEEEZRDS
BPERAE @ DR T DR BT 5. Hiie

120 = F IR TFEE PR T T DM B IRE L TIET S,

TIT, AT, REFE IS 2AVEED TRIES
AL, 7 FRRHICK T 2 M ERRET 5. A4l
REFEHDO—D>ThHESIABL=2—T NV Ry NT—2
(CNN: convolutional neural network)Z£8H 5. #4575
flE1#&(PEEC: partial element equivalent circuit)i£(Zd~CT#
—[Wi#fakx REBCO (rare-earth barium copper oxide)” 3> —
Fafailalb—iarl, o a A VEELZTRIZHC
FREED. TANAT —FO 5 PRIOBIEEEEZADL, &
DITHE 5 BRIOETEE THIT 5.

2. BETF—R(QAA/IIWEE) DIRE

PRIF 43 E| PEEC 2LV @B EA L I2l— a5,
FEAT R IT R 1 1R T ¥ — U [EHak% REBCO /X7 —FaAf
THY, BB AT 52 TRPIICE & EE B O S
o, BAGEFTIXIANVFRAED 2 Z—2THY, BeAEN
BT 4.0-45W OFPHNELT-. FEERICELNEZOFIS
WA 1 IRT. = 5 BnBInEERIAEL, 12 FPLIKIC
¥R A IS (2 VEBEN LR L ICEIE) 5. 4
ENIEAD T N LB NG OMA G DOEEETEL, 1970
EAEFEA, 499 WiETANAT —# LU TUEELTZ.
WZIXATT SR, K71 5 Bodb7zdiliies 1 7 —%ELC, 103
U FH LI 10 T7 — 2 & B L3238 Sz,

3.CNNI[C&BFERODBELTAMER

2 (24 EIfE % CNN OffRkE 87, 10 VPRI
PPV T INTI B AT IENDE, 3 BOEHAREIC
FoT16x16 OEIEEMIEMSND. RZICERESTEER%
T500 Yo7V 7T —2(5 )& 1T DR E 7> TA.
Alal, FEOREE HEL TH BT dropout MLFRAE A
LT, Fo, KTRZRD /T A—ZE850T 140708 Thb.

AT REROVEREE T ANAT —ZICXORFET 5. £, 7
ANHT —=EDI T T T HGELELRNGE DOWTEE 2 5
IR S, 5-10 HETHIZHCAALT, ELWEEZTHIT
EDEDTANT B, FERER 3 ITORT. 72T T Hg 5L U

TABLEI

COIL SPECIFICATIONS
Parameters Value
Coil inner diameter [m] 50
Coil outer diameter [m] 70
Number of turns [turn] 100
Winding method Insulated
Operating temperature [K] 77 (liquid nitrogen)
Operating current [A] 50

WA DO HELREE IS TRITE WA, FRl, 72T 3
DEEICEBIEDONS RN ISHETETRY, 43 B
FEFRNCT = FERITHIENTE. ADERE D
L, VT TRGEELRWGEOREA 10 BRSBTS
BEEBRIT NS, UL, BHALOBER TEEET
T, ZORMNZELEEZFE L QD), 7o F Tl
DREERMFIEITERTENEEZLND. 5% T ERE
D FIELE 2 | TOEEN AL ST A= F O T2 E
WS DMENDD.

Fig. 1. Several examples of gathered coil voltages.

Fig. 2. Structure of CNN-based voltage predictor.
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[——PEEC input for CNN = = output of CNNJj
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E
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non-quenched
0"1""1""1"-'1---=|===:1 ! Y- =

5 6 7 8 9 10 11 12 13 14 15

Time [s]

Fig. 3. Prediction results of coil voltage with CNN.
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1. [XC&HIC
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JEFAFTHALZ E R miRBEEa L OFRE BFELTH
5, BTN Ak EE 7= REBCO T — 7 & T, NEE
160 mm @ 3 Z—raA/VEREL, RIKERBIOMRIKKSE
HICRBW TR EEREZ FEE L -, RBRAIT, JEE 8 mm O
GFRP BTN T.U7-1RE 4 mm DOIEIZ 3 ¥—ra L aFEAL,
F I ONE 7 B DB G T AISh D& L L, REBCO #Eo
HDORERIRE 0.2 mm JEDOHT — 7 % HEKE U 7= IA % Lol
L7c, MIRERBLOREAKZFTOLELLIZEBWTD, gt
TR REVE R OB IR T B Tl E-> TR, 8 O E
T AR TR TR B E(EM PR FRLEE R

K+ Tdd,

2. BEBCO D& DAL DEARE

REBCO #ROHOFRERARIL, WAREF T T 55 A (8T
BB 0.1 m OEJED 10 mV IS EEE EF2AHLAR, 4
(LI LIS~ D F AR BB IE DO RN REICE D, Ik KE T
TIE, 8 mV H7=0h» %*FL%%@G@D EEE %‘ﬂ:jﬂuﬂ
SO ERBRTE D RN AEICED, BAFERIHFE S D
IR EFIIE K RE THY, REBCO MROIRE 5. Hﬁoﬁu
K7 — PO EDFEEIN G EE N Z EE5E512
Tpo =T BRI O EHIK B 2 Hid,

3. AT —THEZ(ILDBRE

7 — 7w B E LT BRR (Sample 1, Fig. 1 28 1%, K
Rk TIEHIEERD REBCO FROEIE V2 25 11-15 mV &
Hx5E V2 HEEO ERPHELRY, BEREIZED, g2
NDHEFHBEMOILRERE Lo CEELIRED EH 3 INE
T5, —7F, RIRZEHZ T TIL60 A FET 10 mV 282580
(RSB AYEIAGTEL, V213 60 mV F2E £ TE<leo TE
Do I 80 A FEE FCITERME m< L CHERIEE 1XE
ML, V2 T LAK T35 (Fig. 2 21), T2IhBE5ICER
EZEESTHEEELIREN LH 3228, 105 A FREETIEE
ARSI, BERIREABLZ CODIENDER L E SN E
{ﬁ%f‘tﬁ”éku\xé 107 A TIXETE EABKFITINET 2L

Mo, BAERIR MBI CX D, BRREZ B X THD OB
ERDOT, FOWRE EAITEIRPUE S RIZRDFEIE N
WEIEINE LRSI ENFINEE 2515,

Fig. 2 ® 500 s fTrETEA#EME V1 LU T Fig. 3 17”7, VI
L V2 RELWEIP T i#fﬁ% BB EIERE L TRY, &
fREE DOPERARFREILIZ V2 DMK T LT V3 B3Iz 15,
TRbb, @IﬁJ%wf@?ézﬂiﬁz\#Htm:mdxé R 0ND, V2
ME T3 28 I ERESIRE OB LIZ/NSWD T, B
6% 75 A, IREE 95 K T—ELL, HEEROEIELEHEL
“C REBCO #EET —7 OB a st W LIRS % Fig. 412
TR, WA ORENIRH A 0.005 Qm &3 5L, V2 ITERER
<—EF 20, V3 IHRDIZFHIS LD, FEERITITRAREIC
BENGAALTRY, ZOMREEBETILERNHHEEZ T
W5,

SR ORTFZEI, NIFSILFEIHFFENIFS23MIS009D X 4E D FiT
FhESNFELT-,

Fig. 1. Sensors of a sample 1 (REBCO + Cu tape). TC1 and TC2
are AuFe-Normal Ag thermocouples. TC1 was damaged.

e 120 ] 3
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Fig. 2. Voltage, current, and temperature rise of Sample 1 during
excitation up to 105 A in LN: at 77 K without external field.
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Fig. 3. Dependance of V2, V3, current, and temperature versus
V1 of Sample 1 shown in Fig. 2.

A normal zone starts propagation over 0.1 m.}
& Wy Temperature: 95 K for L>0.1 m
E 50 'y Current: 75 A
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= 20  o—
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0 100 200 300 400 500 600

Voltage, V1 (mV)
Fig. 4. Calculated voltages of Sample 1 with a model where
REBCO and a Cu tape are contacted with constant resistance.
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1. XL IC

REBCO #i#f 13, BARERIBUST TR, BMET
HHEANDF SR ) BEICEN TS 70, EHEnE
< 7%y bAOIHPHIREE NS, W, RS~ 7 %y
@ REBCO a4 Wik, ¥ — I HigIE % %\ % ffiz
A NGRS, ORI, FBET 2RGRLET
35—, 7TV FRIBEEIE 7 O JHFT 2 Rk
XoTHY PARy FORELBET2IVRA 725 5,
DY IV FREOREL R T 27010, iz a A
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Fig. 1 Temperature dependence of electrical resistivity of
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Fig. 2 Temperature dependence of electrical resistivity of
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084002 (2019).

Table 1. Specifications and analysis conditions of NI coil.

Model A B C
Number of parallel layers 3 6 10
Number of turns 10 5 3
I[A] at B,=0.4[T], 30 K 356.3
Divisions per turn 10
Tape width [mm] 4
Tape thickness [mm] 0.16
Coil i.d. [m] 0.5
n value 33
External magnetic field B, [T] 10
Decrease rate of B [T/s) 100
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(a) Circumferential current distribution (b) Heatmap of circumferential current

Fig. 1. (a) Circumferential current distribution and (b) heatmap in Model
A when the external magnetic field is reduced by 1% (¢ = 0.001[s]).
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Fig. 2. (a) Circumferential current distribution and (b) heatmap in Model
B when the external magnetic field is reduced by 1% (¢ = 0.001[s]).
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Fig. 3. Maximum temperature profile of Model A-C.
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% : Gauss quadrature points
Computation diagram of mutual inductances using
multipole expansion.

Fig. 1.

TABLEI  SPECIFICATIONS OF NI REBCO PANCAKE

CoILS AND CONDITIONS FOR INDUCTANCE COMPUTATION
Number of SP coils 12
Coil inner diameter [mm] 14
Number of turns each SP coil [turn] 226
REBCO tape width [mm] 4.02
REBCO tape thickness [mm] 0.043
Number of circumferential divisions of SP coil 12
Maximum order of multipole expansion computation 2
Number of Gauss quadrature points on source side 255
Number of Gauss quadrature points on target side 144

TABLEII TOTAL INDUCTANCE AND COMPUTATION TIME

Method Total inductance Computation time
Gauss quadrature 47.800 mH 17268 s
MEM 47.722 mH 8507 s
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Fig. 1 Appearance of hydrogen exchanger without shell (Left)
Cross—sectional view of 3D model of hydrogen exchanger
(Right)

Fig. 2 Schematic diagram of experimental equipment
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Spring mechanism for reducing actuator load in active magnetic regenerative refrigerator
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REPEIRE ANV IRBIEAIRER IIT, B B L5 A dB/dx
B THEL D, BEPEARDEAGES) 3 2R, 20K I
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Fig. 1 Principle of method for reducing actuator load
by springs in AMR
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EREHZE 11000 N/m EL7ce& AR RIIWERPLRAT
9 16% AR T L W REMEZ HERR T&E 72 2,
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Fig.2 Relation between actuator load and magnetic
material position in AMR operation
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Fig.3 Strain gages on coil strut
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Cooling Performance of Cryogen Reclamation System for NMR Magnets
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NMR(Nuclear Magnetic Resonance)~ 7 % MIIKIKNEHE LK
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JASTEC # NMR <7 v b — i L 75 BRI
Tablel (279, KD @Y~ 7 1y MEE B BEOZLFE BH
%700 WA IHIEE O AN EEND, £ T, B
LU THReb KEW 800MHz ~ 2 %y MIAIEE 2L 5
HpE 22 8 OFEM AT o 72,

2. FREMFIREICE T EAD LIEO AR

AAEE (RO DN DEIINHIRE 11T, BT AME RS
DI DFRIERPDEMUCIRD DI ENTE T, RN A
LORABIZEBIT DR AN CTRETT 20 ENR DD, 23 A I
BILAGHHE O % Fig. 1 (27, 2GR XD A%
HOFH PRI D0, v 7T a—T ENLOBREN
N4 %, E512 Gas Cooled Shield(GCS)DIR FEY, 57357
B UYL A~ OTEHEG N5,

INBLOREEEE L, NI LE~OBRAEFRE L
fE % Tablel O FERIRT, ZAFEIMHIRFO BT EI I AN
HRHDHMEE LT, 9 10 5Ll L2 D5 RGN,

Tablel Liquid helium evaporation rate of NMR magnets.
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NI L TR, ~IY LA~ NI 57, %
B O —F H I/ NSRBI R TE T, 728, b—
ZHINIRIEZA IS R 2T 5, ZhUE~V T A OE
FI A et B TR RKRIEZ DS — YV ETIT> T D
7230 RERE T NS E A A I <D, b=
T T CGREL TV,

GCS IREEDH 66K T—EL7R>72 210h B AUZRWNTH,
b= IZ 0. TW R E A A L THY, 800MHz <7 R NI

WTHIRIEANID AOZEFEINE] 3 TR THDHZ LN DD
ni-,

Fio FRREN AR HAE TR DA O ZEL, 7R54mH
BRAEEEL GCS S ERHIRBIT DL —X H A DFEITAR Y+
D, AR THELNIZE—F M) DZE531E 0.4W IZH LT, G+
BB (Tablel T FEED7E) 1T 0.34W THY, BB ILF—ET
DIEENELN, FHEO UL R TE-,
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1

Thermal rink Necls tubei

locs |

LHe(4.2K)
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e
-

(77K)|_| Thermal radiation

Fig.1 Schematic diagram of thermal calculation in NMR
magnet. Left side is evaporation state, right side is
evaporation suppression state.
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Fig.2 Cooling characteristics installed in 800MHz NMR
magnet. Heater is attached to the second stage and

Pressure is inside the helium chamber.
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Fig.1 Schematic diagram of thermal conductivity
measurement setup
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Fig.2 Measured thermal conductivity data
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Electrical Transport Characteristic of InBiSn and (Pb, Cd)—containing InBiSn Low Melting—point
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2. SAEXNZR

Table 1124 A L7 K@ S 4 g (7 exZ LT —F
#) D—E AR, U-60, U-72, U-78, U-109, U-138 D5Fk
X In, Bi, Sn ®H)H 20 EE/-IL3 0B OIS LGS
J& (InBiSn &) T 5, U-48 & U-80 [LTXHIZEH(Pb)E T RIT L
CHEEATD,

3. EREEFHORIEAE

HIEIIZ B AR A DT AL BRELD Physical Properties
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2.5 K ETOWREET 10 mA ORI 4 S FIEIC KV ERIE A
BIE LT, BN LTI 9 T ECOMRIGEFIINLZ,
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FRALL, 4 mm FEEORERDSETIEIREZ ML, ~F
WL/ FATHEERE L., ZNENOREHIDONT, EX
IRBUR O - B IR AR A LT,

4, BEREEHET—42

Fig. 112 10-300 K (2B 2 BERIEIBOIR LK FIEER
9, U-109 O 50 K LI E TR ERESIKPIREZRL
72, 10 K BLTFICRB T At OB #ESL Fig.2 1R
7, InBiSn RITERI T 4-7 K FBEOBISEISIRE AR
L7z, U-109 i 2.5 K UL ECEBEREREITBIRISN/20 5T,
U-48 & U-80 [FHBRI)72 e R~ AL A T2 - B AR B T
PR L, SRR - B U553 InBiSn RIZHATHE,

T RHEH TR EIT InBiSn RICBWT I T DRERBLEETIN T T
1%L FCdhoTz, U-48 & U-80 1% 50 K LAFIZFRD 9 T it
s T TR A0%DERIBIIED LR NHLZ,
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F ORI 2 Bk 32 (22K 14482) DA% 1T CEME
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DT EN DM B L T OB LR T D,

5 Xk
[1] M. Tomita, et al.: Nature, Vol. 421 (2003), pp. 517-520
[2] Al ®—: KR T2, vol. 55, no. 4 (2020), p. 255-261

Table1 Investigated low melting—point alloys

Product MP Constituent elements
U-60 60°C In, Bi, Sn (In-rich)
U-72 72°C In, Bi
U-78 78°C In, Bi, Sn (Bi-rich)
U-109 109°C In, Bi
U-138 138°C Bi, Sn
U-48 48°C In, Bi, Sn, Pb, Cd
U-80 80°C Bi, Sn, Pb, Cd

150 80
195 (a) uto0 . (b)

8
ivity (uQ em)

.....
......

Resistivity (uQ2 cm)
&

LI X :
0 2 u-72 U-80 ¢
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Temperature (K) Temperature (K)
Fig. 1 Temperature dependences of electrical resistivity of
(a) InBiSn and (b) (Pb, Cd)—containing InBiSn alloys.

(a) (b)
(c) (d)
(e) ®

Fig. 2 Superconducting transition characteristics of certain
low melting—point alloys: (a) U-60, (b) U-72, (c) U-78, (d)
U-138, (e) U-48, and (f) U-80.

51071 20244F FEAFRIL L7 - BAEE AR RE



1P-p06
BRI T CTORBMERE

)ILﬁ EE,

LB — T - A5k 1

Br—JI)LOEEE S

Current—carrying characteristics of single—layer longitudinal magnetic field DC superconducting
cable under supercooling
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MAE I, 2RI,

3. FERR U
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i 1 HERE R T, E. CIRELT: I 1L 77K T1992A, 67K
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STz 2 OO v —FREEDTH L3VERLE =
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I, ERRFEREOLW— N ELN T, 2, AR ORnE
Iz DSEEINL, 77 KTIX 0.15 T, 67 K CTiX 025T &—
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Fig. 1 Photograph of single longitudinal magnetic field DC
superconducting cable.
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Fig. 2 Current vs. electric field curve at 67 K and 77 K.
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Fig. 3 Longitudinal magnetic field dependence of current-
carrying capacity. Symbols show experimental results, and
dashed lines show analysis values.
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THY, AR OHFERITFEINT/RLTHD, BilEIORERIT,
BB CH M HEM IR, Loon = 5 kKAms CRt-HLE
23 4.9 W/m, I7EMES 1.4 W/m TH-o7z, THUTKH L TEE

Fig.1 AC loss vs. transport current characteristics
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1. M. Daibo et al., Physics Procedia, 58 (2014) 314

2. H. Noji et al., Physics Procedia, 58 (2014) 322

3. R. Brambilla et al., Supercond. Sci. Technol., 20 (2007) 16

Table 1 Specifications of high-temperature superconducting power cable for calculation

Layer number Inner diameter Tape numbers Critical current Helical pitch

m Dy [mm] N Icm [A] Py [m] (helical direction)
1 20.5 14 3,644 0.14 (S)

2 22.0 14 3,644 0.99 (2)

3 23.5 15 3,905 0.15 (2)

4 25.0 15 3,905 0.08 (2)

5 37.0 25 6,038 0.30 (S)

6 385 28 6,762 0.38 (2)
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Comparison of Superconducting Synchronous Motor with Normal Conducting Synchronous

RIRKFRARY

Motor for Application to Liquid Hydrogen Pump

8 2, SFR IR, K iz (BK)
KAWANO Ryosuke, TERAO Yutaka, OHSAKI Hiroyuki (Univ. of Tokyo)

E-mail: kawano.ryosuke23@ae.k.u-tokyo.ac.jp
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4. FLHES
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11, EZTCURKBERDHD,

INETOR RA IS, BIXFmEERLRED 2 SI2EH
U752 G Ak 2 G327 4 SEXH

F—HZOWTIY BIRIITHAER OB 21T o7, R L.

NOHBE YT —FOBRF ATl BEEEHE %%0)

WE—HET M DONT, HIREHREE - “keE 2.
FURHTAATV, %ﬂ%%&:ﬁ%i@;ﬂ:c:ctéﬂ,ﬁ%%%%w:ﬁ% 3
FAEWET S, '
2. BRFEBROERTELEROBRIE 4.

BT EBBICBWT, BEOHBEE AW FEEe—X s

TIXEMEE 25 Amm? REORFNIRETHD, —FH T,
MgB: I% Hyper Tech Research Inc. DE#E 0.84 mm DOfpkF %
FINZEDE BEEEFIZBITD 1 T ORI O 5 E

. Y. Sakurai,

R. Kawano, et al.: Abstracts of CSSJ Conference, Vol. 106
(2023) p.68.

Hyper Tech Research Inc. MgB2 and NbsSn brochure rev 10,
Jun. 2019.

T. Nose, et al.: J. Hydro. Ene. Sys. Soc. Jpn. Vol. 22 No. 1
(1997) pp.39-45.

K. Kajikawa, et al.: J. Cryo. Super. Soc. Jpn. Vol. 51 No. 5
(2016) pp.155-163.

et al.. Proc. of 29th IEEE International
Symposium on Space THz Technology. 2018.

Table 1. Motor specifications

TR 1L 20 K C 3150 A/mm? S48 TR EVWVEEZEDH[2]2E

b, WA RS T BT LA AT T, 0 AT TE I Rated ouiput. S0k
DIRFEEE 2 DL, S 1.1 mm O CILEREE 23.8 o Re i
A THL 7, MgBa M OFR A1 2040 A & 10 fiHf Line to line voltagep(maximum) 24V
Ex D, AR TR THIRBKER T HE—XTH Cooling temperature 0K
B~ OFRALEL CTNHTeD, Bl 7 ) — O i Armature winding MgB2 wire
(DC 24 V)IZ&> THREN B RS AL D, D728, FEILD Field magnet NdFeB

FRFUE I3 528 rTREZR HH ) L BRI RARR L T D,

3. E—HLHRE BRI RN

TR KT 2B IAVD MgB. B B2 i Lz
71 3 kW OF—F%E%F LIz, E—XDHk%E Table 1 TR
9, EHREOT B B B IR AR E R TICHE L 290 g/min
OHHERBIB LB EE T — R 7R RO AT IE[4)%
BB T, KARSA IR EEEZ 1 TET 508,20 KET
WHEITHE 5 %IFE MR ﬁxﬁﬂ:’ré_ki)x‘fn%ﬂfu\é[ﬂ
DT | RIENTIZEBWTIIREEE 094 T OXARIAETE
FALL Gl LTz,

FEHTIZ B W TIE ML S ERSAE DD FBE A 23l FR % 88 2
TN EE L BT, SHBESCEROFHFEITo7,
COBEBEET IR WU BRO KR DE DD
(11720, SHEOEICIER L TETF LD ik % T~ 12, Fig. 1
IR THEEEE—ZDOEA DOEIT 248 W ThH—FH ., &
RHEEOMITHTI 0.3 WITETHD, HIKKEZEDOHESR
R[] HER FTRERF 25 H 358 5.2 BEff&eh, Zo
a%ﬁ@?&%w“vzc:t 10.5 kg ThH 5,

[ L7 — 2 OAEIL, HERDOHFHROBFL ORI
1B 23 8 A LEEENFEIE 24 V CIXEBIARAIHE/REE /2> THRY,

ZOHERD T —F I TBEE & DL THIO TER T
XHLERD,

Radius: 57.5 mm
(Length: 150 mm)

Iron core

Ring

Fig. 1. A superconducting motor configuration
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Verification of the effect to make uniform current distribution in parallel conductors
due to a changing magnetic field perpendicular to a flat face of superconducting tape
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T, HR T DAL IND, B AN AL —72
©TIE, &7 — 7 HOBEBKH R ITRI D20, R
TARULIZFPIC AN B B HAZ 35, 2R, 77— o
TR AR A J7 N BB 03 dieAL, BIFAE T %,
3. EBRAE
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— W 3 AROWFEREFNT, L—ARNT v ROZ T v
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— T EBFALS DI R+t Ds LTz, 2OV T T
AR EFE(90A, 10H2)ZATVS, T—FHICEEII/R D5 I
EEIRER AL, RRRE1 41T o7, 2B R ORIRIE
0.1T, JEHEIT 10Hz &L7z, ZOLEIZET—THOET%E
0= 2% —aA L THRIELTZ,
4. EERHER

HIE RS R F A% Fig3 1R d, QBT ABRO A, (b))
FRHR S OFER TH D, ST B & 1%, B oAm
DAY =172 5T, tape2 1d 3 KDHH, 2 RIHEkEN -
BAROT =T %R LTS, —FH T, SMNBRABHIIMS
BE, 3 RO OERSANTFEHFALL TONDZED DM
%o ZOZEND, BEOWFERIZKIT 27 — 7 HEE ST
OSBRI, EARM OB & LA LI D8R0
BB ENEBRIIREEIZL > TGN 2T,
S &30
1. A.Kobun, et al.: Abstracts of CSSJ Conference, Vol. 104

(2022) p.62
2. M. Oshikawa, et al.: Abstract of CSSF Conference, Vol. 105

(2023) p. 107
B

ZOREIE, ESIAFSERRFE 1L AFT =L — -« FEEHN
A BREBENEDO) DR FEEB O RELNIZHDOTT,

Fig. 1 The magnetic flux density distributions and the
electrical neutral line in each tape in the parallel conductors
composed of two tapes. b and ¢ represent two cases without
transport current and with current, respectively.

(a) © . < o3 - o, B
Fig.2 (a) Sample coil, (b) Experimental setup. The Sample
coil was wound with the parallel conductor composed of 3
Bi2223 tapes in a racetrack shape. The external magnetic
field was applied to the sample coil. The magnetic field
direction is perpendicular to the flat face of the tapes in the
sample coils.

Otapel

Atape2

e o}
10 .,.o “‘AAAAAMA‘A el vy o) Otape3
W

Current[A]
oL ey
o)

40 Otapel
«

Atape2

Otape3

Current[A]
L E e
!

Time[s]

Fig. 3 Experimental Results. Current distributions
between three tapes under external magnetic fields, a and
b represent results @O0T, 0.1T, respectively.

51071 20244F FEAFRIL L7 - BAEE AR RE



1P-pl10

LB — T - A5k 1

EZ140maY) v RERBEESAREKABEBEZRAV-BESEIBZD
E R

Basic characteristics of magnetic bearings with
a 140 mm diameter ring—shaped laminated superconductor and a permanent magnet
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£ 140 mm |2 L= B i 8 A (Fig. 1 () & BT WA
s OPEE 48 mm, 4% 60 mm DV 7 A (PM) THERLS
NTND, Uy PM ORI 0.25 T THD,
3. BHARUVEEFEDAERER

Fig. 2 \OR9RRIC, RIAZESR (77 K) ~DOR{ERE T T+
9 mm OFIPHE, VoF PM OHTFy 7T R =4 TEIIC
LT, a—REALTHELILFER, 77AF M TRK
41.7N, =AF A F [ THEK 40 N DAT AN NELNTZ,
W Fig. 3 (@)IClliERBREI T ERIEBOME AR, &
AR RITLARTOEE [11-[21E B b b0, AT 5
TEEEEEREY T PM OFA XN RKEL oo T-Z LIS,
B EZTRIBIOY IS K&V, 2L T Fig. 3ITRTERIC
EHEEER DRGSR, 20 OHELERSHDHHOD, 1800 rpm T
[FHEL CWDIENTHD,
4, FLOLSHRODERE

BEERM ) RN T Ui E B EEAR L) 7 PM

T ¢ 140 mm ORLKHSZ ZHERRL  EAERFEDOREZIT T2,

Laminated
Superconductor

. ~©140 mm

(a) Laminated SC
(13 mm in height)

(b) PM
(11.4 mm in height)
Fig. 1 A superconducting (SC) magnetic bearing
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*
R -~ Wil
4
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Fig. 2. Thrust force measurement results of a
magnetic bearing
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Experimental setup for rotating characteristics
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(b) Rotation speed as a function of time
Fig. 3. Experimental result of rotation characteristics
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1.Y. Terao, et al.: 7EION KOGAKU, Vol. 58, Issue 5 (2023)

pp. 245-251.
2. Y. Terao, et al.: Physica C, Vol. 614 (2023) p. 1354401.
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Design study of three—dimensional coil configurations for a superconducting magnet

with active shielding in a heavy ion rotating gantry
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Table 1 Details of the dipole and the shielding coils.

Dipole coil Shielding coil
Inner radius [mm] 90 300
Outer radius [mm] 210 350
Layers 61 25
Turn 6954 3000
Coil current [A] 217 249

B
AWFGEIE, JSPSEMIFE19K04364L /0 —7 17 I— DBk
EZ b 0T,

SE
1. S. Takayama, et al.: Abstracts of CSJ Conference, Vol.
94 (2017) p.104

2. T. Obana : IEEE Trans. Applied Supercond., Vol. 32
(2022) 4400304

3. T. Obana : IEEE Trans. Applied Supercond., Vol. 34
(2024) 4401105
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04 -02 0 02 04
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Fig. 1 Cross—section of the superconducting coils for the
rotating gantry. The inner and outer coils are the dipole and
the active shielding coils, respectively.

Fig. 2 The top view of the first layer dipole coil.

Fig. 3 The calculation results of summing the vertical
(y—axis) magnetic field distributions along the z—axis of the
dipole and shielding coils for each coil length.
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Development of REBCO coil system for Skelton Cyclotron (Spring 2024): Numerical analysis

and evaluation of excitation characteristics of

a 1/2-scale demonstration no—insulation REBCO coil system
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JAXA REMR 7 MNRBRIGIZEFDIA A, A MTAER, —FHE
FEaRBR, ERIEERBRZ T EL WAL,

B TR MR IO TIX, ZhETITRnIy
RATB N BB Lok ARG A _otZa[E 140mm LA o
HBEE S 2R EL . WIRERE P (77 K) TRAT AN R
1,800rpm CO[BIRFFEEMRFEOKE F . - FoA& AL O R B
RN T D Al REME S RST8],

4. %5&%%@%%&%0);&}%1!:@:1

1= LA AR R AR D 1L IR AT 600MW 7S BEA
O EREH A LR L7, SEHERE2R 1 1ORT, HEERE
FAWEERDOFE B L LI L, BRI 0.3 RA
Il B U7z, SRR A M 4 70% (IR 5 7 B

TIL60%) LT BF%FHET DL THREEREMO AN E
o7z, BFE T, K ER A S IRBE N R B E AL
W T ETRR A DT,

BB )R A~FEALTZERO | GOk

BUEALEAE RAL LT, B S e b 2 I ] B R
ZRALAEAT CRIIHL SRR EMED T2 (B EE R EIC
ZRENDHEARE AT,

AR S im H o i L FE 8 FEAR I 22 HEEE ~ D
ISR RSN, HEtE BT — 2O @R BRI

LT IR LTI A 9 DRI K B Dt Ve I T2 i L A

PHEESREREIEEL, KBRS - EREHDET
N AR TR S 2 3l L 72, DRGSR, B E L CIH A
T DA FIRE CREEEM A EL I Z LN RO R
MRz R 2 e ki,

Bl
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Table 1 Specifications of 600MW-class high-temperature
superconducting generators

Output 600MW
Voltage / Current 24kV/16kA
Synchronous reactance 0.6p.u.3%
Outer diameter of rotor 1100mm
Length of magnetic shield 2600mm
Bmax 5.0T
Current load factor at rating 70%
Efficiency of generator 99.4%

#¢The base power value is 667TMVA.
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1. [FCHIZ
NEDO JEEHFFEIZH\ T, IRIR/KFE G E S IR HE B S

BIEDIFIEBA R ETT > TN D, IR FE CREE R A
WAL, ZERUT- 0 AL W EE B T 2m AL %Ik
FHAL—E NI ESTHRETDHVAT LOMELZ B I(1],
A7 7T, 10 kW OB T ARG BUEL,
JAXA Ofeftalry NRBRIGIZB W TR IRRFEE 1T T
ETHDH[2], KM TIX, FET EHORFH B LIORER D
ICOWTHRET 5,

2. RETEHRE

R FH A IRBEERE T RO ELK 112, 3%
TLEE LITRT, Iﬁliﬁ%wﬁﬁnzwv%ﬁaﬁ’;@?mLfﬁﬁzﬁvk
FCHBEAH T RHEESREEETHY, 300 ¥—r D
L—ANT o IBRIE T N e =X a0V 4 [ERLEL T 4 MR
D BEERRET D, RBlEET% 1,800 rpm TlElfizS®, 10 kW
W DIEERRFEZITD,

BI85 DR B OIEN 263 mm, Fill 35 E 225
DOIEN 316 mm, [EHETDIEN 480 mm THD, 4T
NTTAF T IES D720 B R EL T FRP %ié&u‘:o
7ok, BE I FO R EEER T VAR AL,

3. HETEHMIEIRR

RN AV DFEITLER 2 ITRT, 150 F—r Dy
TN =T, )V 2 K i L CHE T N r—FaAf )L
LU AT UL ABIOa A r— A AL TR LT, B
EROFEIT 200 mm, EREFEIL 63 A THD, FHLIZAR
#41X., Faraday Factory Japan -8 4 mm i§¢> REBCO #iA4
THY, BEREG (e) OAEIT 150 A LI ETHA, AL
AT AT Tapestar 2 B2 WO TZ AREZITV, &L
Oy hDHEIANVEEICHER LT, F 7o —F oA
BUEE T HIC, IRERERBA T CRELIZSIAND [V
MER 2 1T, HthoaAVELX, FrEDBEEBRIET
d?*/VFLf:B%?@H%EFHﬁﬂﬁi@f‘ﬁéﬁb“@ B, B2, Coil 112
L7851 D Ic 1359 200 A THY, FREIND2ALD [V
B LIFIE —E LTz, 2hboafLiZe— A7 LR %
FE it U722 | BRI TR A AT,

RAKF ETORSINGTE T LIz, 0.1 MPa D~UD A
T A% FH L CRBERBREITO, WS e N2 e LT,
WA, HEEERBREAT > TAT AR L 7= 5 5. 1,000 rpm [H]
RRFO R ARNFAWVEER G2.5 LTI, b2, B
ZERRAN % IR B R TR LT, BRI, RER e v MR
B~ 3B R1 O A KRR EE 36 L OV BIERER 2 S it ¢
»H%,

4. FE0

10 kWD R EMRFEEITHT IR Z S H SR EE
ERET ERORUEEIT->TND, MBOREE AL
ZRUEL , AR M A T CEEBREZRFEL 7=, KoL
TR IR AT IR T AL T KRB R B L O

J— 63 J—

Y ARBRZE T LTz, BUE, HAFATO B AL B MREE RS L O

m HER a3 T D,

Table 1 Specifications of HTS power generation demonstrator
Output power 10 kW
Rotation speed 1,800 rpm
Number of poles 4
Field coil REBCO (LH2 cooling)

Table 2 Specifications of field coil (1 pole)

Width of REBCO wire 4 mm
Effective length of double pancake coil 200 mm
Turn number of double pancake coil 300
Rated current 63 A
Yoke
Superconducting field coil | : LH2 vessel

= o / (SUS)

LH2
Armature coil hﬁ.. L NI o \ Vl:a;:‘)"m vessel

Fig.1 Illustration of HTS power generation demonstrator
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& Coil2 E E E
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v Coil 4

Calculated

Voltage (mV)

=1
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Current (A)
Fig.2 Transport current result of field coils immersed in LN2
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1. Y. Shirai and M. Shiotsu: J. Cryo. Super. Soc. Jpn., vol. 55,
no. 1 (2020) pp. 44-52

2. M. Ohya et al.: Abstracts of CSJ Conference, vol. 104
(2022) 1A-p02
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Investigation of reversible degradation of critical current characteristics during compression of
high—temperature superconducting coils
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1. [ZL®IZ

NEDO Ze8HF PRI 3T IR /K S H) i IR H A s %
B DRFIEBA R Z1T > TN D, TR KFE CRBEE R A
IVERBHIL, BT AT BB T 2L & I1TK
FBHAL—ENCESTREBTDHVAT LOBEL H 1],
KAC i [Eliis§ 5 @ IR AR B o A L O B AT -
FED 1 21, REBCO #pf B LU= L ORI 72 faga 1t
THD, 600 MW FEIZIB W TR LN L > TRAETHHEEE
Hihs 1) 50 MPa lZxt L, JEATAFSE Tl 10 MPa FREED DI
FEPEDS AT IR 3228 E SN CTRY[2]. IR D gE
BB A TG RO W TR 5,

2. aAf)LEx

BB OB ITER 1 IR, 7Y 7F418o REBCO
BT, NI v FEa—IRYVAINT =7 SBITRIAIR
T IMEXE DR TENINLTNS,

BUELIZZ T N0 sr—2% (DP) AV DFETA T 2 1R
97, SUS BB NENZHRT — 7 2BV T TN JE ERE
LTz, o TN —3% (SP) AV RIZIFEE 1 mm @ FRP
LR ZRA LT, A /TR U S TERITE T,
IANAEN AT LTIZERY —R % SUS 7 —ADEE I
MHBIEH LT, 77— RABDHET, A 83 mm, FME
7599 mm CTHd,

3. EMEEERRER

R KO (Case 1) TiX, RBiaALZ2/EE 10 mm D
FRP B CHeA, [EME BRI B Iy FL TR E R TR AIL
7oo WM LV FptEa X 1 IZRITRT, F72, SP 2A /L
@Wﬂ%f*ﬁkﬂ‘/fﬂx@l VR SRR R T, R
A/VEEBRIREENORAELEEIL, SP aA /LR OB
AL 7 [ T O

Wiz, SUS {5 & W T B2 5 1 t(4.3 MPa) TIEARL
7‘:!35%50)1 VD2 A K 1R, 1 tDENZEIIL
722 T BRI R R R L S ITIE T L7228, MBI
ELTCUEBLT DL, HRITRT IO -V FrrEIT o R
V2R % AL 70 38 BB AR O T SRR S A7z, T B R SR
\ZaA VN ZEINSDH ADE X HUAFERSIL, a4V
JE DB PAZE I BT AR EVIT 2> CNDEHELR LT,

HEERR @ (Case 2) Ti&, LHE D FRP 24312 HIKL, 5
mm OFREEFRTCRLE Lz, FFONRIKSE R THAIL, JEHHE
faf AU IRRECHIE LT -V F:MEE X 2 (TR T, AfE
BT A FIIIL CHIBERMEIIKR T, &K 12 ton
(51.4 MPa) ZFIINL 7R BE CHHARFEL RSO 1V 0
oI, AR RS, PR E BRI, W ER
INEFIZH SN T oA VN R ZE R O IR E R B A AL T
EABIONEEN ERLEZENFRNEER LT, a1V r—
X%ﬁéﬁ 1Zdh, BEELL TV 50 MPa OEHEIS JIZEIINL T

WEREXMETE T, mBEa U biiro B i&zE157-,

4. FEH
SUS»T — 2R U T2/ INEDZ T s —F oA VSl
T ERE B A FEHE LT, SEATHFSEL RIARIT, K far EEF
TNIE7 S A W A7 8 BB DA TS AL L= 28, oA /LN R

ZERIINHD T AR E SAG T DL L > TRl W72 M iR
PO TR Uz, 2, BEEEL TV 50 MPad [EAEh
HEHIML ChaA N OB EREITE T, @REa
{bHiff o B gz 57,

Table 1 Specifications of REBCO wire

Layer Material Thickness (pm)
Substrate Hastelloy 50.0
Buffar Al0s, Y203, MgO 0.13
Superconductor REBCO 2.5
Protection Ag 5.2
Stabilization Cu 20.0
Insulation Polyimide 27.5

Table 2 Specifications of double pancake coil
Inner diameter (mm)  85.0
Outer diameter (mm)  95.0

Hight (mm) 9.2
Turn number 30
1
© 14:54 0 MPa
A0 15:05 4 MPa
o 15:18 4MPa A
— v 15:26 4MPa O A
z ® 15557 0MPa v A
— ; 4y
g 5
B
80
Current (A)
Fig.1 Compression test results (Case 1)
1
@ 0MPa
&0 7 MPa
0 21 MPa
< ] 3gMPa
A 48 MPa
E 0.5/ w51 MPa
w
(=]
8
B
0 20 40 60 80
Current (A)
Fig.2 Compression test results (Case 2)
E [
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1. Y. Shirai and M. Shiotsu: J. Cryo. Super. Soc. Jpn., vol. 55,
no. 1 (2020) pp. 44-52

2. N. Nagasaki et al.: IEEE Trans. Appl. Supercond., vol. 31
no. 5 (2021) 8400405
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for Liquid Hydrogen—Cooled High—Temperature Superconducting Generator

AN BEN, =i 5B, B & (

CHETERR) KR RS (BT FBERT)

OBATA Keito, MIURA Hideaki, TONOOKA Shun (Mitsubishi Electric Corp.); OHYA Masayoshi (Kwansei Univ.)
E-mail: Obata.Keito@eb.MitsubishiElectric.co.jp

1. [ZC®HIZ

2050 FEDH —Ry =2 — TV FEBIZ BT T, 1Rk E
DWBEIE R LT-4 3V — 72 IR AR TR B B DO
B EAT > TNND,
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D5 T OJEJE 240 2 DR 12 8- T A /v OB kiR
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LEHli L CWBEATHFSEE DR HY | EFEEREEIZ LT
AN C LD S I L2 D LB 2 5, BUE, K 3 12RT
£H7 10kW BETEHICHEN T —ART v 7B O
REBCO =AWk U CAMIZ MG /12 FIINL 72 23 B 5t
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Fig.1 Appearance of compression system and REBCO
coil compressed in liquid nitrogen

Fig.2 Compressive stress dependence of /.

Fig.3 Race—track REBCO coil protected by SUS case
for 10 kW superconducting generator

SE Xk
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2. Y. Nagasaki et al., IEEE Trans. Appl. Supercond., vol.31,
no.5 (2021).
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BRIZ T10=1040°C—2 h TiT GABCO 7L DIREISHER SN
72, £Z°C GABCO 7SV HERREL72VY 1030°C TR EFIRERT A
FEIX L2825, Ty =1030°C-2 h TIE Thax =1030°C-1 h J0
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Fig.1 J-—B curves at 77 K (main panel) and M~ 7 curves
at 10 Oe (inset) of both the TSMG and SDMG YBCO
bulks.
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Fig.2 Trapped field distributions of (a) TSMG and (b)

SDMG YBCO bulks at 77 K.
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Misfit angles and superconducting properties of REBCO melt-textured bulks
grown on multiple seed plates by the SDMG method

RV, JoR BRI, B RUR, TiiiE— (FYR)
ENDO Jun, MOTOKI Takanori, KUNIMOTO Keita, SHIMOYAMA Jun-ichi (Aoyama Gakuin Univ.)
E-mail: ¢5624043@aoyama.jp

1. 1XLIZ

REBa;CusO, (REBCO, RE : #7 T3H o)A ZE R iR
TTK AR Dm0 Te AL, @l TICBWTHEW J &R
9, REBCO AR /XL 7 [ XN ER % J8 (514 5 K A BT
X0 KABEHE Z B2 D G OMIRNBATRETH V. A
B Z V2 H ENMR 72 E~DIS ARG SN T
W5[1], REBCO YARMEERE /L7 O —fk i 72 fEBE T &
% Top-Seeded Melt Growth (TSMG) £ TlX, 7L O KA
(RIS B R FE S BB R T2, — 07, fES
B3V X0 AR E(Te) D\ REBCO % VW23 1
ZREEBRICH W TR S % Single-Direction Melt
Growth (SDMG) 1%, BET 579V 7 BH— DLk E
IR D20 . BRI O A RIS T HERER CHE 2
PV T BB FHETH H[2][3]. SDMG 5% V7= Ak
DA R BB KBV OERFIEE LT, Fig. 1O
X OB OERRZ R R WD HERBEZ LD
2, FEEREORESR IO I AT 4 v M X » T
BEEOLE B ATREERH D, Z OO I A
74y MyE J OBMRIZ REBCO = B X & 3 % /LEEIC
BOTREISMOEN TV DA [4], BRI SV 27 1280
HIART 4y MIERATDI o TR,
2. RERAE

ARFSETIL, TEP #:5 YBCO IR Gy A % 100 MPa (O— il
FLAZED Y 16 mm OFAFERICAL Y MBI, /L2
DA DT FLRE O FRIA AT -7, FEV T Fig. 2 1T
AT LI 045°FE TORNI AT v MAOEDITTZ 2
KD EuBCO FEFEAR 12 YBCORIBRIASR L v hEE X, £
100 h DIRMIEE % & O REEEE 21T > 7o, 5 b vaTRl
BERE NV BREFER D HE) 0 H L7-%, Y/Ba FEVAZ (KK
T AT G E TR R TRANT = — L &TV, & %I
02 K, 400°C TORKERIDEEE T =—LIZIDF P ITR
—IREEE BRI L7, MR U7 30RO R EEAR M 265
XRD (ZEDHENIART 4 ME DS ab AT ORGHTIERE
BIRK OTHE Y B T EAT o2 B R EE IR IR S
FIZE T CEBL ., MBS RE RS R - ORI
ZETe/NTRBID VSMIZE AR LI EZAT o717,
3. REER

TIEREHEN D TTK RS TICB I 2I A7 4 v b
TEMIT~SFTRETHY ., A7 4 v MAD 10°LA LTI
FEMFFES & 720, BEEERN L7 2REFEE L
W ERborots, o, RRAEELREEEE W
INTEE ORI E 2T Y 3 AR ORNTD> HRIR BN D
Jo (M) B HEE Lz, Fig. 312 AT 4 v ML Jiner/
Jir QAR AR T, I AT 4 v MBSO TRIN J (J?)
D 2 BIFEE £ TR L. 15°UL LTIk I B EE R,
EFEAERNZNZ ENbholz, kil o EI AT 4>
MM OBURIZT X X v VMBI BT DS & B
WZIE—EH L TW5, MHMAEREIE» I AT 0 MO
KEWVFECIE S mICERAERE L THTH L T 2 @ ETAS
TFHELTEY, 20X ) REBoHELRFICEIT D~
nRBEHRAAEZHBTEEEZ BN, U EX VBT
HREEBEOI AT 4 v MAIXTELET/NEL, D
CELSLUTLETAZENNAETHD EERTE D,

Large SDMG YBCO bulk

Arranged seed plates (EuBCO bulk)

Fig. 1. Schematic illustration of a large REBCO bulk grown
on multiple seed plates by the SDMG method.

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

bulks grown on multiple EuBCO seed plates with an in-
plane misfit angle of 6.
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Fig. 3. Relationship between in-plane misfit angle and
Jehnter/ Jinira for SDMG-YBCO bulks prepared on
multiple seed plates with various misfit angles.
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Fabrication of 60 mm class large REBCO bulks by the Single—Direction Melt Growth (SDMG) method
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1. [FL®IC

REBCO JARlEEE SV 7 13RS 2 it T& 2712 0iih
MBAERA & L COISARHFEE LTV D, WATREERE L
27 13i8%; . Top-Seeded Melt Growth (TSMG) JEIZIAFE Sh
L2907 FEICERE Lo EEREERE LTRGBIZED
RS CHER SN TR Y. 27 NMR ISHSICHET 5
U TR DSV 71X E RO RSV oL A
MM T LTER SN TVWD, ZhE THAIE, e
— G O FIHERB R LT U, A0S Bk ik & Ak
DD 72 DUREERE NV 7 OB LAY FIBEZ: Single-Direction
Melt Growth (SDMG) {£EZBi%E Lk L C& 720, KFiE
. 2L DERE S I — RTINS S E T 5 7c | it
BRI U TR D X 5 MR Th > THEHEF K
NARETH D, ZALE TIZ/MED SDMG £ DyBCO VU
TSV TIZEBNT TSMG {EIZHRTHE WY v 7 Ak
~1.8 T (77T K)ZWME L TWHE, SE SME 60 mm %8z
HRBD NN ERRIZEF LIZOTHRET 5,
2. EBAE

A A Bigk 5 EuBCO W RLEEE /S /L 27 2 [001] 7 62 23 .
FEN b E 580 M L7 ¥R % seed plate & L, D L
25 80 mm DT 4 A7 FEIRIC~ L v MBI L7 YBCO
% L <13 GABCO %, fEALD 1= ORTBSLIE 21T - 7-1%
IZFRIE L, seed plate DELGRIREELL T TREMMRE S E5 2
& TV BIRD c-growth FEHIRD B2 5 KAV &F
B L7, 723, REBCO Xl v hiZix, TEP t# o
RE123+RE211 JRAIIZ 10 wt% D Ag0 F XY 0.5 wt% D
CeOr ZZFNTNRAELELDEANT WS, REEEE%
IZERE 60 mm %% YBCO (~18 mm)E LU GIBCO
(~4 mm), L7 BRFH I, 1§ BTV 7 1T seed plate 7>
HEIVEEL 721, VBT =— L L BRI OBE Y =—
NEATS T, MRIRERFE T T2 T £ TORGHHH%.,
3V 7 R OTFHEREG A % R EAT L 7=,
3 BRLEEE

Fig. 1 (a), (M)IZ/EHL L 7= YBCO 3 L U GdBCO /3 /v7 D
ABENENETRT, SDMG 1 TN T [ O A f5
FRAE DS HEAT 9D 72 o0 SRR A LT A f = B R 2N 38 5 Ty o0 4
A RIHRAFE Ly, Aal, 60 mme 282 5 KA L7 (Z
BT H/NR ALY [ERROK — B[ & 5 SRR O
RETHERT D Z LTI L7z, YBCO B X GdBCO
V7 D 77 K IZEIT D seed plate 12 H OIERLE 74 %
Fig. 2, Fig. 3 124U T, YBCO IZBE LTIt miss
BENTWDEDOD, 7T v 7 FIZLDBEE /R —T D4y
IR BN -7, GIBCO Tk Z K L TR
IRV RS o 2 R L TR Y KBV 71280 T
FEERARE Y AT L2 2 L AVRIB S, SDMG 3
KAV OERFEERRICHEATH D Z LRSIz, 3
KTIE, ZNDHDOANVT OFEEMES, KLY v 7307 O

EHEBFRORHACONWTHRET D TETH D,

[1] T. Motoki et al., Supercond. Sci. Technol. 35 094003 (2022)
[2] T. Motoki et al., Appl. Phys. Express 16 095501 (2023)

(@)

Fig. 1. Appearance of SDMG-processed YBCO (a) and GdBCO
(b) melt-textured bulks fabricated from 80 mm¢ disk-
shaped pellets.
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Fig. 2. Trapped field distribution at 77 K of the 60 mm class
YBCO bulk (Fig.1 (a)). Trapped fields were evalu-
ated on the seed side surface of the bulk.
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Fig. 3. Trapped field distribution at 77 K of the 60 mm class
GdBCO bulk (Fig.1 (b)). Trapped fields were evalu-
ated on the seed side surface of the bulk.
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Na-catalyzed bulk synthesis and superconducting properties of graphite
interlayer compound CaC,
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1. ZC&»IC

797 =2y OWENP SRS 777 74 b OJERICIE,
A Ao FBAL v I —hL—MENns, A
Wk OWAECMEE 77 7 74 FERMLA Y (Graphite
Intercalation Compound, GIC) &9, VU F 2 LD A
SN GIC %, VF v LAA4 vy ZREMDAMMEE L
THHEIN TS, ALy hCanfAIns
GIC(CaCy)ld., Ml E W EIESIRE(7 = 11.5K) %
A1), CaCeith, Z 0 F TRME[ iR L [2] T
R N T & 72D BNl (-1 EE) OB HEETH D |
L d¥g—7 L 73BT S v, 27, CaCs ic
B9 2 AR T IATON TR VDDBUIRTH 5,
Texlix, F Y7 ANa)ZERHCINZ 2 2 ik b, 7L
AVEELT VA Y IHHESED GIC EED BN ETS
52 LI L 723, AGRETIE, filuite LCHBET %
Na % fv>7z CaCs 23V 7 B KT & % D fs SR
2DV % [4],

2. Na %l & 2/VLY CaC Bk

Fig. 1 IcligE 2Rk 912, XD(1)-B)DFuak iz kb
PNV ABERAETH S, (1)Ca BERETT 774
MOMARIC Na iz, FLEETH 16 aERA(Ca: C:
Na=1:6:2)(Fig. la-b), ZDK, Na & C 2BIEL T
bt o KOs rEA& o GIC(NaC, )23 E 115 (3,4], ()3
BlE 27 v L A(SUSYEICE AL, 250°CTEE 4 KM
B REA & T)(Fig. 1c), NaC, #3Ca & it LT CaCs
PR, Q)FEHIERE T35 Na DfgEnrolz, k%
150°C (Na D@l b)) oL 7z L v Fiig#s < Na
2V, S oGO REE R TOINEC X D Na 22858
X% (Fig. 1d-e), Fig. 1f iz d X 91z, ko Na
MEJH(Na: Ca = ~3: 97) L 72&(ad CaCs DL v b3
Hfonsd,

Ca (powder)

)/”a

b C (powder). SUS tube

(a) weighing  (b) mixing (~15 min) (c) heating (250°C, 4h)

deposited Na

(d) pelletizing (150°C)

(Na squeeze out) (f) CaCs pellet

(P10 mm)

Fig. 1 Synthesis process of CaC; bulk sample by Na-
catalyzed method.

3. CaCs/\ILY DBz

CaC; 73V 7 3B D BRI (0 ) DI (IR %
Fig.2a 12 d, A vk v MChz & lEEing 2
AT XK 11 K Tl WEBEEREE, 8 X O
WRATRER DY 7 PRI, ZOIRZE NI,
DSy —CHERSIER R W Z L 2R LT 3, Fig.2b Iz,
FBREERTE Dtk 2 & P L 7o BTHE 5Lt 5 (He) DI
HAFtE % . CHETICHE SN T — 2 (@RIAE RS
77 74 FHOPG)Z JGIZ &R & 117z CaCs DMIEIC X B)
EHITRT4], CaCy NV 7 3ROl & e Ho(0) il
HOPG _R—2 D CaCy Dfiik ) b 3 fERED o7,
MR X S 8y —roahrick b, Na fillifkic kb
AICGE N7 CaCs icid Ca oY oFEN
HDIEDRBINT, H, D¥TRIZ, BERERYIDELIC
¥2ae—Lv v AR £ oEmERTS EEZONS,

0

oy (a) 1 BE™ Thn=m1ice (b) 1
E120p 1 wE e E
G 10of 1 »E ®o presentstudy CaCs
2 ? o Hiab
> 80f Hi0) ek |4 Q0F Q ]
£ © l 3 Jobiiong ef al. 0.

Z o g SBE Y °
2 8 .
® g4 hy Vy, Q )
o 4f <12 1 “10f o Ty ‘@ Kadowaki efal 3
o CaC PIE] 5 PR /‘ o
[ Hiab | ] E 3
® 6 o EMEEI i gral 06
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Fig. 2 7T*dependent (a) resistivity and (b) upper
critical field (H.,) determined from midpoint 7..

4, F&&

Na MBEEIC X D FERDTTEX D IBUCfE DR
Iz V7 CaCo DREBLDAIRRIC 72 o 7o, ATTIETH
R 7z CaCs &, IERETHR S 1L7: HOPG R—2 D
CaCs & HHE L T 3 % Ho(0)3HR L 72, 714, CaCe ¥
V7B X 5 7 2 WNERHiE & SR S AR
& LTI ARENE 2 Bt § 5,
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Measurement of Penetration Magnetic Flux Density Distribution in GABCO Bulk during Pulse
Field Magnetization
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1. [ZC®HIZ

EREEE NV 7 MEHIK ARG A 2 K& < _EBl2 e
TR AR ATRE/R 2 & D, B—Z 0% EK. MR &
o TR IS FICHIFE N FE DT 5, SREEIG IR
DI=DIT, I BRES Z FUN L7 BERIZ L 7 ~MR AT
BREROIR D TR O W TIZLART D & LR AIC & £
BN RSN TE I, Ll 207 £ TRARHR
T DWW PERY 722 2 DWW T EBRANICIA & 25 L=
Wby (1, 2], AsE Tl Fox ABA%E L7z 2 RoThi
Yz W & O TR FE O g 72 Bk & L 7 K if
THIE L7-f AR,

2. 2 Ruligztoy

T & 12AZ ANBEHUR BE AT OB IR 72 2 & 3L 7 Kl
THET B0, ZHEOF—NHF T2 ERRIC Ly
FEITEE L2 2 ook o 2 Ba% L7 [3-5], 70mm
U512 5mm [ T~ 225 MO AR —/LFEF-1% 15 [HOE
B L > THR—VELEZ AD 2 3—F~kD | L
7 R TO 2 IRTEI LB RS54 % Ims EICHIET S
T EEARRICT B, 2 IRtk IR SV AEFRETS T T
7oL BRI ARSI 1T B R R 12 AR A L 45 A0
TERC, BRI D FUESC BRSO 33 D B ) A D )
H72 I E S LD,

3. EERHER

Fh2 1ZEAS 45 mn, JEE 19 mm @ GdBCO /3L ([ A
i) % 2 OB = A NV CHEIL, 1T K TRV AR
WeZATUN, R D 2mm EICERIT 72 2 IRockisst& o iz
K o TR ARG AR FE 3 A & il HERE SR B 0 A O W E A AT
7= (Fig. 1) , Fig. 21%2.65 k] DFHFT KL X —T
0.72 T OFFFEREAUEFE 2 1572 UV A 555 & | 3.99 kJ
TO0.48 T 27281220 T, 2L AN OEINZ 1R 6D
T/5 5 ms 225 9 ms E TIZHIE LT R AR E /54T
T NTINRT, BT RV —0 KN & IR
BRI 1T KITHHAI SN2 Z DRV 7128 - T 3.99 k]
DHEWZRLVFEF—ITBE ThoTmEX BN D, Fig.
2(a) Tl 2.65 kJ OAERIT L - CTHMBES O—E A1
7 OSNEERD & IR R HE - THAS IR AT D kRT3
RENTWS, —F, 3.99 kJ DA5REZ < LT- Fig. 2(b)
TIE. Sms B Tms [CET AWM TT T v I AV Yy T &
AU TGN AT SV 7 ~MEAL, %< OREFRD /L
JOHFLETELTCE =7 2R L2>OoHIETNRET
AL, 9 ms BT L7 OHLITIT U SR
R ECTHHIEEDOE— 7 PNHEICEHNL TN D,

4. $Eim

AWFFETIE 2 ookt A2 RWT, 2SIV ZERD
MICRELEZT7 T v 7 AV Y v A X DRAEHREE S
i DOEALZRE L=, S8BITHEA REBSt B CE

5mm 5mm Two-dimensional

Al
o
A
V o am
ortex-t e = EEEEEEEEEEEEENN
copper cygls = 225 Hall elements
(HG-116A, AKM)
To pulse
magnetizer _ _ From pulse
: C‘_r_yocooier magnetizer
(AL330, Cryomech)

Fig. 1 Configuration of GABCO sample and magnetic field
sensor in pulsed field magnetizer. The blue dashed line
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(b)
Fig. 2 Transient magnetic flux density distribution
penetrating the GABCO bulk during pulse field

magnetization at 77 K. (a) 2.65 kJ, (b) 3.99 kJ.
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Evaluation of pulse—field magnetization characteristics of a bulk magnet
with specially shaped soft—iron yokes
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1. [XC®HIZ

REBCO 74 DOFsdER - E— 2L MIZBWT, R
O/ R EALNEETHD, £, B FECB OIS
VAR, BRI B TR DUV AR LI (PFM) 2352 FI )
THDHEE 2D, B D PEM TIL VA ms~% -+ ms
LN, INEIRBEG LI TERW, BT, #ikgka
— 7% AW T VRIBEIE LT 82 E T, 7L RICE) R
ISR IR S DN TED, RIFFRIL, #Eka—7 0
TERAE TR HTEICIY, RS AR L DD, IEE O
BAbZKDZEBMETD, ZNETIS, fERAWVCEIRE
BIOIFNZHEE, 7arBHZOWTRETEITVY, 7rxils
— 7 CEAMER R LTz, ARSCTH, Hoic \EBE DY 7
KGRI — 7 2B R, TNOE AW UL RAER IR AT
STe, BIENE, 7L 7RO ~TD GSB & GSRIZHRERER 453 23
BLESNATZ80, TXTH GSB 1N GSR O R AR AE
BAHILNTED, HBHIE, 1 D0 GSB(XiX GSR) & 2 HD
GSR (X% GSB)IZHRER TRy D BLE S D728, —iBod GSB &
GSR DO E R ASEDHILENTED,

2. REEAHE

Fig. 1 12, SNFTITHRFILIzra2Ba—7 K OFi7-125
RN )RR, Y 7RG — OB EART, ZNbE
WA DTZ7 U PIZEEL, ZE ST REA0 3B O RS
IO 2,

FEBRIE, ¢60X20 mm @ GABCO » L7k (H A< #ig): )
YT NAT—UIZEGEL, 2 B GM %k (RM20, 718
7B CIHEIT D, IR E VT 30 KT 50 KICHEEEL,
BAREE BT 4.2~5.8 T OV AR (2 R 10 ms,
2/ UVANE 100 ms) % 1 [BIFIIL, 30RME i R O RS HUH%
FE R ONRE ORI AL ABIE 2, W%, A Z2 R0
L, 3D F—rE RO THRER GUEI R mNHH 4
mm) ORI FE Az BEL, ZOFREMT —F PO
s H L,

3. ERRUBER

Fig. 212 30 &Y 50 K 21T MR RO FIINEE S K 17
MEAERT, b\a“zn@«mr“ T, R —sogAL Y 7R
=7 DY FIZFRICEEZR S TERY, WE ORI THTE
e dt%fac%w@u\ﬁ%&fxoto

Fig. 3 (CH 8 720 OB B O FUNBG K 7%
R, Fig. 2 OMBREZBOEE N\ BRI —7DOEE 0.4 kg &
QY FHI—/OEE 0.3 kg TEHSETHD, ZHHDHE
B, BRI RTY FRI— 2758 30 K THK 56%, 50 K
THK 50% K&/l o7z,

4. FED

RICIL, REBCO »SIVIRsA DOFFHEREY D Ih L EERENF

D EL HEL T, NV RBBEORE

IZHWDIREEI— 212

HEHL, B/ \2B R Y FRI—I2ER-L, SV RE
RESEBRIT L0 A BRI A AT 72, WL T 0720 R R e
BRI, Y TS — ) GRS, 4,
S OBCEARATIC LY, SBRBTARDRLEALIC DV THr
HIBTETHS,

soft- ilOl/l yoke

Fig. 1. Schematic of bulk PFM system and photograph of
cross—, eight—legs— and Y—hasped soft—iron yokes
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¥k % 72 RE123 IO ERIFIED 72T, 7 v H# 7V —F
PR T A B fiR(FF-MOD) A I X R GUE TRERR. 538 i
R ARV R e AR EEIEIBERRIC X DR L Y FIRE 7R
LM BRI b L2 FETH D, L L, itk
DEL BB = TR =N W2 & bR
FC O BRI IM O F1ETH 5D RE123 J#E L
NHEo5TW, & AR, T, 100m fkOER THoo
INTR IR I &S T Gd123 R SBR%E S, FF-
MOD EBMBRR T LW B MEIC Ao T & E 12 5, I BT,
JFUBHA T~ Cl TRINC & - TREREFF O FiE AR+ %
2 HHAC 1) BaxCusOsCla fi A3 RE123 D = & % %3 v )L
WESELZIETHZEbhhroTVAR, UL, EHIC
Jr >72 I %9 % RE123 #4464 DB Tl R % 2 um LA

12T D M%ERH Y FF-MOD ¥ CIIBEEKE oA, e

%ﬁo ToB\THER T 2 LR A PTE DRI /2 5 E THR D
E 2R 70, ZIVTFERERIR R O T4
BRENMONZ EICERTAIHDOTHD, £/, ZTNETO
FF-MOD {% RE123 {#EOERI T, K HEaa R OFRIAE
FETEFATE FEEPEEE L THNGR, 2
NOEFTEDENIZR D X ) I & LA BRBEIZED
LTV, JFEIOZ S BKFiCh 572 & FE 2 b5
KRR DI IR O ST R ETH o7, L EDE R
DY & AR T D O L BRI S 23K 5 72 FF-
MOD {% RE123 i o FUBRAIR TR A 1E O BHFIZELY
HATWS, UFTIZZ et rBich o UDER L
72 RE123 BEfbik, £2132 N2 Wik LR E2EM+ 5
B LW THE S ESL L 7= FF-MOD ¥ RE123 JFUBHAIE D%
Iz >WTET,

2. EE&

71 ¥ F U HE(CH;CH2COOH) (% . FF-MOD 14 0O A7 B PA
WZfifbid 2 EREWEERT, Wit 141°C THD, Z
DERIZKT LT, —#%H72 RE123 BERE AR D FUEFC 3 % RE203,
BaCO3, CuO (T=RIR THME L7220, & 2 A REI123 BEfG A
OMERITFRTH 7 v U VBRIZEEM L, 50~130°C 12
BT D2 EICEo TSN, ITFAUREL L
T 1.8 mol/0E TSR+ 2 Z & & FLH L 7=, FF-MOD H
JRENATRIY = Ok & Wk L T4 5 7= RE, Ba, Cu OF
VR 1:2:3 T a et VgiiEa A% ) —, TH ) —
Jb. IKOIBEVEBICIENT Z Sk ViR L=, RE123 #
f1d SrTiOs Bift di & 7213 CeO2 23 i 8 D IBAD Jefk ki
BWT, A a— MECL DB, BE2#RD K L=,
KBRS 5 Z LIk BRI L 7=,

3. HBREER

ZNETIZ, REJLHEMNY, La, Nd, Sm, Gd, Dy (22T
RE123 OO T a A o BENE LN D Z & 2R

LTHED., Eul23 72 oo REI23 (oW T 7 r ety
B OGKITFIEREZEZ bND, ZDIED, Ca R—7
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Fig.1 Powder XRD patterns of various propionates.
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Fig. 1. I. (77 K, ~0 T) map of Y123 thin films as
functions of sintering conditions, temperature and time.
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Fig. 2. XRD patterns of Y123 thin films
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1. XRD patterns of FF-MOD processed Gd123 thin films
prepared under various sintering conditions.
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2. Secondary electron images of the surface of Gd123 thin
films, (a) 3 layered, (b) 3+3.layered.
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Figure 1. Magnetic field dependence of critical current

density (Jc) at several temperatures for each BaMO3 4.0
mol% co-doped film compared to non-doped one.
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Fig.1 Visualization of strain field (g2-) due to introduction
of BHO-APC based on displacement field model. (a)
BHO 3%, (b) BHO 6%.
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1: Dependence of the critical current density J. on the
longitudinal magnetic field B,, where J. is scaled by
Jq and B, isscaled by B..
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Fig. 2: Dependence of the critical current density J. on the

longitudinal magnetic field B,, where J. is scaled by
Jeo and B, is scaled by Bgy.
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Aircraft Propulsion Systems
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1. [FC®IC
WA, IR T AP IH O 1Tk % 72 3BT K&
ATED | FTLEaSE - ZEOEFICE O TbaREIOHE

1D A B EOMI S T E R 2B 2B 5 T D,

RRITHTZERS I, BEREIRT - AT TP 30T DHEIR O HENE ) 545
BIedODE—RT 7 DI BNT, Yy MRE
ZRBE S BB OIREL T A DY BRI ER S h
TWa, ZHICE-> TEEEMZEEXS IATA
(International Air Transportation Association) I,
2050 4 F TIZ CO, DHEH F: % 2005 4ELE T 50 %FE T T
LHEFEBAEHL NS [1],

FREERTHAHOBENRTE L UL, FiafE
IR ZepRBl (Sustainable Aviation Fuel: SAF) O F<
TRIRKFBRB S 2 AT AT A0 Batah s —J7, #
HE AT MMIE—FOREM., B LW & Mg
ER L7 TiZEoER (L) NER SN TNnS,

L2 LEldsEE (e—& /FEH) 1% IEkediodl) Tbh
D, EHEAICLE PR OEERHDHZ EIIHALNTHY
TAVTEEFIBR OB LM ZERRIZ & o TR R & 3
FICRERMEO—2THD, Lo TEEMEHES 2T A
Wy EERT O ERLZBROY—AR Ty U
WAZFT 2L, 2 b TEHEER) ARk 5T
Do T N EHFOIERE L LT Lukasik &1, EEITZE
BRICHR T 2 REH/ T LBBNEARBZICEALTER
FR 16 kW/ kg, 19 kW/kg DL EDERNPLETH D L4534
LTHV 2], ZHEERT D DI R E CHFZER %
MibhTnab, TLTCZORT, mElEITH> Z L TEHE
VR DB & Ul TRE /R B AR B O I B
DHEESTEY, [BlisgE FEEH/ T—F) ~OEHI K
MEnTnd,

AR TIX, FEROBEBBMZEHEOHEE S 2T A ~3F 0
ME STV A EEERREE O, 25 % Fv Tk
ST HEE S 27 A ORFZEENAICEI L TR 5,

2. BEZREHOA Y b
—WRIZEE O P WX, FRiofkickEnsd,

27Ny o
P =T X
60
m? N,
=ﬁkameaxxAsxD2xleffxﬁ (1)

772U, T[Nml: RVZ | Ny [rpm]: [BIEEER. 4, @ 5540
R B [T]: BEAFEFEHENE, Ao [A/m]: PLEESCERT,
D [m]: BHETELE, Ly ] AETHD, 20X
HR—R L L CHEGEHEOBEE O Y v hEEZ D,
— B A R . R B TSR O
(e EER ) b L <t METNMEEEENR -5
o> TABEER | O IR Y ST D, FBEINE, HA)
R L - THIRR & 0 b~ BTG OBEREE &R
HREERM EHEAT 5 b L < ITRARA L EORIR 2%
ARRe/R NV BEEREERT LI LIL D, BRE
BRI A TR T 2 B E 80 (EIXT 4 —AED)
ERA RO AIRE L 725 FFIT, B (LB BB
WZRHEDME Y 12T RER BB E A OWRIEECTH DM, HE
DAL, [H T80 O BIFNIE R FEOBRBRAATE D

RRICEVK L0 T TRENENTWS,

LU, HBEEEAE TS EREEIC L5 A S5
EFRETH Y | & HIEOEHESEIRATREZ2 2 & T B
il L LT 2 FUL RIS T ERR[REL D,
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BTHDIN, TbHEEEHM CIHKAEHR TR 120
kA/m FREDOETH 5 M, BELEH -EROLEIIEE
VL FE DR D L THE (200-500 kA/m) DX FHEE
EBRATAHZELAMRETH B3], ThbblEEEME A
BWHTHZ &L, FUHT PIZH LT B & A 3K
Y, FERELTD & Ly BFHERITNESL D7
O, BTy O g - 2237 MERFIBEE 72 D,

TD—J, BETERICBELERM 2 RAT 255
(TR EEREEE O (225 ORI A Z 8 L 72f% 523K
HHND, Ei-. Fig 1 IORTRCBEM R (2%
PGB EER) 13, FLZSHrEVEIR | O RS AR A Bl E L C
BHT DD T T A4 F AL v FRWNERD D DR ABE
i<mdd bV o Fa—Tlal, BEDHEBSEDOa
K= "B EFERHEN TS, FEBA VAT LD
PN E G D THER O BIERFE IS 13 70 W B % 450 % <
GEATND T, BFFEBRSEICIIRE & 7250 BF O Fnilk o b i
JUNTMRHELIND,

3. BEMTHDOMES AT LAADBEEREGHED IS

HBEE AN ML R T IS ORERITEMC B EL .
1970 4EAR8E I [BliE T O BB EE M 2 L
TRV U A TWEIT B R B ORI N Thi T
Wz, L UYEERIERR-NO v — Y o T HEIRRAR+5r
ThHO, ~V U LAORENIELE LUBEERBERE TR
WHHT 2 Z ERHRT, KRBT o T 5 [4],

BRSO SRR L7124 B Tk, R FICRE N T
I DOIRGE 7 )V — 7 DN BB A T O HEdE B EE T
— B OWFFEHIT->TEY | Table 1 ITRTEEIC EBRITHEE
B — X 28T AT L —T HHTETWS, (L,

EERBICRE L TRIRET > T2 &0 S BT )

BEFORIEALIC & 2 D E O m) I BT 2 BRI 5
BUEHEIT RO L ONRETH 5,
A %Y A Univ. of Strathclyde I% HTS #4f % bk 1

Armature Winding Support
Back Yoke | Armature Wingdings

Bearing
| B Coolant
Coil Support Structurd s
To Load P ——
/ | Transfer
Coupling

~ Cryostat

Superconducting Field Coils

Fig. 1 Conceptual illustration of a superconducting (SC)

rotating machine using SC field coils.
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Table 1. Actual designed superconducting demonstrators from 2019-2023
Operating .
Research Groups SC, Temperature Power Rotation Others Ref.
Materials Speed
(Coolant)
Univ. of Strathclyde HTS wire 7K - 300 rpm - (5)
V. y W (LN2) D
Bulk and 30 K
Univ. of L i 50 k 5, 000 - 6
niv. of Lorraine DI-BSSCO® (He Gas) W rpm (6)
. Diameter: ¢ 500 mm
Toshiba Energy Systems N/A N/A 2 MW N/A . )
Length: ~700 mm
Kyushu Uni REBCO 65 K 400 kW ~460 rpm - (8)
v v (LN2) b

Bk UMOR) IR L, BEEHICKARBAZEH L
THE VY NX Yy TROBEEET— X O EIT> T
5[5], AT—FHEETIEBOERELEZ B LZLOTIX
R R EBREWMET AE— X HOBEEER T EH%
EOXIICHIEL, MARTOREERTED L 5T
BREZREST D20 E 0D EHERBROBIKRE WV DSTROIFSE
FTHDHN, MBEET—F L L TOREEREZHEEL CE
BT BRI L ZE LI=NI b 5% OERE
BEFEIND,

75 Z®D Univ. of Lorraine |%., &— % OE R
I\Z DI-BSSCO*HBHEE MRS S OV 7 B EAR 2 L7
50 kW kHEEEE—Z DR EIToTWH[6], ¥ 74—
K-<27 <Ak (GM) BUAEE THRAETS N He T AIZLY
ABEE SR % 30 KFEEE THAIL CGElisT 5 2 & %
AMEICAT > TRV . 2 ZHEFETHE 2 BREORYE - BRI
WMEBREFR L TN D,

HETRAX =V AT LA (BR) 13, 2022 4512 2 MW #%
HEEE— YO EITo T L 2AF L[T], KE—
Z BRI EERRCER A L TRY ., R
W L TR0 OEEBEBEE—F L5 & 10%8L
ToiRE N EER L7z & LTV 5, LR TIEEEMN
e T O T — 2 L LTI R IROH 1 ThH
2,

ERRIZR L2 DAMZ & TN R DGR 70— 7 DS A
TBI I OB 2 A LR EAER L (REBCO) MR
FRA CHERR L 72 400 kW kO SBEE T — X PR LT
B rpm COREIEERER AT 9 [8]7e &, MEEHIFE A2
B OHE AT — 2 OB LIERILL TV D, T
ROHABITOMNCEEERE L CBEYEE — X O
AREBR ATV, HAR A 72 BRRE 2 BRI L ORI
DHEME S AT N AR LT BREE TR ATV, HEEEOM
2 ~FEH L COFEFERBRICHF HIAAL TWL D OER %
DTV ZERNEETH D,

4 BEEBHERTLOZHOHEER

2023 F- I BRfE Z417= European Conference on Applied
Superconductivity (EUCAS 2023) Ti%. Airbus Upnext &
X, Florida State University @ Cooley {Z X U . B &
KEZFNENICB T ZBEGHES AT LOMBE T 1 v
=7 MZB L TORNAMP Tz, R D ASCEND 7'r ¥
=7 hTIE, #EEA O — X 13k ARG (PY) FisF L&
BB EER - ERTHERENTBY, ~V LT R%E
FAWTHENREE 30-40 K TOEIRZEZELTWD, T—
HEOIB R B R LT H ADOBEEBEIZ(T I, ¥

U7 DDA S DIRIEAKER DOIHENT X 0 BATHEARIZ T
BHHIEND, £ U TESHE DT A LToKHRIE, A~
N— 2 ZERET D EE A L s 5 9], —FH D
IZEA 7'v =2 TR, RHKENZ —E R L LT
HHISHN TV, SHIC, ¥ —b Ikl SN BEER
BREOMARL, BNBEROBEIER~GEY — b
T A UToR B WG T D70 & ORI & iRk K FE
EROBEM L LTEF T0D, KU RAT AT TIE, #
ERE—2 L LTHESE—FOBEAPBRESATND
[10],
5. BhYIC
WA, WFFEBHRE DS AT T 2 BB 2 O HE
1 EE R N D A Lot s 2 7 AT
FIL T, 2 ZEEOM B Z £ &, 2T LD
ML, FEE - BEERINFH T, BIEEEEOICH
BB TROBELEDEHN Iy 7 D—2>THY |
BRLFDEOME LFE N HE2 I L L L TEHEN D
BIRENEE > Tiim L. | WA L~V CRG S8 5
TEMRDEN TN D, WAL, Fox ITERHERRY
OBEY TEELRE L Lo BRI & m k-
RS D —F . MZESTFORME DS L BEHEER~D
ZORFH (BlfsH, EE. TRME. ete. ) ZFEMIZHE
Ly [ 274 & LTHEERTE Lo X 5 Il AmA
Fr, FLOHITF TN DENSIRETES% LR %
To T RBERH D,
S E Xk
1. IATA: https://www. iata. org/en/pressroom/pr/2019-
12-12-01/ (B8 2024-04-11) .
2. B. Lukasik: Proc. in the ASME Turbo Expo 2017
(2017) pp 1-8 GT2017-63834.
3. P. Tixador, et. al.: [EEE Trans. Appl.
Supercond, Vol. 7 (1997) pp. 3858-3865.
4. C. E. Oberly: [EEE Trans. Mag. Vol. 13 (1977) pp.
260-268.
5. F. Weng, et. al.: Supercond. Sci. Technol. Vol.
33 (2020) p. 104002.
6. A. Colle, et. al.: Journal Phys. X Conf.
Series Vol. 1590 (2020) p. 012052.
7. WEXZ A= AT AR (B)
https://www. global. toshiba/jp/news/energy/2022/0
6/news-20220623-01. html (&8 2024-04-11)
8. M. Iwakuma, et. al.: ISS 2023 (2023) AP-2-1-INV.
9. L. Ybanez: EUCAS 2023 (2023) 1-LS-ST-01I.
10.L. Cooley: EUCAS 2023 (2023) 1-LS-ST-02I.
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Studies of bent ultra—fine strands Nb3Al cables on the superconducting performance
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1. [XC®HIZ

BT AL X — SR Jo A% Tl SuperKEKB MM &%
(1% o781« B A E SRR AT TND, 2018%3
H ORI — N EZ2 R ERDSBHAAS AL, 2022 4F 6 H I
HiiH O KEKB IEERD 2 LA EE725 4.65 X 10% O)I:"*—&}l/
VT 4—EERL2], &b E e RN EE B LT
WARE AN BRSO OBREB A LIRS TS, &
RS ER AT NS B CImEIS LD  NDTi K0
EWEE SR EAZFFS ALS LA WBIRERRST %2 FIV 7= React
& Wind HBEEBR A ORELBRFHL TNV, :Mif‘*%‘afz
V. B 50 pm ABHIRR NbsAl ANT U R CRE ARS8
LA — 7 L D B 0D B SR B oD L M%ﬁkfi&ﬂ
L T&72[3], React & Wind FERGA RUVERRZ, NbSA BRI
=TIV OO OFF R BERE T A1, diF
/T A—% LU Tl S B A O 1 ik A7 - ﬂeu‘_o i
Eﬁnf 3. NbsAl ABAGE A — 7 )L 0 g BB AT O s i i
F Ol B PR LR T DA RS 3D,

2. BB#AE Nb3AI RESURS—T L

A A NbAl BRE 7 —T LI Nb & Al O —h
Y r)—a— LETHRELIZE L v b ¢ 50 pm Tl
BINTL | TARDANTUREREPROFIZL T ¢ 150 um D47 —
TNEERL, 512, 20 150 um O —7 V& T KRG
DT 49 KR r—T N ERLU T, N T4 r—7 v
1% 800 FE, 10 W (FAE 4 Wefi)) OBULEEAM T Tz, Fig.
112 ¢0.6 mm & ¢50um FTHBRNTENIZANT RO
Wik IR E 7R LTz,

0D 0.6 mm

Fig.1 Cross sections of the Nb3Al wire. The left is the
¢ 0.6 mm wire during drawing process, and the right is
the ¢ 50 um wire.

3. 49 (7 X INb3AI ¥ —T L DEE R E5RIE

49 R (TX D HRVART U R —T7 L ORI T 2975
BB HIE 572012, Fig.2 1R T X572 25 mm »»
510 mm £T 2.5 mm L2 —T7 L0 REREZE 2 B
277 NE B L, 74 E OWIZ $ 0.7 mm DR EICER
UAYEHIELZ%., €O EIOBESr—7 Vet yhLiz,
e —E BT 78R U T 23> TOATES IS
BT, s —7 VO _EICEEHEZRE L, ek
DY —72IR e A IR E O EE b Licb— & — & Hfil1H)
L. 15K 75 4.3K OFKIREIZB T DA ERMONEETT

77,

- Heater

L Cu plate

\ Thermometer

Fig.2 Nb3Al cable sample test holder.

HIERE % Fig.3 17, MISEEEEN 25 mm 2°5 15 mm F
T AN 7B IT RN 20Tz, Lol di RN

12.5 mm FBLW 10 mm TIEALD R R ETROE T 2B H5
niz,

800

700 [Rea

%%

600 (= %&m J

500 \%&\ﬁ“\
= 400
K] — 55— 50um7+7-1208_straight -‘

300 [| —@— 50um7*7-1212 straight
A 50um7%7-1221_R25mm

—=2— 50um7*7-0202_R25mm
200 —— 50um7%7-0202_R22.5mm
[| —®— 50um7%7-0207_R22.5mm

100 [ —=— 50um7+7-0312 R15mm
—o— 50um7%7-0402 R12,5mm
0 — & 50um7+7-0411 R10mm
: : :
4 6 8 10 12 14 16

Temp [K]

Fig.3 Temperature and mechanical bending dependence
of Nb3Al cable Ics

BiEE
AFZEIL., B (23K25130)&(22H03876) DA 72 2 B %
FEOYR—2Z T T,
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1. K. Akai and H. Koiso, “SuperKEKB Accelerator”, J.
PASJ, Vol. 15, No. 4, 2018, pp. 213-220

2. Y. Ohnishi et al., “Recent status of SuperKEKB
operation”, Proceedings of the 19th Annual Meeting of
PASJ, Oct. 18-21, 2022, TFP0OO1.

3. N. Ohuchi et al., “Development of Super Fine Strand
Nb3Al Cable for SuperKEKB Superconducting Sextupole
Magnet System”, /EEE Trans. Appl. Supercond., vol.33,
no 5 Aug. 2023, Art. no. 6000305.
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Impact of Zn and Mg addition on Nb;Sn layer formation and its superconducting property
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1. [ZL®HIZ

VAR, NbySn B EEARET O BB L ~D BT, &%
T — IR Vﬁi"bﬂfoﬁk@mﬁﬁ&%‘?77\y N1
BWTETEIEE-TWD, & JALDZEMHO L LT,
Nb FEFE O PNEBER{LS° Nb BEAR O FSHI#RK 2 FIF L 72 NbaSn
AR OTAI LA E R SN TWB A, —J7C Sn HEHLEK
Ebﬁ%o@tjv%aﬁ%ﬁm 2D NbsSn EORERELZX D Z &

b T07Em JALO RN H 5, Z 9 LI=AFFEIL. NbsSn
JEIERE A T3 = X LA OBRZ RS D FTICH 22D, AHF
78T, PIER A R{EA R — |2, Cu fEFf~D 7Zn 3 L TV Mg
W, BLOTI OWNGFTioRE, HEov 7
IV IR YRS & FE oMM 2 WV CHBRICIH N2, 20k
B, Zn =2 Mg DI X - T NbsSn JETRL A BRI 250
D EERMENDT,

2. ERAE

FEARD LM VER PN A LIS 9~ 5, ME 3.3 mm
DSnt (LLLIZShn AL ZCu (L LLIXCubd)
& (0d/id=5/3. 4 mm) uﬁ)\ L. #h%& Nb (b L <1 Nb
G4) & (od/id=12/5. 1mm) IZFRA, & HICEELHM & L
TCu® (0d/id=12/5.1mm) \ZHEAT D, FDEAME A
TV TN A ZAHFRIZ LY S0.6mm F THLT
Do 15 5T RIBRAKRAA 12, 500 °Cx100 h O PHEVLEL |
650 °Cx150 h & L < 1% 685 °Cx100 h ¢ Nb,Sn A= A ZEMILIR %
g, EIAEERGEREZ 5 7-DIZ, 4 h FET 650 °C
ETHMEAL, ZO%FERTLHEET, @EYy 7V 7L
TRt OWmBIE 21T o7,

HEtE L CRMoTsE - HETORARZ LT O 4 FE% 1
fig L7z,

A. N-C-ST: Nb/Cu/Sn—1. 6wt%Ti

B. N-CZ-ST: Nb/Cu-15wt%Zn/Sn—1. 6wt%Ti

C. N-CZM-ST: Nb/Cu-14wt%Zn—0. 2wt%Mg/Sn—1. 6wt%T1i

D. NT-C-S: Nb-0. 8wt%Ti/Cu/Sn

Wrim 5B % Fig. 1IR3, WENEL LZ0b, i
SR A BGARATIC L 0 LL%?&%E@&TI&%T_
LT, BAEREE (Layer J.) ZRDTZ,

3. EERERLER

650 °CX 150 h DEVLER L 7= K- 508D SOG S > SEM {4
% Fig. 2 1R 7, B AT T, Zn I & - T NbsSn
BENKESERELTNWDEZ R3S B), TR0
TIERIGREIC 4 TTALBEYNERT DA, In IINTIXE
N EELIZ Lo, b 0 ITHIK 72 NbySn JB A3 < TEAR
INTWD, ZAUL Sn JEHBRE IR L TWAZ & D
EnEEzoND (1], ~FHEHITMg 238N+ % & (0),
Sn YEEEREN I E AR T L. B x5 EIERINE Zn IO
Mok 5 A E N5, Ti 2 Nb I+ 5 & D),
R D 4 AL BN AR L7 < 720 Sn JEHRERE) /1 A3 K
T BN, D Z o THKRA NbySn BOARMEES T LE
VN, T NbySn B O RS RIS/ NS o T,

Fig. 3IZ&FELD Layer JERREZ RS, SHEIO3E
BRCIL, Nb/Sn JEBENKE <, F72 Sn JEHBEEN 112G

C7=BLE R b ek S TninzZ Enb, —iic
IR T X 7203, Layer J. OBLRTIE, Zn & Mg ILEN
R J 2Rl mn s b,

SHHEE ABFSEIL JSPS B JP23K04453 DBIK A Z 7= %

DTY,

SE3H

[1] N. Banno, Low-temperature superconductors: NbsSn,
NbsAl, and NbTi, Superconductivity 6 (2023),
https://doi. org/10. 1016/ j. supcon. 2023. 100047

Nb Cu

1

Cu-15Zn

Fig.1. Cross—section of sample B with 15wt%Zn addition to Cu
intermediate layer.

o\
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C.N-CZM-ST

NbSnCuTiZn
Nb
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: lsym_

Fig.2. SEM images of the specimens at reaction interface after 500 °C
X100 h + 650 °C X150 h.
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Fig. 3. Layer J. of each specimen.
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Impact of Ti—doping position on Nb;Sn layer formation and its superconducting property
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EF—a R R—3x b THY, HERAILENSTZEI N T
5 NbySn D @R Z I LS & 20 NeE E LTTiix
MO THNTINETHLE ORI NTE, L
2L Ti 1 NbySn JEERGBRRICIEFIC KR E R Bier 5.2 5
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S AL, NogSn JBEKCE OMHIR 7L 725 Z &R B E 7o
TW5, ABFETIEZ MBI SRS, T1 #NINGET &
BEtT 570, 7487 MU —RA 7 —/LOREA XL NbySn
%Iﬁﬁﬁ%ﬁgiz L . Nb;Sn BRI L OEEE RIS 5

DB RN,

2. WrEERE oY T

AT IEARRN T A X DORREHE T 5, BMHERT
EZ LRSS 2, £9° 1 mm & S ONAFAIR Cu g
Nb BEE#R (18/16mm Cu #<A /15, 5mm Nb &2 R Z fifif)
ZERL, 121 A= DH, 15/12. 4mm Cu 231 FIZHEAL
TEE 0.8 mm OAAIRE CHEBRL N T 2— T
b —H T, BmE0.8 mm? Sn B (13/10 mm Cu 734
7/9.5mm Sn B v REMH#R) ZHEHT 5, D%, NbE
Va—))L%& 12 K, Sn B A 7T A, Fig. 1 O X9l
B CHLAIAI, Nb XY T HRA 7 (6.5/4.5 mm) & Cu X
A7 (8/6.6 mm) IZFA L TP0.6 £ THHT D, Nb Y
T N OAALELIE CutNb:Sn=52:35:13 (at%) T 5,

Ti WIMOLETE LT, 280 Mgt L7z (Fig. 1:Sn.th
"éﬁbu\ BLOCu MM, 7272 L Cu B EINO R A o

M, Ti iisIN&E Nb 7 4 7 A2 NEBEO Cu BAIZ R 72
L ThHD (DFEY Nb BV 2 — VOAEITIE Ti 2D
L7y, BE—iEEct 2 AWmiBEDZE ik, Nb @ Cu
SR TIN5 &, Nb EY 2 — LEBIC Ti %EE.U{I:
EMEPER S D Z ERHEND HILTWA L], £
AENIANEO Ti INE S 32 & T RN T Ti
(LA DI S/ D AR T,

VERLU 72444413 4h T 685°CE THIEZ DB L T
NbsSn JB & Ak & B 7z, BVLELERE CHEE., v 7 A2
D HL LTRSS LLSEMIC & Y NbsSn BT EBE 28122 LT,

3. EERERLER

BN TR SV TIE, Ti & Sn IR L7238 A i b
E2ARAIL T W2 7=DIZ%F LT Cu fMIZ I L 7= X B i
THo72,Nb & Cu & ODﬁEé DINT U ABRITZ T & BEL
REEXHND, Fig. 212, WREHIIBWT, TAINE
72 LT 650°C £ THIE L%@i % 50h {RFF L7214 D EDS ~
v TR T, Ti OFRBERINT, {5 BEF7 Sn JEHKAS
oz, = Ti®OSn BZIRMTIETi 2 FZ A M Nb
Y a2 /WMITHE ST HRNVET AR LN TEY | Ti
DRI H T2 EN I DB 2D,

B AWFZEIL JSPS BHIFE JP23K04453 DBIRLA 1T 72 b

DT,

SE3H

[1] T. Morita, T. Yagai, N. Banno, JALCOM 848 (2020)
155465, https://doi.org/10.1016/j. jallcom. 2020. 155465

(Cu/Sn-0.57wt%Ti-1) x 7 or
(Cu/Sn-1)x 7 Cu

-

In case of Ti addition into Cu matrix:
Cu-1.5wt%Sn-1wt%Ti/ Nb

(Cu/Nb-121)x 12 or
(Cu-1wt%Ti/Nb-121) x 12

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

(a)

(b)

Fig.2. EDS maps of Nb module in case of (a) Ti—addition in Sn and (b)
Ti addition in Cu matrix after 685 °C for 50 h.
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Second operation result of JT-60SA superconducting coil

b W2, R BE, @i BE K L, W B, @it

ek Fe, ARH 2, ' WS, M OK—, U X EEH —iED)
MURAKAMI Haruyuki, TSUCHIYA Katsuhiko, FUKUI Kazuma, ONISHI Yoshihiro, KAWANO Katsumi,
USUI Katsutomi, KASHIWA Yoshitoshi, IGUCHI Masahide, SATO Minoru, HONDA Atsushi, ICHIGE Hisashi
ABE Taichi, SAKURAI Ryota, HAMADA Kazuya (QST)

1. [ZC®HIZ

N~ 7 BIKGEA EERAEE (JT-60SA) 7 2 = 7 NI ERIN &
H ARSI [F]CHED TRY, MEEaA LA & B O AT
CT[1123 2020 4 3 258 T Lz, 2023 4= 8 A LV —[nlifilx
2RI HBEEI AV OBEEEBELZHLGAL, 10 BlIZ77—2A
FFI R~ E ik LT2[2], BRI, 2 VEMTOEE
POIRD | BaA VRN T DA EIERR, 2L TSI~
TEEREHEATZ, RFERTIL, F _RHEEZ B L TELIZR
OA VGG AN DT T F R ORERE AT DN T
WETD,

2. JT-60SA ROAZ LIS D I IO FREERE
RaA MGG N D72 F R, Byr Ty 7 ad
NERWCTHEEETZRREL, 72T iof%ﬁi?%ﬁf&
MEOBEERH T HETHHH 1), 7o FHHE
OFFEIL, TTHRBOREVATEEHIEE (0-100 kQ)%fﬂiE’
TEDUMIHEITV, O %R CHERIE R/ /NS Te w48
HRPLER (0-1 k Q) THMFAEATOMERR Th D,
JARXBEREDTZDIZEDfH 7“7‘_74/1/5'IEIF%O>:'/%“/47‘
MEBL BIEALEE (BIRSL D EIPRBEHAL PP E) I
INATIRD I AXPAELDZEDHERI LTI, :/7/47‘03
KEDHEISETALERSHD2], M 1 OfEarT v
P DESTINE DT (22 nF, 33 nF, 55 nF, 155
nR) & EMLIZRED 7 = FREEOZEER 2 (TR,
AR EF2 AV W T Thiu, 24V ~ORIIIEE X
+335VC, £700 A/s TEIREZLESE T2, FEEBLEDORE
DARF43T 0.6 v%fﬁ@%ﬁﬁrz@mﬁuamﬂ\m) o
TP OEFIC EEALRFCAE LD AL TIROE
4’7<‘ﬁ§jt%<ﬂ£{m“é:2:75§§a\7b>oto

3. BIERMETICEDI T FREERE

ARA TR AT HEEDORRETAE T D7, X 3 12
R EIEET VAR BT AT o7, FOREE, K’ 4 128
JIEY, R CHRAE LA AL 7RO BIEEIEF ICILSEFHRT
XDHZEW Gy olz, I CARBIRMEHNTZ VT, 24V O]
INEEDNEREED 5 kV ORFIZIAET DA AR A XD,
fiZ4T-7- (4 5), ZZTIE 3D 2.17TuF DarF oY E&
% 2.2043uF LREFELGHIRLIZZE T, ASA 2RI A X%
0.1V FRELI T ERESBEKR TETND, T, a1
nF Tayv T o O Fa 2 b S CREEE fRAT 4 SEhE L7 fE
BT HERED 1.0V~2.0V 1KLL, ZHhIEn
0.5V FREEZANSRATIR /AR IO TWNDZEN DD,
PLEDOFERIY, RIENEHRIZAT 727 = TR as Ol B &
LTl nFREREU T CREZMETEXLIALEa T 0w
AT LEBINT 5 ETHD,

SE 30

1. H. Murakami, et al.:
(2020) p.65

2. H. Murakami, et al.:
106 (2023) p.30
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QD voltage [V]
[N o
o o

=
o

| N

1/ ’“Kif—“
i \'

0 5 10 15 20 25
Time [s]

RG
e £ 7
e, M AFEL R RS,
b, | s —'-_.'_~_-'Di\l|'dir|g resistor == Fil ni:i:s:g{?:
S FRES IR = - — Filter mplifie
PowWer 8‘-___ fx] —50M0 50M Q-' ’
supply | b5 =" 0-1kQ2 1 ol D
L | 1:'— s o xa;-inanb:{c(;csi'tor 1uF 1.8k 0; 5
‘ f:‘ Fixed resistor == ' 2.2 uF| T
| | 45 kO 50 k0 | H |
Fig. 1 Quench detector for EF coils
3.0 5000
—2.2uF+22nF
H n —2.2uF+33nF
20 i i 2.2uF+55nF | 4000
i | 2.2uF+155nF
1.0 A | —Current 3000

2000

Current [A]

1000

-1000

Fig .2 Dependency of quench voltage on variable capacitor

1cocl
— == == &
= o =2 2= 1gkg WrVIx000
3 {‘q T 0 ucis 1 A\AA/
& § E A VQQ
2 L 1uF18kgii Ty,
== ==
=o & = 2177uF | [2.2uF
T ® 7
Fig.3 Circuit model for quench voltage analysis
1.2 5000
08 | - 4000
> 04 // - 3000_
) Pl =
£ 00 = - 20005
> ~ sg
504 I // - 1000°
gt QDvoltage
0.8 e —Analysis -0
—Current
1.2 1 1 1 1 L | -1000

4 5 6 7 8 9 10 11 12
Time [s]

Fig.4 Analysis result of quench voltage

Fig.5 Analysis result under 5.0 kV operation
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Design and development of a 20 K / 20 T model coil using HTS STARS conductor

BEM, pli 1, BAS A, 0 BR, A 1, S ES (RS RT, TR

/NEF K (BERLAHF) ; Diego Garfias-Davalos (R8FIFK) ; 0% & GRILK)

YANAGI Nagato, NARUSHIMA Yoshiro, TAMURA Hitoshi, HAMAGUCHI Shinji, CHIKARAISHI Hirotaka,
HIRANO Naoki(NIFS, SOKENDAI); ONODERA Yuta(NIFS); GARFIAS-DAVALOS Diego(SOKENDAI);

ITO Satoshi (Tohoku Univ.)

E-mail: yanagi@nifs.ac.jp

1. [XC®IC

KA B FHFFERT (NIFS) IR Sk ORZ A b7 L U iR
DT TR IR G FEPEEE O KT~ Ry b~Di#HEZD X
L. NERH# S 0 B72 2 STEFA O KB A IRABRE (HTS) EK
STARS. FAIR, WISE DPHFEZIT->T&7e, ZD 55,
STARS (Stacked Tapes Assembled in Rigid Structure) E{A}%
245k REBCO bt % B FEE L CREIRFr—
TV, M AT L AV ¥ o s (L —HE — LEHE) ©
O LTI ER IR I BN Tk e 72 o TND, FT2,
EAT UL AD BN E R M kR E LA A T2 N BRI )
72UV FR o TUND, 2019 4E7351T, 20kA SR THEA L
TR BEROBRIEED TS,

2. 20 kA #&k STARS E{RADHAE

20 kA % STARS EATIE, 12 mm 1§D REBCO #ibf 15
WERBL WD, ZREAWT, BEE 600 mm, 34—
YOV VA RaAf R TV ERES 6m) &
IEL . NIFS OROREBIGFEARFRERIZE ICIY 21 T
Y HEIRSGERBR Z2 1TV, 1 kA/s D EnE g A2 200 [E1#: 0 K4
&, Bk R A ST, BTN ER ORI N
Bl sz, vk, BRSNS oA 2o X
Y ADBNID DRI EE LR ERDTRND Z LI X
20 LIRS, BEFHICE > TH) E<HHTE D,
TEBRERIIIE—IEBERDMOIER & EMHTHY . ZD LD
REMERDLODO MBHTEEIZEETE DI &R
SN[,

3. 20 kA #k& STARS E{AZ L\ R&D a1 /L DELEH
STARS HERDBAFOWELRE L LT, EERICZ D&k %
Ao VEARWEL  GHIRGRBRZ1TH) 2 & TZ0HE
ROBIEREZ FFHET 5 Z L 2FFE LTV D, ZD7=HD
A VO L EEHTICHOVWT XK 1 B LOFE LITRT,
1 TlX, SPARC @ b A XIREGET /LA L[4l & D
SHEBR LTV, BIROEREE U GRE BRI,
ERCERIERBILBRA L, ZhicaeRy &AW B EE
TAEITH Z L E2MafLTWD, aA i, iV T
K20 T ORIHRE &L 720 | MANREIL 20 K #18ET 5,
BUE, AIRERLEZ AW BRI 21TV, BRI OIG
FBRAED 2N LU D K 9 A VREBDELLN
WEKEL LTS, ZNEOFEHIZONTHET S,

SEXH

[1] N. Yanagi et al., Journal of Physics Conference Series
2545.1 (2023) 012008.

[2] D. Whyte et al., IEEE Trans. Appl. Supercond. 34 (2024)
0600218.

[3] S. Ito et al., Fusion Eng. Des. 146 (2019) 590.

J— 84 J—

735

1000
1600

Fig.1 Plan and cross-sectional views of the designed R&D coil

using the STARS conductor.

Table 1 Major specifications of the designed R&D coil using the
STARS conductor in comparison to the SPARC TF Model Coil.

| | STARSR&D SPARC TFMC

18 kA
900
[ Innerradius _____ [BIVRNYY
Outer radius e s o
mm
16.2 MA
80 A/mm?
203T
20K
47 km
[ Inductance  JRGEOINTY
105 MJ
STARS
conductor with
Winding method long-length
winding / joint
winding
insulation insulation

40 kA
256
530 mm

1890 x 2890 mm

10.24 MA
153 A/mm?
201 T
20K
Superecritical
helium
270 km
140 mH
110 MJ

Spiral-grooved,
stacked-plate tape
winding with solder

impregnation

No-insulation
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Basic study on the effect of coil geometry on current distribution in cable—in—conduit conductors

Vi FeR, /bR SRR, IR R (TR s HH B, B @R GRAER)

SATO Ryota, KOBAYASHI Hiroyasu, MIYAGI Daisuke (Chiba University); TSUDA Makoto, HAMAJIMA Takataro (Tohoku University)

E-mail: dmiyagi@chiba—u.jp

1. [ZC®HIZ

Eate ABEEa LD ENELESD A0,
CICC NOBIRSAELE—IZTDIMNERDHD, FHDLITIN
FTIZ, ERIBIRD CICC ORBIBI 2715 L, £FHROB
CAEIEAEFAEALZ I H L A RODHIET, L
F LB OB O TR E T TEREN, UL, %
BROaA NI CIEEREER D D AN RES SIS D
728, BRI CICC TR A M3 280y F iz L
TEARICB W THIR R CEDNEREFT T AN ENHD,

AE T, AR D CICC IZBWTHRIE T3 E
AN G2 DEBN OV THRFIL, EMRERO CICC @
B A IRITRE R LA THZ LT, AR TO M
HIROFENETR A KIET B OV TR ETI T 7,
EB1Z, EATEIRO CICC TORHEIHIT e T Ok
PRI RIZB W THHE H THA OB ETT-
=D THE TS,

2. R FE?

KRB OBE M EALE IR A ET B
B, aALIEIRELTZ CICC NDETO R A FEICXY
HEE LTz, BIROEFHANCH LT, ERERO 2mm EO
W IZ B W CHEMELEEZHEE L, TOMREaAALIBIREL
LXMW A EL, &Wik O MO 2mm L7
LIoIZENBWmEEIANVIZIRIZALE LT,

K FHE 2mm BOFRMERIINEIL, FFBROH A
HIRAIEBRBEROA CA L E I H ALK TR EH
MO EALF 72 ADFAE L TR, iz, HREBRE D
FHAZ OB RIS B BEROFLRE OB 27
HUADFELTRDIZ, FRMMOB AL EIH ALK TR
R ORI E ALK D20 2% B L CERIHE CTO 2% TR
DFLAG SN A BT T V2 VERR L, & BRI DE
TRAEIELI=, EBED CICC D& FERIIMHIZS LTV,
& SR OBMIRETL, £FBROAE —H U AITHART
FFTREVEEL, HFRMBMEHZEINTWDLET LEL
TERDA O EITT,

3. ETHERLER

HEARIRD CICC ZHWTHEKREDOIROE YT LBy
i OBERERFT LIRS, WIEaMH TEAE Y F Rl
BEO—FIELT, | RI7—7 VORI FNEL, KRE
DOROE Y F O/ NAEHESPRHFICENEETHHI LN
binoTHBY, Fig. 1, 2 ICHEER TR IH S 78k
VEwF 80/160/240/280/400 mm > CICC % 3 Z— K\ /-
IANVONREE 3, 5, T m &ETHEEE, N bm ELTH—
A& 3,5, 7 LLILHE ORFBRITIMNDEIROEER 2%
IR, 3 X =1 DALV TIE, AV CICC DB AN
WIFEAE B LN ERS e, —F T, R bm TX
— R 5 H—2Lh EOIA B W THEBE RO CICC X
DHEFRRUITTNDBEROIEHEREN D URELIRDIENH
Dinkipotc, 7z, Fig. 3 IZHEMBFAIR TR HHl S 7k
V> F 80/160/240/280/400 mm O CICC &, {RifA BEZE T

Fig. 1. Relationship between the number of turns and the standard
deviation of the current in each strand in a 3—turns coil.

Fig. 2. Relationship between the number of turns and the standard
deviation of the current for each strand in a coil with an inner
diameter of 5 m.

70

| Straight geometry
60 r SCoil geometry

50
40
30
20
10

0

Standard deviation [A]

80/160/240/280/400 80/160/240/300/400
Twist pitches [mm]
Fig. 3. Comparison of the standard deviation of the current flowing
in each strand between CICC in straight geometry and CICC in
coil geometry.

7RO F 80/160/240/300/400 mm @ CICC (25T,
EAIERETANIER (N 5 m, X¥—2 8 7) DFEDOEFR
FRICIEN DB O ER ZE 7R3, fERLY, BERFIR TR
PR R ET Ly FRERITaA VIR CO A Th
DHREMENH D EN DT,

SE Xk

1. Ryota Sato, Kichizo Abe, et al.: IEEE Trans. Applied
Supercond., 4802605, Vol.: 34, Issue: 5, Aug. (2024)

2. ERSER, fil: BRFPSWTRESERERE -EIIvIR/
BB R A R BF9E 2, MC-24-005/ASC-24-005,
(2024)
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Improvement of superconducting property evaluation system at Oarai Center in Tohoku
University —Installation of 50 Hz data acquisition system—

PR BT, 22V Bt (B a )
NISHIMURA Arata, HISHINUMA Yoshimitsu (NIFS)
E—mail: nishimura.arata@toki—fs.jp

1. [XC®HIZ
2012 ARICHAL KR F & B BRI Rkt #—IC
15.5T HBIZERA LR A A —R (VT BREASNT
L3R, NbySn 4 ORBRERFC AT 3 HPE T IR B 3
BT DI 5 T biL CE e, BASNZ VT IFBVRE M H]
DERHASIN TSI, EHIBE T 2 — VBN A
TE, FUBHEE R EH-35,
SBRAL X — DA A Fig. 117 T, G-M GO F
2 AT — N TR NEEMET AIay R HY) 2O T LIay
K& AT IR A N =035 D, NAN—DHITITEMR
DBV, REHIZ O BRBO SN HfTIT SALD, BEHEN, T
— VBT EME T L Iay NIk > THEHE NS MY, SUBHEEE
ﬁi‘ﬁ 10 K AT Cld, 3UBHEE R + iR, -EmthEih
3F®(mf£7+75)$b§)0 \_OD{DD.}JAJ:%H#@EW%EE(JIL
(Ic) % 4.2K TO lc A.2)ITHE T HFIEERFIL,

2. AIELF DD 42K TD [, ~D T

A. Godeke BH[1]0 NbaSn bt % %G U7 A ph i o=
MNH. T K TO Ie(e(MNERAUTEHST 4.2 K TD 1(1:(4.2))
WA TED,

1c(4.2)/1(T) = (1-t4 2" (1 -t42)/ (1t /(1-tH) (1)
ZIT IR T/T0) T, Te(0)iZ 0 T TORGFIRE(T)TH D,
0 K T® Bey Bex(0)) & 0 T TD Te (T(0)DRATIZ K DR
Nds[2],

BeoT) = Bea(0) x (1 = (T/Te(0))Y)

ZZC. viZ Universal parameter C 1.5 T 5, Fig. 2 IZHIEL
72 Be0) & T(O) S BMRE T, BRI BEGR1NHD,

50Hz T Sampling L7=7& . NbsSn shE i B £, IEA
EMRIEEE  SEWIRE Db —F% Fig. 3 11, sEHE
TROBEMMEEE 43 A/s ELTZGEORBR T, EMIBEN
WEIZEFLTWHBDNR00 5, 1 nV/cm OFELEIEAER (E
BNOEFMEE 1c LU, ZOROREHERE 2 B V-8
LT, 2D Ie EREHEEND, 4.2 K TO I &R T, ZDkE
Bo—fBil% Fig. 4 \ RS, AMTHET —#, OITHE Ic %
42 KITHE L7 —% LA He P CTORIET —FTh
5, IR He FTCOT =X EBIEONE LR A
BB, VTI TOFERTIXEMRE LD ENVERD,
ZHUTIIR He I EILARE IR AL OEWIZEF L T 5B, Lo

Fig. 1 Illustration of sample holder

L7265, [c D 4.2 K ~OZEHIZIY AZIEFRC V-1 #ifg35
HILTREY, 4.2 K TO lc ~OEE N FEETHY, 1O AD
PGSR AN I RE CHDH LD DIND,

S & Xk

1. A. Godeke, et. al, SuST, 19 (2006) R100. doi:10.1088/
0953-2048/19/10/R02.

2. Xifeng Lu and D. P. Hampshire, IEEE Trans. Appl. Supercond.
19 2009 p2619-2623

o 32 — R2 Bey(0) Tc(0)
= 08 Nt —@— Non irrad. 0.9996,29.0 T, 173 K
% —2x— 8.23E+21.0.9997,29.5T, 17.0 K
= 24 N —0—4.90E+22. 0.9999,29.8 T, 16.1 K
= —1—1.71E+23. 0.9994,25.5T, 12.8 K
220 ™ Unit: n/m?

5

216 b

& 12 LN 2 N

o Y

°o 3 \II\D 3

>

g ITERTE#2 | %

O ¥ ¥

& i i jul he

B — N\

0 !
0 10 20 30 40 50 60 70 80
1.5 power of critical temperature
Fig. 2 Relation between Bea(T) and Tc(0)N5.

150 8 ! ’ "
155T, 150 Als b Ted =
2 Sample current <
< | = . )
= 100 \% 7 Measured temp ; 10 "“’:
§ % Average temp. : T(lc) @
g 5 -electrode temp. ' ; ﬁ/ %
2 sl g 64 . f ; 5 <
=) o : | g
5] = ; =
3 + electrode temp. i
Tap Voltage? <1 l-l Viem
Un 5¢ . o

0 0.2 0.4 0.6 0.8
Time (s)
Fig.3 Changes in sample current, sample voltage,

temperatures of electrodes, average temperature.

V-I curve tested with VTL—s 5
Ramp rate; 60 A/s. In vacuum. a

; 0
ITER TF #2 15T

= i

= ;

§ V-I curve tes‘ted at HFLSM a

= Ramp rate; 4 A/s. In LHe. \‘5\)
~ i

O 0 [Hsatwlmmon i

%D 0 i 4 o
% V-I curve tested with VTL a o
> Converted to I at 4 2 K. | a%
=10 e
8 A
Z
v

(=]

I 1
50 100 150
Current (A)

Fig.4 Comparison of modified V-1 curve with

S

temperature and test results in liquid helium.
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Neutron irradiation effect on superconductivity of Nb3Sn wires and ReBCO tapes

PEA L,

ZEW Bt (NIFS)

NISHIMURA Arata, HISHINUMA Yoshimitsu (NIFS)
E-mail: nishimura.arata@toki—fs.jp

1. [ZL&IZ

ITER TF =A/VHIZBAFE S 472 Nb3Sn #4642 F -k
TR R BT A e S LTI Y, ReBCO 7 —7°
D HE - BRI h Bt R 2 HED B TUVD, 22Tl Nb3Sn
AT DO IBE B T O W TR DR RA R 5,

RS~V — D BR2 THEHMIL., 0.1MeV LL ED
FipE R Y 8.23x10% n/m?. 4.90x10% n/m?, 1.71x10%
n/m? L5 REZ4T 577, 8.23x10%" n/m® @ FREHIE BAMI
system CTEEL ., ZDIEND - DIZLIBERTY system T3H
filL7=. oD system’C TX. BB ERE S NDIGET N R |
TR X —GAMIT R o TS, Ll iR
Envelope [ZARENTVVRND T, 0.1MeV LA T O d: -
BIIRHTHS,

BR2 TOMS%, AL RF Kt 2 —IZ@EIILTH
% 15.5 T WBIaE~7 Ry NARE R ZEA L —MVTDE A
THRE R AR L7z,

2. hEFREICKIBEESEDE L

REHHNCEDRBIR N T —DBE D0 + EiRe —
BN EZENAELD, FOIREDREL LI 572%
4.2 K COREGFRER (o) ICBRE LU THREIRE SR T o288
L72[1], 0 K TORGS S Beo (Be(0) & 0 T TORESFIRE
Te (TcO)DNZIZIR DBIRA B D[2],

BeoT) = Bea(0) x (1 = (T/Tc(0))Y)
ZZC, viZ Universal parameter C 1.5 Th 5D,

Rz T(To 1.5 FIZHWY, WE ORERERLIZHON
Fig. 1 Thd, KPIZFEM LT Bex(0), Tc(0)DEZE R,
1.71x10% n/m? O BRETIZEASNZ Beo(0), Te(0)EHIZIER T
T BN, TILA OIS Tl Beo(0)DAK FIREEZE Tt/
DD TCOIFHFALTL TS,

SRS T 5 1c DRIERE R ZBHL T2 1c(4.2) BLO
Ic/Ico D —Fil% Fig 2 IR, ZORERIT M REN
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Optimazation of synthesis conditions for MgB, bulks prepared from fine B powder
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Fig.l Scanning electron microscope images of MgB2 bulks

synthesized by Premix-PICT-Diffusion method using new B
powder. 1G B (a), 2403-6 B(b).
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